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Abstract
Atypical opioids such as tramadol, tapentadol, and cebranopadol combine two complementary mechanisms
of action into a single molecule, creating novel analgesic agents. These are synthetic small molecules:
cebranopadol is not yet market released; tramadol and tapentadol are commercially available and have
immediate-release (IR) and extended-release (ER) formulations. Tramadol has been widely used in the
United States in recent years and works as a prodrug in that its metabolites are active in inhibiting serotonin
and norepinephrine reuptake. Tapentadol is a direct-acting agent with a faster onset of action and is a mu-
opioid-receptor agonist and also inhibits noradrenaline reuptake. Cebranopadol is the newest of these
drugs, a first-in-class atypical analgesic that combines mu-opioid receptor (MOR) agonism with activity at
the nociception/orphanin (NOP) FQ petide receptors. Cebranopadol may be considered a partial kappa-
opioid receptor agonist as well. The pharmacology of these unique single-entity agents allows them to offer
analgesic benefit with fewer side effects and risks. Clinical studies have demonstrated the safety and efficacy
of tramadol and tapentadol, and promising but limited studies for cebranopadol show good analgesic effect
and safety. Serotonin toxicity or ‘serotonin syndrome’ may occur with accumulation of serotonin with
tramadol. While the misuse of these agents is limited in the United States, tramadol misuse is prevalent in
Iran and parts of Africa. Patients have been successfully rotated from one of these agents to another. All
three agents show promise in the treatment of cancer and non-cancer pain and their unique formulation in
a single molecule reduces the pill burden.

Categories: Pain Management, Public Health
Keywords: pharmacology, chronic pain, pain control, analgesic, opioids

Introduction And Background
The tandem public health crises of opioid overdose and the chronic pain have led to the current “re-
imagining” of long-term analgesic therapy. Despite the fact that pain is one of the most ancient complaints
in medicine, the perfect analgesic agent has yet to be developed. Opioids are effective analgesics that act as
agonists of the opioid receptors, but by activating these pathways, they can cause various potentially
treatment-limiting side effects, such as respiratory depression, somnolence, dizziness, opioid-induced
constipation, nausea, vomiting, pruritus, opioid dependence, and opioid use disorder (OUD). The increasing
prevalence of OUD has heightened scrutiny on opioid prescribing overall, leaving drug developers and
healthcare professionals to search for safer analgesic therapy without sacrificing effectiveness.

The recent development of atypical opioids is a partial response to that challenge [1]. Borrowing from the
principals of multimechanistic analgesia where two or more agents with complementary and synergistic
mechanisms of action are utilized, a new category of analgesic agents offers dual mechanisms of action in a
single molecule. There are a number of atypical opioids, perhaps the best known of which is buprenorphine,
which is active at multiple opioid receptors. This review will discuss tramadol, tapentadol, and
cebranopadol, which may be viewed as a progression of atypical single-entity opioids with dual mechanisms
of action. However, these three agents have some important distinctions.

The aim of this narrative review is to evaluate recent studies of these agents and whether these agents may
be considered safe, effective pain relievers in the population of chronic cancer and non-cancer pain patients,
for whom there are often no ideal analgesic agents. The objective is to determine if they present specific
advantages or disadvantages to these patients with their unique and atypical mechanisms of action.

Review
The agents
These three atypical opioids are synthetic small molecules offering mu-opioid receptor (MOR) agonism in
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combination with additional synergistic effects. All are available as oral analgesics and the two
commercially available products, tramadol and tapentadol, are offered in immediate-release (IR) and
extended-release (ER) formulations. Cebranopadol has not yet been commercially released in the market.

Tramadol, the oldest of these three agents, has become widely used in the United States for pain control,
with about 36.5 million prescriptions dispensed in the United States in 2018 [2]. The analgesic effect of
tramadol resides in its active metabolites, making it a prodrug [3]. The two pharmacologically active
enantiomers of tramadol each have active metabolites of their own: (+)-O-desmethyl-tramadol, (+)-
tramadol, and (-)- tramadol. The first two of these metabolites are MOR agonists and (+)-tramadol also
inhibits serotonin reuptake, while (-)- tramadol inhibits norepinephrine uptake [4]. The Drug Enforcement
Administration (DEA) lists tramadol as a Schedule IV controlled substance.

