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Objective: The aim of this study was to establish a pharmacodynamic model of
tapentadol analgesia under dose titration conditions, to quantitatively analyze
the time-effect relationship of the drug, and to identify relevant influencing
factors. This model is intended to provide a pharmacodynamic reference for
designing rational tapentadol dose titration schemes in clinical research.
Methods: Randomized controlled trials assessing the efficacy of tapentadol in
the management of chronic pain were retrieved from public databases
(PubMed and EMBASE). A time-effect relationship model of the percent
change in Numerical Rating Scale (NRS) scores post-tapentadol intervention
from baseline was constructed, along with a covariate model to identify
factors significantly impacting the analgesic effects of tapentadol. Potential
influencing factors that were clinically significant but not included in the final
covariate model were examined for their impact trends on tapentadol
analgesia through subgroup analysis.

Results: A total of 16 studies involving 4,508 participants were included in
the analysis. Covariate analysis indicated that age significantly affected the
maximum reduction in NRS scores following tapentadol treatment, with the
reduction rate being 40.9% for patients aged 45 and 60.7% for those aged 65,
suggesting that older patients have a higher demand for pain relief.
Furthermore, studies published after 2014 and placebo-controlled trials
showed a slower rate of NRS reduction, indicating a more cautious approach
to tapentadol dosing titration post the U.S. opioid crisis and in placebo-
controlled contexts. Additionally, subgroup analysis suggested that higher
titration doses, higher baseline NRS levels, the use of extended-release
tapentadol, and a smaller proportion of male participants were trends
associated with better analgesic effects, although the differences were not
statistically significant. Moreover, the study found that tapentadol was
significantly more effective in treating lower back pain compared to non-lower
back pain.
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Conclusion: This research successfully developed a pharmacodynamic model for
dose-titrated tapentadol administration, which can simulate the temporal changes
in analgesic effects of tapentadol across different clinical scenarios. This model can
guide the formulation of dosing titration protocols for tapentadol in clinical research.

Systematic Review Registration: https://inplasy.com/inplasy-2024-5-0014/
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Introduction

Chronic pain, characterized by prolonged pain persisting beyond
the typical healing period or for over three to six months, impacts
approximately 20%-30% of adults worldwide. Symptoms are varied
and complex, encompassing persistent or intermittent pain—often
described as shooting, burning, aching, or electrical—along with
associated fatigue, sleep disturbances, reduced appetite, and mood
changes such as depression and anxiety (1). The condition poses a
considerable socio-economic challenge, affecting individual quality
of life and leading to significant societal costs due to healthcare
expenditures and lost productivity. For instance, in the United
States, the estimated annual cost of chronic pain ranges from $560
billion to $635 billion (2). Management of chronic pain currently
necessitates personalized, multi-modal, and interdisciplinary
approaches, including pharmacological treatments, acupuncture,
and potentially surgical interventions (3).

Opioids are one of the longstanding keystones in chronic pain
management, functioning by binding to opioid receptors in the
brain, spinal cord, and elsewhere, consequently diminishing pain
perception (4). They exhibit efficacy in managing severe and
various types of pain, including cancer-related, postoperative, and
chronic non-cancer pain. Despite their effectiveness, opioids
carry significant side effects such as constipation, nausea,
sedation, and respiratory depression. Prolonged use may result in
tolerance, necessitating higher doses for equivalent pain relief,
and can lead to physical dependence (5).

Tapentadol, a centrally acting opioid analgesic belonging to the
benzenoid class, exhibits a dual mode of action. It functions as both
an agonist of the y-opioid receptor and a norepinephrine reuptake
inhibitor (NRI) (6). Its dual action enhances its effectiveness in
relieving moderate to severe pain in both acute and chronic
musculoskeletal conditions, such as those resulting from injuries,
surgeries, and long-term degenerative diseases. With a potency
that lies between that of tramadol and morphine, tapentadol
stands out due to its analgesic efficacy, which is comparable to
that of oxycodone (7). Notably, it achieves this level of efficacy
while causing fewer side effects, making it a potent and relatively
safer choice for pain management (8).

Despite its FDA approval over a decade ago and a robust
clinical profile, several practical issues concerning the
application of tapentadol have yet to be resolved. Tapentadol is
administered as a titrated dose, with daily dosages ranging
from 50 to 500 mg, which should be adjusted until the
patient’s pain becomes tolerable (9). Determining the precise
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titration to an appropriate dose for a patient within such a broad
range is a common concern for clinicians. Moreover, patients of
different ages and those with pain in various anatomical locations
exhibit divergent tolerances to pain and thus may require different
dosages, necessitating further clarification (10, 11). Additionally,
tapentadol is available in immediate-release and extended-release
formulations (12). These factors can significantly impact the dose-
Further
clarification are needed to optimize the use of tapentadol in clinical

adjustment strategies for tapentadol. research and
practice and improve patient outcomes.