Developed in the late 1980s, tapentadol is sometimes unfairly portrayed as a newer version of tramadol [5].
Unlike tramadol, tapentadol has one enantiomer and is a direct-acting agent rather than a prodrug. Unlike
tramadol, tapentadol is not metabolized by the cytochrome-P (CYP) 450 enzymes [6]. Chemically,
tapentadol differs from tramadol in that tapentadol has opened the cyclohexane ring and replaced the
tertiary hydroxyl group. It has a more rapid onset of action than tramadol and offers greater nociceptive pain
control [6]. Like tramadol, it combines dual mechanisms of action in a single molecule: agonistic activity at
the MORs and inhibition of noradrenaline reuptake [7]. Tapentadol selectively binds to the MORs but with
an affinity about 44 times less than that of morphine, yet offering analgesia about two to three times less
than that of morphine because of its noradrenergic activities [8]. According to the DEA, tapentadol is a
Schedule II controlled substance.

The dual mechanisms of action of cebranopadol, a first-in-class atypical analgesic, combines MOR agonism
along with agnostic activity at the nociception/orphanin (NOP) FQ peptide receptors [9,10]. The NOP/FQ
receptors are the most recently discovered opioid receptors, representing the fourth such family along with
the mu, kappa, and delta receptors [11]. Cebranopadol may also be considered a partial agonist at the kappa-
opioid receptors [12]. At a molecular level, NOP is a 17-amino-acid polypeptide that is similar to typical
opioids [9]. The pharmacological activity of cebranopadol differs from those of typical opioids, and, for that
reason, may be more tolerable and confers less risk of respiratory depression [9]. Once-daily administration
of cebranopadol is possible in a small tablet, reducing the pill burden [13]. Since cebranopadol is not yet
approved for market release, it has not yet been scheduled by the DEA as a controlled substance,

Efficacy for chronic pain
Tramadol

Tramadol may be described as a centrally acting analgesic and a weak opioid, and there is evidence in the
literature that it may confers effective pain relief for some patients [14]. Tramadol may be considered a first-
line treatment for musculoskeletal pain syndromes [15]. An ER formulation was found to be significantly
more effective than placebo at reducing the moderate to severe chronic pain associated with osteoarthritis
[16]. However, many studies of tramadol are small. In a systematic review and meta-analysis of six trials
using tramadol for the treatment of chronic neuropathic pain, the number needed to treat (NNT) in order to
achieve ≥50% pain control was 4.4 (95% CI, 2.9 to 8.8) but there is only modest evidence that tramadol
confers an analgesic benefit in chronic neuropathic pain syndromes [17]. In fact, systematic reviews and
meta-analyses have found little high-quality evidence to support the role of tramadol monotherapy or
tramadol in combination with acetaminophen for osteoarthritis [18] or chronic low back pain (cLBP) [19],
although tramadol was rated better than placebo for pain control in cLBP. In a systematic review and meta-
analysis (two studies, n=672) it was found that weak opioids, including but not limited to tramadol, may be
effective analgesics for some rheumatoid arthritis patients, but these agents may have potentially
treatment-limiting side effects [20].

There is only limited and low-quality evidence for the use of tramadol in adult cancer pain patients [21]. In
fact, the role of tramadol as a weak opioid in oncologic pain control is unclear [22], and tramadol, like other
opioids, may have undesirable effects on immune cells [23]. Further research is needed, as these effects
appear to differ by specific opioid [23]. In a review of nine systematic reviews of cancer pain patients
(n=13,524), it was reported that 95% of cancer patients with moderate to severe pain who tolerate their
prescribed opioids (including but not limited to tramadol) will have mild to no pain after about 14 days of
treatment [24].

Tapentadol

For conventional analgesics, cLBP with a neuropathic component is a prevalent condition that remains
challenging to treat. In a study comparing prolonged-release (PR) tapentadol monotherapy 500 mg to a
combination treatment of PR tapentadol 300 mg plus pregabalin 300 mg, 288 patients with pain ≥6 at
baseline demonstrated significant improvements in neuropathic pain relief and health-related quality of life
at eight weeks, but the tapentadol monotherapy group had greater pain relief [25]. The rate of the composite
adverse event of dizziness and/or somnolence was significantly lower in the PR tapentadol-only group than
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in the group taking PR tapentadol combined with pregabalin (16.9% vs. 27.0%, p=0.0302) [25]. In a sub-study
of those patients with severe pain levels who responded well to PR tapentadol 300 mg, defined as having a
pain score <4 during the titration phase, these responders were then administered PR tapentadol 300 mg/day
over eight weeks in an open-label continuation study and the responders continued to experience
significant improvements in neuropathic pain control, health-related quality of life, and overall pain
control. Treatment-emergent adverse events occurred at a rate ≤5.1% in this study [26].

Long-term pain control can be challenging to offer as pain medications can become less effective over time
or tolerability issues may arise. ER tapentadol was evaluated for use of three months or more in patients
with moderate to severe musculoskeletal pain in a systematic review of four studies (n=4,094) [27]. ER
tapentadol was found to reduce pain intensity when compared to placebo or the active comparator
oxycodone and ER tapentadol had a more favorable tolerability profile than oxycodone [27]. Long-term
efficacy of ER tapentadol was evaluated in a one-year, open-label extension study that followed several
controlled trials (n=1,154) comparing ER tapentadol to oxycodone for knee pain associated with
osteoarthritis or LBP [28]. Following dose titration, patients received ER tapentadol (100 to 200 mg twice
daily) for a year. Mean pain at baseline was mild (3.9 on a 0-10 scale) and was maintained throughout the
study (mean pain 3.7 at endpoint) [28].

These studies for cLBP, osteoarthritis, and musculoskeletal pain found that there was intersubject variability
with respect to tapentadol response. Response stratification for any analgesic therapy is challenging but
offers great potential to optimize pain control. In an open-label retrospective study of cLBP patients taking
tapentadol, demographic characteristics failed to show any predictive value, but various metrics about pain
intensity, pain characteristics, and the presence of neuropathic pain could be used to predict response,
suggesting that response stratification algorithms might be possible [29].

Using the painDETECT instrument to identify a neuropathic component in 196 severe cLBP patients, a 12-
week open-label study was conducted using PR tapentadol, titrated to individual patients, but with a
maximum daily dose of ≤500 mg with IR tapentadol 60 mg available for rescue analgesia during titration no
more than twice daily [30]. In the maintenance phase, PR and IR tapentadol daily doses combined were ≤500
mg. In fact, at Week 6 of the study, the mean total daily dose (TDD) of tapentadol was 311.2 mg. Pain
decreased 2.8 points on a 0-10 scale from baseline at 12 weeks overall. In patients with a neuropathic pain
component, pain intensity decreased 3.0 compared to a decrease in 2.4 points in those without [30]. The
painDETECT instrument allows for a possible 38 point score if pain has a neuropathic component, so
reduction of three points is not considered a substantial improvement.

Chronic neck pain is a prevalent condition, but there are a paucity of studies addressing appropriate
treatment. In a study of 94 adults with severe neck pain refractory to step III opioid treatment, patients were
administered 100 mg/day of PR tapentadol and then doses were titrated in 50 mg increments to a maximum
dose of 500 mg/day. At the end of four weeks, 70% of patients had ≥30% improvement in pain and there were
significant functional improvements as well based on the Neck Disability Index [31]. In a study of 54 patients
with moderate to severe neck pain, ER tapentadol at doses starting at 100 mg/day and titrated (mean dose
204.5 mg/day) found that neuropathic pain decreased from being present in 70% of patients at baseline to
23% at 12 weeks. Neck Disability Index scores showed significant improvement and patients had
significantly greater range of motion at 12 weeks [32].