This study is designed to develop a clinical pharmacodynamic
model for tapentadol, utilizing a comprehensive analysis of existing
literature to accurately delineate the drug’s therapeutic profile in
clinical settings. The resulting model will establish a reference
standard to inform the clinical titration process for tapentadol
dosages. Furthermore, the investigation will focus on identifying
of factors that affect the drug’s efficacy, with the goal of
providing a well-founded framework to enhance the precision of

tapentadol dosing strategies.

Methods
Research criteria and eligibility

The methodology employed for this study involved a
systematic search of randomized controlled trials (RCTs)
related to the management of chronic pain using tapentadol.
The search was performed in the publicly accessible databases
of PubMed and EMBASE, with the search timeline extending
up to September 30, 2023. The specific search strategy
employed, including search terms and their combinations, is
thoroughly documented in the Supplementary Section of this
paper. The process of literature selection, data extraction, and
analysis in this study strictly adheres to the protocols
delineated in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines, ensuring the
transparency and reproducibility of our research.

The primary outcome measure in this study was the reduction
in the Numerical Rating Scale (NRS) from baseline. The inclusion
criteria were as follows: (1) Randomized controlled clinical trials
(RCTs); (2) Studies where tapentadol monotherapy was used as
the treatment; (3) Studies involving subjects experiencing various
types of chronic pain and diagnosed as functional capacity levels
I-1II; (4) Studies that reported NRS scores at specific time points
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for chronic pain; (5) Studies involving participants aged 18 years
or older.

The exclusion criteria included the following: (1) Studies
involving subjects without a washout period before enrollment.
Since tapentadol is primarily used as a second-line treatment,
participants typically have received other opioid treatments
before joining the study. Without a washout period, previous
medications could potentially affect the efficacy assessment of
tapentadol; (2) Cancer pain research; (3) Studies where chronic
pain was not accompanied by reported NRS baseline values;
(4) Studies design; (5)
Crossover study designs that did not report data from the first
(6) Studies with
psychiatric disorders.

using a randomized withdrawal

cycle; involving subjects concurrent

Data extraction and quality assessment

Data extraction for this study was performed using Microsoft
Excel (version 16.38). The extracted data encompassed several
categories: (1) Basic literature information, including authors,
year of publication, and clinical trial registration number; (2)
Trial details such as the formulation and dosage of tapentadol,
the etiology of pain, sample size, trial duration, the use of
blinding and placebo control; (3) Participant characteristics,
which included the mean age, gender ratio, and baseline NRS
score; (4) Outcome measures, specifically the change in NRS
score from baseline at each visit. To ensure the accuracy and
reliability of the data extraction process, it was independently
conducted by two researchers. Any discrepancies between their
findings were resolved through discussion with a third researcher.
Graphical data were extracted using Engauge Digitizer software
(version 4.1). If the extraction error between the two researchers
exceeded 2%, the data in question were re-extracted, and the
average value of the two extracts was used for further analysis.

The risk of bias (RoB) for each included randomized
controlled trial (RCT) was independently examined by two
). This tool,
specifically the RoB2_IRPG_beta_v9.xlsm, was employed to

researchers utilizing the Cochrane RoB2 tool (

assess potential bias in five key areas: the randomization

process, deviation from intended interventions, missing
outcome data, measurement of the outcome, and selection of
the reported result. The RoB for each category was designated
as “low” if there was a low risk of bias, “high” if there was a
high risk of bias, or “unclear” if there was insufficient
information or uncertainty about potential bias. In the event of
discrepancies in the RoB2 assessments between the two primary
researchers, a third researcher was consulted to review the

assessments and make the final decision.

Model establishment and evaluation
A time-effect model was developed using the change in NRS

from baseline as the efficacy indicator. Influencing factors such
as dosage, formulation, administration frequency, baseline NRS
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values, male ratio, and year of publication (before or after 2014)
were considered, along with whether a placebo control was used.
The year 2014 was a critical turning point in the U.S. opioid
crisis, characterized by a significant increase in overdose deaths,
heightened media attention, proactive interventions from
governmental and regulatory bodies, and the beginning of legal
challenges against pharmaceutical companies. In response to the
crisis, the FDA implemented numerous warnings and updated
guidelines that emphasized the need for clearer medication
labeling. These concerted efforts increased public awareness of
the risks associated with opioids and enhanced strategies to
address the crisis. This, in turn, influenced the methodologies
used in subsequent clinical research (14-16).