Painful diabetic polyneuropathy is challenging to treat. A study of adults with moderate to severe pain
associated with diabetic peripheral neuropathy allowed 318 patients to enter a three-week titration period
when they received ER tapentadol 100 mg to 250 mg twice a day [33]. Those who responded, defined as
achieving at least a one-point reduction in the 0-10 pain scale, then entered a 12-week study period where
they were randomized to receive ER tapentadol at their optimal titrated dose or placebo. The average pain
intensity at baseline was 7.33, decreasing to a mean of 4.16 at the end of the titration period (Week 3). At the
end of 12 weeks, placebo patients had a mean pain score of 2.43 and ER tapentadol patients 2.04 (p<0.001)
[33]. In a study of 24 patients with painful diabetic polyneuropathy, patients were randomized to sustained-
release (SR) tapentadol (average dose 433 mg/day) or placebo for four weeks [34]. Prior to starting the study,
patients were tested using two pain tests based on experimental pain: the conditioned pain modulation
(CPM) and offset analgesia (OA). The CPM test measures endogenous pain modulation [35,36], while the OA
test records the endogenous analgesic response to a noxious heat stimulus [37,38]. OA corresponds with
activation of specific regions of the brain involved in the central modulation of pain [39]. No patient had
significant CPM or OA results at baseline. After four weeks, CPM was activated significantly in the
tapentadol group as these tapentadol patients experienced significant analgesic benefits. CPM changed from
9.1 at baseline to 4.3 (placebo patients) and to 24.2 (SR tapentadol patients), p<0.001. Likewise, pain relief
was significantly superior in the SR tapentadol group than placebo (p=0.028). Neither placebo nor tapentadol
had any effect on the OA scores [34]. Since descending pain pathways can modulate pain signals by
inhibiting or amplifying them, this CMP-related effect may be of particular importance [40]. An imbalance
between normal inhibition and amplification of pain signals may be at the root of many chronic painful
conditions [41-44]. Following this line of reasoning, tapentadol would act first at the MORs and then inhibit
neuronal norepinephrine reuptake [45] and, in that way, activate descending inhibitory pain pathways.
However, CPM testing has known limitations: it is less effective in women and older adults, both of whom
compose a large proportion of the chronic pain population [46,47]. On the other hand, OA occurs when pain
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processing is temporarily altered, resulting in a short-lived endogenous analgesic response and diabetic
polyneuropathy patients may have dampened OA responses to begin with [37,38]. 

Tapentadol has been shown in some studies to be an effective analgesic for cancer pain, but prospective
studies to date have been small [48]. In a systematic review and meta-analysis, cancer pain patients
(n=1,029) taking tapentadol to manage cancer pain were evaluated and, although evidence was generally
low quality, it was reported that tapentadol was similarly effective compared to oxycodone or morphine and
with a similar rate of adverse events [49].

Cebranopadol

Cebranopadol is the newest of these agents and has not yet been cleared for market release. In a placebo-
controlled study of patients with moderate to severe cLBP, cebranopadol was administered at doses of 200,
400, and 600 mcg with PR tapentadol 200 mg twice daily as comparator [50]. At 12 weeks, patient response,
defined as ≥50% pain reduction, was achieved by 36.5%, 40.6%, and 38.9% of cebranopadol 200, 400, and 600
mcg patients, respectively, compared to 34.8% of PR tapentadol 200 mg twice daily patients and 27.5% of
placebo patients. The total number of patients who reported a treatment-emergent adverse event were
68.2%, 60.2%, and 71.4% of cebranopadol 200, 400, and 600 mcg patients compared to 68.8% of PR
tapentadol and 54.2% of placebo patients. The most frequently reported adverse events with cebranopadol
were dizziness and nausea [50].

In a non-randomized open-label single-arm study, cancer patients with moderate to severe pain who had
previously been treated in a double-blind clinical trial comparing PR morphine to cebranopadol entered a
26-week phase and were treated with cebranopadol at doses ranging from 200 to 1000 mcg per day [51].
Cebranopadol provided effective pain control [51].

Safety
Tramadol

Tolerance may develop with tramadol and its analgesic effect is limited as it is a weak opioid [2]. A
retrospective study in Europe examined records of people ≥50 years with no history of hip fracture, cancer,
or OUD, and created five sequential propensity-score-matched cohorts of patients who took tramadol,
codeine, naproxen, ibuprofen, celecoxib, and etoricoxib. The primary endpoint was incident hip fracture at
one year. In all cohorts, tramadol was associated with a higher risk of hip fracture than codeine or the non-
steroidal anti-inflammatory drugs (NSAIDs) [52]. In a database study of 88,902 osteoarthritis patients ≥50
years, mortality rates were higher for tramadol patients than for patients taking diclofenac, naproxen,
celecoxib, etoricoxib, or codeine. Tramadol was associated with higher all-cause mortality incidences than
the NSAIDs but it was similar to that of codeine [53].

In an overview of Cochrane reviews about safety and tolerability of opioids (including but not limited to
tramadol) for treating chronic non-cancer pain in adults, the absolute rate of any adverse event in placebo-
controlled studies was 78% with an absolute event rate of 7.5% for a serious adverse event [54]. Tramadol
has been associated with the classic opioid-related adverse events such as somnolence, nausea, vomiting,
dizziness, constipation, pruritus, and others.

In a study of 21 healthy adult subjects taking both pregabalin and tramadol concurrently, no clinically
relevant drug-drug interactions were reported and both drugs were well tolerated [55]. Patients received
four-day courses of treatment: pregabalin 150 mg twice daily; ER tramadol 200 mg mornings and 100 mg
evenings; concurrent use of 150 mg and 200 mg ER tramadol; and 150 mg pregabalin mornings and 100 mg
ER tramadol evenings [55].

Tramadol has been associated with seizures but usually at supratherapeutic dose ranges [2]. Since
cytochrome P-450 (CYP450) 2D6 metabolizes tramadol, there are phenotypic groups who appear to
metabolize the drug extensively, ultra-rapidly, poorly, or somewhere in the middle [56]. The serotonin
reuptake inhibition properties of tramadol are associated with seizures and tramadol should not be taken
concurrently with selective serotonin reuptake inhibitors or tricyclic antidepressants, which may produce an
overabundance of circulating serotonin resulting in serotonin toxicity or so-called “serotonin syndrome”
[57]. These metabolizer categories may help explain why certain individuals and certain genetic groups are
more prone to seizures. In a study of 1,480 men, tramadol-induced seizures occurred in 7% of patients
(n=103) [58]. In preclinical studies, the dose of tramadol does not appear related to seizures, although in
humans, only supratherapeutic doses of tramadol are associated with seizures [59]. In a study of 28 adults
who had a history of tramadol use and seizures, tonic-clonic seizures occurred most often in the first 24
hours after drug intake and were more frequent when individuals were concurrently consuming alcohol,
illicit drugs, antipsychotic drugs, or antidepressants [56].

Serotonin syndrome occurs as a result of build-up of serotonin (5-hydroxytryptamine or 5-HT) at the 5-HT
receptors, capable of producing changes in mental status, autonomic hyperactivity, and neuromuscular
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symptoms. Other serotonin syndrome symptoms may include restlessness, anxiety, disorientation, clonus,
muscle rigidity, tremor, hypertension, tachycardia, hyperthermia, and shivers [3]. Ranging in severity from
mild to potentially fatal, serotonin syndrome has been observed in patients of all ages. The decarboxylation
and hydroxylation of tryptophan produces 5-HT, which has binding affinity to at least seven different
receptors, of which 5-HT1-A and 5-HT2-A are the most closely associated with serotonin syndrome [60].
Drugs such as tramadol that affect serotonin uptake, metabolism, synthesis, release, and other activities as
well as drugs that may interfere with CYP450-2D6 and 3A4 metabolism can result in serotonin syndrome [3].

In the United States, the misuse and abuse of tramadol is less than that for hydrocodone and oxycodone [61].
Tramadol misuse is prevalent in other parts of the world, such as Iran [62] and parts of Africa [63]. In fact,
tramadol is an emerging drug of abuse in many developing nations [64].