This model quantified the relationship between the change in
NRS from baseline and time, and examined the influencing factors.

Detailed methods are available in the

Characteristics of the selected studies

A total of 223 articles were retrieved, of which 16 articles
(representing 7.2% of the total) were included in the final analysis.
These articles comprised 22 treatment arms involving 4,508
participants treated with tapentadol. All the trials were designed
using dose titration. The mean age of the participants ranged from
41.4 to 65.5 years (with a median of 584 years), and the male
proportion varied from 36% to 59% (with a median of 42.4%).
The average BMI of the participants ranged from 25.2 to 33.6 kg/m*
(with a median of 31.1 kg/mz), and the baseline NRS scores of
the participants ranged from 3.9 to 8.4 (with a median score
of 7.5). The specific literature screening process can be found
in , and the included studies and their demographic
characteristics are provided in the .

The results of the literature quality assessment indicated that
four studies were deemed to present a “high” risk, two studies
were judged to have a “medium” risk, and 14 studies were
considered to bear a “low” risk. Detailed assessments of the
literature quality can be found in the

Modelling results

The estimated values of the final model parameters are shown
in . Covariate analysis revealed that age significantly
influenced the parameter E,., while the year of publication
(before or after 2014) and the use of a placebo control
significantly affected the parameter ETs,. The expression for the
final covariate model can be seen in , 2. Specifically,
when the age of the participant was 59 years, the maximum
reduction in the NRS from baseline following tapentadol
intervention was 56.7%. For participants aged 45 and 65 years,
the maximum reductions in the NRS from baseline post-
tapentadol intervention were 40.6% and 63.7%, respectively. The
latter represented a 23.1% higher reduction compared to the
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FIGURE 1
Flowchart of literature screening.

TABLE 1 Model prediction parameters and bootstrap results.

Estimate Bootstrap
(RSE%) (924/1,000)

Fixed effect
0 (Emax) —56.7 (5.9) —56.41 (—62.45, —51.55)
0 (ETsg, week) 0.984 (13.9) 0.99 (0.63, 1.34)
0 (ublished after 2014 on 1.74 (35.8) 1.73 (0.33, 3.15)
ETs50)
6 (Placebo on ETsp) 1.19 (21.0) 1.17 (0.47, 1.92)
6 (Age on Epyy) 121 (31.2) 1.27 (0.23, 2.20)
Inter-study variability
0 (Emax %) 13.8 (15.2) 12.3 (8.5, 17.6)
7 (ETsq, %) 28.7 (30.2) 24.8 (0, 42.0)
Residual error
€% 118.7 (11.3) ‘ 119.3 (88.4, 142.9)

A 1,000 bootstrap repeated sampling was used for internal verification, and 924 parameter
estimations were successful. By analyzing the 924 results, the median parameter estimation
obtained by bootstrap was consistent with that of the original dataset.

former. When the year of publication was before 2014 (i.e., PY=0
in Equation 2) and the trial was not placebo-controlled (i.e.,
Placebo=0 in Equation 2), the ET5, value was 0.984 weeks.
When the year of publication was after 2014 (ie, PY=1 in
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Equation 1), the ETsy value for tapentadol extended by 1.71

weeks. In placebo-controlled trials (i.e., Placebo=1 in

Equation 2), the ETsq value for tapentadol extended by 1.19 weeks.

Age 1.21

ETso = 0.984 x (1 + 1.74 x PY) + 1.19 x PLACEBO

1

@)

The final model exhibited a robust goodness-of-fit without an
evident bias, as shown in the supplementary. An internal
validation was conducted utilizing 1,000 iterations of bootstrap
resampling, which resulted in successful parameter estimation in
924 iterations. Upon analyzing the results from 924 iterations, it
was found that the median of the parameter estimates derived
from the bootstrap was in alignment with the parameter
the dataset (Table 1). This
correspondence attests to the stability of the model parameter
estimation. The VPC results (Figure 2) revealed that the 95%
confidence interval (CI) of the model predictions encompassed

estimates  from original

the majority of the observed values, suggesting the model’s
strong predictive performance.
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Typical efficacy of tapentadol in trial
participants of different ages

Based on the final model, we simulated the change rate in NRS

-20

from baseline following tapentadol intervention for trial
participants at three age levels (45, 55, and 65 years). During the
simulation, the year of publication was fixed as post-2014, and
the trial design was set to placebo-controlled. Taking the age of

-40

55 years as an example, the change rates in NRS from baseline at
1 week, 4 weeks, 8 weeks, 12 weeks, and 16 weeks post-treatment
were 10.6%, 26.3%, 35.0%, 39.3%, and 41.8% respectively. These
represented 17.1%, 50.5%, 67.1%, 75.4%, and 80.2% of their E .«
value (52.1%). When the ages of the trial participants were 45,
55, and 65 years, the change rates in NRS from baseline at the