Tapentadol

In several comparative studies, tapentadol was found to be associated with adverse events similar to classic
opioid-associated adverse events, but with a somewhat lower incidence of gastrointestinal side effects
(nausea, vomiting, opioid-induced constipation) [65,66].

Using controlled-release (CR) oxycodone as the comparator drug, PR tapentadol was evaluated in a placebo-
controlled clinical trial with 990 knee osteoarthritis patients [67]. After a three-week titration period,
patients entered a 12-week maintenance period and the primary endpoint was the change in pain intensity
score from baseline to the end of the maintenance period. The two active agents failed to achieve this
endpoint (no significant decrease in pain). However, more PR tapentadol patients (58.3%) completed the
study than oxycodone patients (36.6%) and tapentadol had a lower rate of constipation than oxycodone
(17.9% vs. 35%) and nausea and/or vomiting (23.8% vs. 46.8%), p<0.001 for both [67].

In a study of 63 knee osteoarthritis patients with severe chronic pain administered PR tapentadol 50 mg to
250 mg twice daily over a five-week titration period followed by a seven-week maintenance period and using
IR tapentadol as rescue analgesia, the response rate was 94.3% and pain decreased significantly from
baseline to 12 weeks [68]. Adverse events decreased over time and 9.5% of patients withdrew from the study
because of side effects. This study had to be terminated early because of poor enrollment and shortages of
the study drug [68].

In a post-hoc pooled analysis of three randomized controlled trials of ER tapentadol (100 mg/day to 250
mg/day) for control of chronic knee pain associated with osteoarthritis, those patients with diagnosed
hypertension prior to treatment (n=1,464) did not have clinically important changes in heart rate or blood
pressure while taking ER tapentadol [69].

Tapentadol is not associated with serotonin syndrome but serotonin syndrome may occur when it is taken
with other drugs that may lead to serotonin toxicity [70]. In fact, the opioid properties of tapentadol were
believed to have masked the signs and symptoms of serotonin syndrome in one case report [71]. Tapentadol
toxicity has been reported in the literature with such serious adverse events as respiratory depression,
confusion, coma, seizures, and death, but these cases were not serotonin syndrome and the toxic potential
of tapentadol is considered less than that of oxycodone or other typical opioids [72].

Tapentadol has a lower affinity for the MOR than other opioid analgesics, which suggests it has less abuse
potential than typical opioids, such as morphine, hydromorphone, oxycodone, and others. In a retrospective
study, it was found that the odds of abuse with tapentadol were 65% lower than those of oxycodone [73].

Cebranopadol

In the first human study of analgesic efficacy of cebranopadol, 641 cLBP patients were treated for 14 weeks
with 200, 400, or 600 mcg of cebranopadol daily; tapentadol 200 mg twice daily; or placebo [50]. Treatment-
emergent adverse events occurred in 80.4% of patients (83.1%, 84.3%, and 89.8% in the cebranopadol 200,
400, and 600 mcg arms, respectively) compared to 79.4% in the tapentadol and 65.1% in placebo groups [50].
The most frequently reported adverse events among cebranopadol patients were dizziness, nausea,
somnolence, vomiting, constipation, fatigue, headache, and hyperhidrosis [50].

In a preclinical murine study, it was reported that the so-called “therapeutic window” between pain relief
and respiratory depression was longer for cebranopadol than fentanyl, and this has been attributed to the
NOP/FQ receptor activity of cebranopadol [74]. It has been suggested that cebranopadol has less potential
for tolerance and dependence than typical opioids [75]. The abuse potential of cebranopadol was evaluated
among 42 non-dependent recreational opioid users who were administered seven treatments (200, 400, 800
mcg of cebranopadol; 8 mg and 16 mg hydromorphone; and placebo) and measured “drug liking” on a visual
analog scale at the point of peak effect [76]. Cebranopadol 200 mcg and 400 mcg had similar liking scores as
placebo. At 800 mg, cebranopadol was “liked” similarly to hydromorphone 8 mg but less than
hydromorphone 16 mg. No serious adverse events occurred [76].
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In a non-randomized, open-label, 26-week clinical trial using oral cebranopadol to treat cancer pain, 84% of
patients had at least one treatment-emergent adverse event and the most frequently observed were
asthenia, malignant neoplasm progression, and reduced appetite [51].