NRS changes from baseline (%)

-60

0 20 40
' 16th week were 32.8%, 41.8%, and 51.2% respectively (Figures 3a,d).
Time (week)
FIGURE 2
Visual inspection of final model. Model predicted 95% CI of . . .
tapentadol response, the solid line is the median value of Typlcal efﬁcacy of tapentadol for different
predicated data and the dotted lines are the model predicted 2.5th years of publication

and 97.5th percentiles of efficacy. The points represent the
observed data and the symbol size is proportional to the sample

size. NRS, Numerical Rating Scale; Cl, confidence interval. We simulated the change rate in NRS from baseline following

tapentadol intervention for studies published before and after 2014.

a Age =45 Published after 2014 °1 |l e Placebo controlled

Age =55 Published on or before 2014 Non-placebo controlled

I Age =65
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FIGURE 3

The typical predicted time course of tapentadol response. (a) lllustration of predicted typical values of NRS relative percentage change from baseline in
non-placebo controlled trials published before 2014 for subjects at different ages (45, 55, 65 years). (b) Typical value predictions of NRS relative
percentage change from baseline in non-placebo controlled trials with an average age of 59 years (median age in the literature) for publications
before and after 2014. (c) Typical value predictions of NRS relative percentage change from baseline in trials with an average age of 59 years and
published before 2014, comparing placebo-controlled and non-placebo controlled experiments. (d) Illustration of predicted typical values of NRS
change from baseline to Emax percentage in non-placebo controlled trials published before 2014 for subjects at different ages (e) Typical value
predictions of NRS change from baseline to Emax percentage in non-placebo controlled trials with an average age of 59 years, differentiating
publications before and after 2014. (f) Typical value predictions of NRS change from baseline to Emax percentage in trials with an average age of
59 years and published before 2014, comparing placebo-controlled and non-placebo controlled experiments.
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During the simulation, the age was fixed at 55 years, and the trial
design was set to placebo-controlled. For studies published before
2014, the change rates in NRS from baseline at 1 week, 4 weeks, 8
weeks, 12 weeks, and 16 weeks post-treatment were 16.4%, 33.7%,
41.0%, 44.1%, and 45.9%, respectively. These represented 31.4%,
64.7%, 78.7%, 84.6%, and 88.1% of their E,,,, value (52.1%). The
efficacy plateau for participants in studies published before 2014
appeared approximately at the 8th week. For studies published after
2014, the change rates in NRS from baseline at 1 week, 4 weeks, 8
weeks, 12 weeks, and 16 weeks post-treatment were 10.6%, 26.3%,
35.0%, 39.3%, and 41.8%, respectively. These represented 17.1%,
50.5%, 67.1%, 75.4%, and 80.2% of their E,, value (52.1%). The
efficacy plateau for participants in studies published after 2014
appeared approximately at the 16th week ( ,€).

Typical efficacy of tapentadol under
different trial designs

This study found that the design of placebo control
significantly impacts the efficacy of tapentadol. We simulated the
typical efficacy values of tapentadol under both placebo-
controlled and non-placebo-controlled conditions. During the
simulation, the age was fixed at 55 years, and the year of
publication was set as post-2014. In non-placebo-controlled
studies, the change rates in NRS from baseline at 1 week,
4 weeks, 8 weeks, 12 weeks, and 16 weeks post-treatment were
14.0%, 31.0%, 38.9%, 42.4%, and 44.5%, respectively. These
represented 26.9%, 59.5%, 74.7%, 81.4%, and 85.4% of their E .«
value (52.1%). The efficacy plateau for participants in non-
placebo-controlled studies appeared approximately at the 12th
week. In placebo-controlled studies, the change rates in NRS
from baseline at 1 week, 4 weeks, 8 weeks, 12 weeks, and 16
weeks post-treatment were 10.6%, 26.3%, 35.0%, 39.3%, and
41.8%, respectively. These represented 17.1%, 50.5%, 67.1%,
75.4%, and 80.2% of their E,, value (52.1%). The efficacy
plateau for participants in placebo-controlled studies appeared
approximately at the 16th week ( D).