Head-to-head clinical trials
Tramadol

An eight-week, randomized, double-blind, double-dummy, active-controlled, non-inferiority study (n=280)
compared the safety and effectiveness of transdermal buprenorphine to SR tramadol in patients with
moderate to severe musculoskeletal pain [77]. Patients were randomized to the buprenorphine group (5, 10,
and 20 mcg/h patches, maximum dose 20 mcg/h) or SR tramadol 100 mg tablets, maximum 400 mg/day.
Using the least squares mean difference in the change from baseline pain scores, the difference between the
buprenorphine patch and tramadol arms were 0.45, which indicated that the patch was not inferior to SR
tramadol. The rate of adverse events was similar between groups [77].

ER tramadol 200 mg was compared to modified-release (MR) flupirtine 400 mg and placebo in a four-week
study of moderate to severe cLBP [78]. Flupirtine is a centrally acting analgesic agent that blocks glutamate
N-methyl-D-aspartate (NMDA) receptors [79]. As such, flupirtine is neither an opioid nor a nonsteroidal
anti-inflammatory drug. Flupirtine is approved in Europe, but not in the United States or Canada. This study
found both treatments provided comparable pain control that was significantly superior to that of placebo.
Significantly fewer flupirtine patients suffered from a treatment-emergent adverse event than the tramadol
group (p=0.039) [78].

Tapentadol

Companion placebo-controlled studies compared IR tapentadol (50 or 75 mg) to IR oxycodone
hydrochloride (10 mg) for efficacy in treating acute and chronic pain as well as tolerability [80]. Patients
(n=589) had end-stage joint disease and were treated with the IR formulation for the first two weeks, then
the ER formulation of the same drug or placebo for the next 28 days. Tapentadol had greater tolerability with
respect to gastrointestinal symptoms and was similarly efficacious at relieving pain compared to oxycodone
[80].

When compared to CR oxycodone, PR tapentadol over one year showed both agents provided adequate
analgesia for moderate to severe knee or hip pain associated with osteoarthritis with similar rates of
treatment-emergent adverse events (85.7% for tapentadol and 90.6% for oxycodone patients) [81]. More CR
oxycodone patients discontinued the study treatment than PR tapentadol patients (36.8% vs. 22.1%,
respectively) [81].

In a comparative trial of ER tapentadol (100 to 500 mg/day) or SR morphine (20 to 140 mg/day), cancer pain
patients were all converted to ER tapentadol and 84.0% of patients maintained or had improved pain control
in the first week of conversion [65]. Furthermore, gastrointestinal side effects were less with ER tapentadol
than SR morphine [65].

In a study of cancer pain, 496 patients were randomized and then titrated to their optimal dose of PR
tapentadol (100 to 250 mg twice daily) or CR morphine sulfate (40 to 100 mg twice daily) with rescue
medication available in the form of IR morphine 10 mg (no maximum dose) [82]. Of the cohort, those who
completed the four-week titration with a mean pain level of <5 in the final three days of titration and the
mean use of rescue analgesics ≤20 mg/day then entered a four-week maintenance phase. Morphine patients
continued on morphine, but PR tapentadol patients were randomized again with some remaining on PR
tapentadol and others receiving placebo. Responders were defined as those who took 20 mg or less rescue
medication a day, had a mean pain intensity of <5, and completed the maintenance portion of the trial. PR
tapentadol patients had a response rate of 76.0% compared to 83.0% for morphine, which indicated that PR
tapentadol was non-inferior to morphine. Treatment-emergent adverse events were higher with morphine
(63.9%) than with PR tapentadol (50.0%) and placebo (56.3%) [82].

Cancer patients treated for pain (n=343) compared ER tapentadol to CR oxycodone and reported that
tapentadol analgesia was non-inferior to that of oxycodone and the rate of adverse events (87.5% vs. 90.1%
for tapentadol and oxycodone, respectively) were statistically similar [66]. However, tapentadol was
associated with a lower rate of gastrointestinal side effects than oxycodone [66].