Other potential influencing factors on the
efficacy of tapentadol

This study investigated the trend of other factors influencing the
efficacy of tapentadol, aside from covariates, through subgroup
analysis. In the subgroup analysis, the age of participants was
adjusted to 55 years, the year of publication was adjusted to post-
2014, and the trial design was adjusted to placebo-controlled to
eliminate the influence of heterogeneity at the covariate level on
the results of the subgroup analysis. The results showed that a
higher titrated doses of tapentadol, a higher baseline NRS level of
the subjects, a sustained-release formulation of tapentadol, and a
smaller proportion of male subjects tended to have better efficacy.
However, due to large variations, the differences were not
statistically significant. For example, at 24 weeks with other factors
controlled, the percentage change in NRS from baseline varied
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significantly across different conditions. Tapentadol doses below
175 mg resulted in a change of —48.9 (95% CI: —55.9 to —42.5),
while doses of 175 mg or greater showed a change of —52.6 (95%
CL: —59.3 to —46.4). Similarly, baseline NRS values below 7.36
led to a change of —48.7 (95% CIL: —58.9 to —39.9), compared
to —52.9 (95% CL —59.2 to —46.6) for values of 7.36 or higher.
Immediate-release (IR) formulations had a change of —48.7 (95%
CI: —54.2 to —43.5), whereas extended-release (ER) formulations
showed —54.6 (95% CI: —64.1 to —45.0). When the male ratio was
below 42%, the change was —52.8 (95% CL. —63.3 to —42.9),
vs. —49.6 (95% CI: —55.6 to —43.9) for a ratio above 42%.
Additionally, non-back pain resulted in a change of —41.2 (95% CI:
—43.6 to —38.8), compared to —53.1 (95% CIL: —58.7 to —47.7) for
back pain ( ). These variations underline the influence of
dosage, baseline severity, formulation, gender distribution, and type
of pain on the effectiveness of tapentadol. Moreover, we found
significant differences in the efficacy of tapentadol for different pain
locations. The efficacy of tapentadol for lower back pain was
significantly better than for non-back pain. For instance, at 52 weeks,
the NRS reduction rates for the two groups differed by about 15%.

The pharmacodynamic model developed in this investigation
offers a precise representation of tapentadol’s therapeutic efficacy
within a clinical context, and serves as a guide for the titration of
its dosage. Efficacy was assessed by measuring the reduction in
NRS scores from baseline, a reliable endpoint for quantifying
tapentadol’s analgesic impact. The data reveal that the maximal
NRS post-tapentadol
administration was 56.7%, indicating the peak demand for pain

observed  decrease  in scores
relief as gauged by this metric. Our analysis also demonstrated
a clear age-related decline in pain tolerance; specifically,
patients at the ages of 45 and 65 experienced maximum NRS
reductions of 40.9% and 60.7%, respectively. This trend may be
attributed to the age-related decline in endogenous analgesic
mechanisms and the diminished pain modulation capacity in
older adults,

increased incidence and intensity of chronic pain with age

factors that have been associated with the

(17). Moreover, the influence of age on the pharmacokinetics
and pharmacodynamics of analgesic drugs has been well-
documented, highlighting the critical need to factor in patient
age when prescribing tapentadol (18).

This study found that the onset of action for tapentadol
occurred approximately within one week, with patients achieving
50% of the maximum reduction rate in Numerical Rating Scale
(NRS) scores at this time point. Moreover, the study identified
that the year of publication and whether the study was placebo-
controlled significantly influenced the onset of action of
tapentadol. Specifically, research published prior to 2014 reported
an average onset time of approximately 0.984 weeks, compared
to 1.712 weeks for studies released after 2014. When examining
post-2014 studies, those without a placebo control initiated
action at 1.712 weeks, whereas placebo-controlled trials reported
a longer onset time of 2.902 weeks. This variation can be
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Typical values and 95% CI simulation of NRS relative percentage change from baseline across different daily doses, NRS baseline, formulations, gender
ratios, and disease types. The black curve represents the typical response of tapentadol, while the shaded area represents the 95% CI. The colors
differentiate different influencing factors. NRS, Numerical Rating Scale; Cl, confidence interval; IR, Immediate release; PR, prolonged release
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attributed to tapentadol’s dosing regimen, which involves titration;
hence, the onset time is inherently linked to both the dosage
amount and the titration pace. After 2014, clinical trials
involving tapentadol saw a deliberate reduction in dosing and a
more gradual approach to titration. Placebo-controlled studies
necessitate careful titration to avoid confounding effects that
could mask the true efficacy of the drug. Thus, they exhibit
slower dosing and titration schedules compared to trials without
a placebo group (19).

In clinical practice, achieving a reduction of at least 30% in
NRS score is widely accepted as
meaningful pain relief (20). This study utilizes this benchmark to

indicative of clinically

model the duration needed to attain such a reduction in NRS

scores across various scenarios (refer to Supplementary
Materials), providing guidance for clinicians when tailoring
dosage regimens. Analysis of non-placebo-controlled studies
published post-2014 reveals that participants aged 45 required
approximately 7 weeks to achieve a 30% NRS score reduction,
whereas those aged 65 required only 2.5 weeks. Preclinical
studies have also found that elderly mice are more sensitive to
the efficacy of opioids (21). Additionally, for studies with a mean
participant age of 55, conducted after 2014, it took 5.3 weeks to
achieve this level of reduction in placebo-controlled studies,
compared to 3.7 weeks in non-placebo-controlled studies. For
non-placebo-controlled trials with participants averaging 55 years

of age, the duration to reach a 30% reduction in NRS scores was
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shorter at 1.4 weeks in studies published before 2014, compared
to 3.7 weeks in those published afterwards.

Our subgroup analysis aimed to assess the influence of
clinically relevant variables not accounted for as covariates on the
effectiveness of tapentadol. We noted a pattern where subjects
with higher baseline NRS scores, those on higher titrated doses,
and groups with a smaller proportion of male participants
receiving extended-release tapentadol tended to experience
improved pain relief. However, this trend did not reach statistical
significance. The expectation that extended-release formulations,
which maintain steadier plasma drug concentrations, would
provide enhanced analgesia is supported by findings from
multiple studies (22, 23). Additionally, prior research suggests
that women, in comparison to men, may have lower pain
thresholds and a lower tolerance to pain, potentially due to
hormonal differences (24). Our research also indicates that the
efficacy of analgesics is dependent on the pain’s location, with
back pain responding more favorably than other types of pain.
Since back pain generally stems from musculoskeletal problems
like muscle strains, ligament sprains, or disc degeneration, these
conditions might be more sensitive to analgesic treatment.
However, there is a dearth of literature comparing the analgesic
effects on different pain sites. Given the small number of back
pain trials included in our study, further research is warranted to
corroborate these findings. However, traditional meta-analyses,
like the study conducted by Santos et al. (25), cannot analyze the
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full time course of drug effects or assess the impact of various
This
heterogeneity among trials that remains unexplained.

confounding factors. limitation results in significant

The present study is subject to several limitations. Our efficacy
evaluation was solely based on NRS scores. While some studies did
report outcomes using the Visual Analogue Scale (VAS), the
heterogeneity between VAS and NRS assessments prevented us
from integrating these two metrics into a combined analysis.
Moreover, existing literature indicates potential racial variations
in the analgesic response to opioids for back pain (26), but due
to data constraints in the available reports, an examination of
racial influences on tapentadol’s effectiveness was beyond the
scope of this study. Our analysis also relied on synthesized data
from the literature, which meant individual patient data was
inaccessible, thereby inhibiting the development of a dose-
response model for elucidating tapentadol’s pharmacodynamic
profile. The studies we included were all conducted in the United
States, exhibiting high homogeneity. However, they cannot reflect
the differences in efficacy caused by variations in different
regions. Currently, the mainstream clinical treatment for pain is
multimodal therapy, which includes not only medication but also
acupuncture and moxibustion, rehabilitation exercise, and other
treatment options. This study only provides a reference for the
efficacy of medication treatment. When the model is used for
clinical reference, it should be noted that combining it with other
therapies may lead to inconsistent treatment outcomes. Finally,
the exclusion of non-English language studies could have
introduced publication bias into our findings.

Conclusion

Utilizing a comprehensive array of literature, this study
established a time-effect model to characterize the analgesic
properties of tapentadol. This model delineates the drug’s efficacy
profile in diverse clinical contexts. The insights gleaned from this
model offer a valuable pharmacodynamic framework that can
inform the development of dosing titration strategies for
tapentadol in clinical settings and forthcoming research trials.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Author contributions

LX: Data curation, Formal Analysis, Resources, Writing -
original draft, Writing - review & editing. HZ: Data curation,
Formal Analysis, Resources, Writing - original draft, Writing -
review & editing. SN: Data curation, Formal Analysis, Resources,

Frontiers in Pain Research

10.3389/fpain.2024.1474529

Writing - original draft, Writing - review & editing. XH: Data
curation, Writing - review & editing. HP: Data curation,
Writing - review & editing. JL: Data curation, Writing — review
& editing. YH: Data curation, Writing - review & editing. XW:
Conceptualization, Funding acquisition, Methodology, Writing —
review & editing. LL: Conceptualization, Formal Analysis,
Methodology, Project
Validation,
Visualization, Writing - original draft, Writing - review &

Funding acquisition, Investigation,

administration, Resources, Software, Supervision,

editing. YF: Conceptualization, Formal Analysis, Funding

acquisition, Methodology, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This was
not an industry supported study. This work was received
financial support from the project of Shanghai S&T Innovation
Plan (17401970900) and the Innovation Capability Enhancement
Plan Project of Hebei Province (235A2601D).