Cebranopadol

In a study of multiple doses of cebranopadol and PR morphine in 126 cancer patients, cebranopadol was
noninferior to PR morphine for pain control and treatment-emergent adverse events were similar (83.1% for
cebranopadol versus 82.0% for PR morphine) [13]. The dose ranges of cebranopadol in this study were 200 to
1,000 mcg per day [13].
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Conversion of these three agents
In some situations, clinicians may wish to rotate patients from one of these single-entity molecules to
another or from one formulation to another. The potential of converting IR tapentadol to ER tapentadol and
vice versa was evaluated in a multicenter study of 88 patients with moderate to severe cLBP [83]. Patients
were administered IR tapentadol 50, 75, or 100 mg every four to six hours up to a maximum TDD of 500 mg
for three weeks to help identify the optimal daily dose for each individual. Patients were then randomized
and entered a two-week double-blind phase in which they received their optimal IR tapentadol dose or ER
tapentadol 100, 150, 200, or 250 mg that was deemed as close as possible to their optimal IR tapentadol
dose. At two weeks, patients crossed over: IR tapentadol patients received ER tapentadol and vice versa. The
mean pain intensity on a 0-10 scale during the final three days of each test phase served as the study
endpoint. Pain intensity overall decreased from 7.3 at baseline to 4.2 after three weeks and remained
relatively constant throughout the study. At the end of the study, IR tapentadol patients had a mean pain
score of 3.9 while ER tapentadol patients had 4.0 (95% CI, -0.09 to 0.28) The median TDD of both
formulations was 300 mg; rescue acetaminophen was used by 39.5% of IR and 45.2% of ER tapentadol
groups. Treatment-emergent adverse events occurred at similar rates between groups. Thus, conversion of
IR to ER and ER to IR tapentadol was safe, effective, and well tolerated [83].

Conversion from tramadol to tapentadol was reported in cancer patients who were transitioned directly to
PR tapentadol from tramadol with ~70% achieving improved analgesic benefit with similar tolerability [84].
In a multicenter, controlled, double-blind study of 338 cancer patients, all patients were treated with
tapentadol for pain control [84]. Of that cohort, 129/338 had been previously treated with tramadol within
three days of randomization. Among responders, defined as those who achieved a pain rating of <5 on a 0 to
10 scale, the tramadol>tapentadol group had 69.8% versus the tapentadol group only, which had 63.9%
responders. This study reported that cancer patients taking tramadol for pain could be effectively converted
to tapentadol for pain control [84]. Non-cancer pain patients treated with tramadol but finding pain control
inadequate can also be successfully transitioned to tapentadol [85].

In an open-label study of PR tapentadol (50 to 250 mg twice daily) for treatment of severe cLBP, patients
were switched from previous typical opioid analgesic regimens to tapentadol, titrated over a period of five
weeks, and then maintained for seven weeks [86]. Rescue analgesia was available in form of IR tapentadol 50
mg (up twice daily, four or more hours apart and not to exceed a TDD of PR and IR tapentadol of 500
mg/day). The endpoint was the percentage of patients who had a pain intensity score at Week 6 that was
equal to or lower than their pain score at Week 1. The endpoint was met by 80.9% of subjects, significantly
more than the null hypothesis (p<0.0001). This demonstrated PR tapentadol offered comparable if not better
pain control than other opioid treatments [86].

Conclusions
Tramadol, tapentadol, and cebranopadol may be considered atypical opioids in which dual mechanisms of
action are present in a single molecule. These agents combine the analgesic efficacy of typical opioids with
the promise of lesser abuse potential and greater tolerability. Their role in chronic pain control appears to be
promising as they are effective pain relievers and appear to be at least as safe and tolerable as typical opioids.
Tramadol is often used as first-line treatment of musculoskeletal pain while tapentadol is used for cancer
pain, osteoarthritis, and other chronic pain conditions. Cebranopadol, which is not yet market released, is a
first-in-class atypical opioid that has been effective in treating moderate to severe cLBP as well as cancer
pain. These are important new agents in the analgesic armamentarium.
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