Acknowledgments

The authors wish to thank all the staffs of Shanghai
University of Traditional Chinese Medicine, Capital Medical
University, Peking University People’s Hospital and Nanjing
Drum Tower Hospital.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpain.2024.

1474529/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpain.2024.1474529/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpain.2024.1474529/full#supplementary-material
https://doi.org/10.3389/fpain.2024.1474529
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Xin et al.

References

1. Mills S, Torrance N, Smith BH. Identification and management of chronic pain in
primary care: a review. Curr Psychiatry Rep. (2016) 18(2):22. doi: 10.1007/
511920-015-0659-9

2. Gaskin DJ, Richard P. The economic costs of pain in the United States. | Pain.
(2012) 13(8):715-24. doi: 10.1016/}.jpain.2012.03.009

3. Korownyk CS, Montgomery L, Young J, Moore S, Singer AG, MacDougall P D,
et al. PEER simplified chronic pain guideline: management of chronic low back,
osteoarthritic, and neuropathic pain in primary care. Can Fam Physician. (2022) 68
(3):179-90. doi: 10.46747/cfp.6803179

4. Fox LC, Waller S. Opioid overview. S D Med. (2016) No:3-7.

5. Moore RA, McQuay HJ. Prevalence of opioid adverse events in chronic non-
malignant pain: systematic review of randomised trials of oral opioids. Arthritis Res
Ther. (2005) 7(5):R1046-51. doi: 10.1186/ar1782

6. Tzschentke TM, Christoph T, Schréder W, Englberger W, De Vry J, Jahnel U,
et al. Tapentadol: with two mechanisms of action in one molecule effective against
nociceptive and neuropathic pain. Preclinical overview. Schmerz. (2011) 25
(1):19-25. doi: 10.1007/s00482-010-1004-1

7. Roulet L, Rollason V, Desmeules J, Piguet V. Tapentadol versus tramadol: a narrative
and comparative review of their pharmacological, efficacy and safety profiles in adult
patients. Drugs. (2021) 81(11):1257-72. doi: 10.1007/s40265-021-01515-z

8. Polati E, Canonico PL, Schweiger V, Collino M. Tapentadol: an overview of the
safety profile. J Pain Res. (2019) 12:1569-76. doi: 10.2147/JPR.S190154

9. Coluzzi F, Taylor R Jr, Pergolizzi JV Jr, Mattia C, Raffa RB. Good clinical practice
guide for opioids in pain management: the three Ts—titration (trial), tweaking
(tailoring), transition (tapering). Braz ] Anesthesiol. (2016) 66(3):310-7. doi: 10.
1016/j.bjane.2014.09.005

10. Cook AJ, Chastain DC. The classification of patients with chronic pain: age and
sex differences. Pain Res Manag. (2001) 6(3):142-51. doi: 10.1155/2001/376352

11. Vellucci R. Heterogeneity of chronic pain. Clin Drug Investig. (2012) 32(Suppl
1):3-10. doi: 10.2165/11630030-000000000-00000

12. Etropolski MS, Okamoto A, Shapiro DY, Rauschkolb C. Dose conversion
between tapentadol immediate and extended release for low back pain. Pain
Physician. (2010) 13(1):61-70. doi: 10.36076/pp;j.2010/13/61

13. Sterne JAC, Savovic¢ ], Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2:
a revised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:14898.
doi: 10.1136/bm;.14898

14. U.S. Food & Drug, New Safety Measures Announced for Extended-release and
Long-acting Opioids. (2014). Available online at: https://www.fda.gov/drugs/

Frontiers in Pain Research

09

10.3389/fpain.2024.1474529

information-drug-class/new-safety-measures-announced-extended-release-and-long-
acting-opioids (Accessed January 10, 2025).

15. Weiner SG, Malek SK, Price CN. The opioid crisis and its consequences.
Transplantation. (2017) 101(4):678-81. doi: 10.1097/TP.0000000000001671

16. Barlas S. U.S. and states ramp up response to opioid crisis: regulatory, legislative,
and legal tools brought to bear. P T. (2017) 42(9):569-92.

17. Edwards RR, Fillingim RB, Ness TJ. Age-related differences in endogenous
pain modulation: a comparison of diffuse noxious inhibitory controls in healthy
older and younger adults. Pain. (2003) 101(1-2):155-65. doi: 10.1016/s0304-
3959(02)00324-x

18. Mitchell SJ, Hilmer SN, McLachlan AJ. Clinical pharmacology of analgesics in
old age and frailty. Rev Clin Gerontol. (2009) 19(2):103-18. doi: 10.1017/
50959259809990232

19. Finniss DG, Kaptchuk TJ, Miller F, Benedetti F. Biological, clinical, and ethical
advances of placebo effects. Lancet. (2010) 375(9715):686-95. doi: 10.1016/
$0140-6736(09)61706-2

20. Cepeda MS, Africano JM, Polo R, Alcala R, Carr DB. What decline in pain
intensity is meaningful to patients with acute pain? Pain. (2003) 105(1-2):151-7.
doi: 10.1016/s0304-3959(03)00176-3

21. Smith MA, Gray JD. Age-related differences in sensitivity to the antinociceptive
effects of opioids in male rats. Influence of nociceptive intensity and intrinsic efficacy
at the mu receptor. Psychopharmacology. (2001) 156(4):445-53. doi: 10.1007/
5002130100750

22. Foley PL, Liang H, Crichlow AR. Evaluation of a sustained-release formulation
of buprenorphine for analgesia in rats. ] Am Assoc Lab Anim Sci. (2011)
50(2):198-204.

23. Kendall LV, Hansen RJ, Dorsey K, Kang S, Lunghofer PJ, Gustafson DL.
Pharmacokinetics of sustained-release analgesics in mice. ] Am Assoc Lab Anim Sci.
(2014) 53(5):478-84.

24. Packiasabapathy S, Sadhasivam S. Gender, genetics, and analgesia:

understanding the differences in response to pain relief. J Pain Res. (2018)
11:2729-39. doi: 10.2147/JPR.S94650

25. Xiao JP, Li AL, Feng BM, Ye Y, Wang GJ. Efficacy and safety of tapentadol
immediate release assessment in treatment of moderate to severe pain: a systematic
review and meta-analysis. Pain Med. (2017) 18(1):14-24. doi: 10.1093/pm/pnw154

26. Dickason RM, Chauhan V, Mor A, Ibler E, Kuehnle S, Mahoney D, et al. Racial
differences in opiate administration for pain relief at an academic emergency
department. West | Emerg Med. (2015) 16(3):372-80. doi: 10.5811/westjem.2015.3.
23893

frontiersin.org


https://doi.org/10.1007/s11920-�015-�0659-�9
https://doi.org/10.1007/s11920-�015-�0659-�9
https://doi.org/10.1016/j.jpain.2012.03.009
https://doi.org/10.46747/cfp.6803179
https://doi.org/10.1186/ar1782
https://doi.org/10.1007/s00482-010-1004-1
https://doi.org/10.1007/s40265-�021-�01515-�z
https://doi.org/10.2147/JPR.S190154
https://doi.org/10.1016/j.bjane.2014.09.005
https://doi.org/10.1016/j.bjane.2014.09.005
https://doi.org/10.1155/2001/376352
https://doi.org/10.2165/11630030-�000000000-�00000
https://doi.org/10.36076/ppj.2010/13/61
https://doi.org/10.1136/bmj.l4898
https://www.fda.gov/drugs/information-drug-class/new-safety-measures-announced-extended-release-and-long-acting-opioids
https://www.fda.gov/drugs/information-drug-class/new-safety-measures-announced-extended-release-and-long-acting-opioids
https://www.fda.gov/drugs/information-drug-class/new-safety-measures-announced-extended-release-and-long-acting-opioids
https://doi.org/10.1097/TP.0000000000001671
https://doi.org/10.1016/s0304-�3959�(02)�00324-�x
https://doi.org/10.1016/s0304-�3959�(02)�00324-�x
https://doi.org/10.1017/S0959259809990232
https://doi.org/10.1017/S0959259809990232
https://doi.org/10.1016/S0140-�6736�(09)�61706-�2
https://doi.org/10.1016/S0140-�6736�(09)�61706-�2
https://doi.org/10.1016/s0304-�3959�(03)�00176-�3
https://doi.org/10.1007/s002130100750
https://doi.org/10.1007/s002130100750
https://doi.org/10.2147/JPR.S94650
https://doi.org/10.1093/pm/pnw154
https://doi.org/10.5811/westjem.2015.3.23893
https://doi.org/10.5811/westjem.2015.3.23893
https://doi.org/10.3389/fpain.2024.1474529
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Pharmacodynamic characteristics and influencing factors of tapentadol for chronic pain relief under dose titration
	Introduction
	Methods
	Research criteria and eligibility
	Data extraction and quality assessment
	Model establishment and evaluation

	Results
	Characteristics of the selected studies
	Modelling results
	Typical efficacy of tapentadol in trial participants of different ages
	Typical efficacy of tapentadol for different years of publication
	Typical efficacy of tapentadol under different trial designs
	Other potential influencing factors on the efficacy of tapentadol

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


