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ABSTRACT

Introduction: Co-crystal of tramadol-celecoxib
(CTC) is the first analgesic co-crystal for acute
pain. This completed phase 3 multicenter,
double-blind trial assessed the efficacy and
safety/tolerability of CTC in comparison with
that of tramadol in the setting of moderate-to-
severe pain up to 72 h after elective third molar
extraction requiring bone removal.
Methods: Adults (n = 726) were assigned ran-
domly to five groups (2:2:2:2:1): orally adminis-
tered twice-daily CTC 100 mg (44 mg rac-tramadol
hydrochloride/56 mg celecoxib; n = 164), 150 mg
(66/84 mg; n = 160) or 200 mg (88/112 mg;

n = 160); tramadol 100 mg four times daily
(n = 159); or placebo four times daily (n = 83).
Participants in CTC groups also received twice-
daily placebo. The full analysis set included all
participants who underwent randomization. The
primary endpoint was the sum of pain intensity
differences over 0 to 4 h (SPID0–4; visual analog
scale). Key secondary endpoints included 4-h 50%
responder and rescue medication use rates. Safety
endpoints included adverse events (AEs), labora-
tory measures, and Opioid-Related Symptom Dis-
tress Scale (OR-SDS) score.
Results: All CTC doses were superior to placebo
(P\0.001) for primary and key secondary end-
points. All were superior to tramadol for SPID0–4

(analysis of covariance least squares mean
differences [95% confidence interval]: - 37.1
[- 56.5, - 17.6], - 40.2 [- 59.7, - 20.6], and
- 41.7 [- 61.2, - 22.2] for 100, 150, and 200 mg
CTC, respectively; P\0.001) and 4-h 50%
responder rate. Four-hour 50% responder rates
were 32.9% (CTC 100 mg), 33.8% (CTC 150 mg),
40.6% (CTC 200 mg), 20.1% (tramadol), and 7.2%
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� N. Gascón � C. Plata-Salamán
ESTEVE Pharmaceuticals, Barcelona, Spain

J. Fettiplace � S. Adeyemi
Mundipharma Research Limited, Cambridge, UK
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(placebo). Rescue medication use was lower in the
100-mg (P = 0.013) and 200-mg (P = 0.003) CTC
groups versus tramadol group. AE incidence and
OR-SDS scores were highest for tramadol alone.
Conclusions: CTC demonstrated superior pain
relief compared with tramadol or placebo, as
well as an improved benefit/risk profile versus
tramadol.
Trial registration: ClinicalTrials.gov identifier,
NCT02982161; EudraCT number, 2016-000592-
24.

Keywords: Acute pain; Celecoxib; Co-crystal;
CTC; Efficacy; SPID0–4; Tramadol

Key Summary Points

Why carry out this study?

We evaluated the efficacy and
safety/tolerability of the novel,
multimodal co-crystal of tramadol-
celecoxib (CTC) versus tramadol in the
setting of moderate-to-severe pain up to
72 h after elective third molar extraction
requiring bone removal.

Although guidelines recommend
multimodal analgesia, outpatient
postoperative pain management is often
inadequate, partly because of non-
adherence. Novel, multimodal, opioid-
sparing analgesia, incorporating an anti-
inflammatory, is needed.

What was learned from the study?

CTC provides better pain relief than
tramadol alone over the 72-h treatment
period with a total cumulative tramadol
dose of 528 mg from CTC 200 mg
compared with 1200 mg from tramadol
alone.

Compared with tramadol alone, CTC had
an improved benefit/risk profile, being
associated with fewer side effects and
facilitating lower opioid dosing overall.

INTRODUCTION

Acute pain resulting from trauma, illness, or
surgery affects millions of people annually [1, 2]
across multiple settings [3, 4]. Many report pain
of moderate or greater intensity [2, 3, 5, 6], and
management is often inadequate [2, 3, 7–9],
with negative consequences for patients,
healthcare systems, and society [2, 9]. Effective
management can enhance recovery, improve
rehabilitation, shorten hospital stays, and
decrease costs [9, 10]. Inadequate management
occurs for several reasons [10], including lack of
adherence [11, 12] due to side effects or ‘pill
burden’ [13]. Adherence is a particular issue
after ambulatory surgery [13].

Postoperative pain guidelines recommend
multimodal analgesia [8, 14]. There is a need for
novel, multimodal, opioid-sparing analgesia—
incorporating an anti-inflammatory—for the
management of ambulatory postoperative pain
[4, 8, 9, 13, 15].

Co-crystal of tramadol-celecoxib (CTC; pre-
viously E-58425/MR308) is the first analgesic co-
crystal that incorporates racemic tramadol
hydrochloride and celecoxib (1:1) in a
supramolecular crystal network [16, 17]. Tra-
madol is a racemic compound with two enan-
tiomers: the (?)-enantiomer has higher affinity
for l-opioid receptors and is a more potent
inhibitor of serotonin reuptake, whereas the
(-)-enantiomer is a more potent inhibitor of
noradrenaline reuptake. Additionally, the O-
desmethyl metabolite of tramadol, which has a
higher affinity for the l-opioid receptors than
the parent compound, also contributes to its
analgesic effects [18, 19]. Treatment with tra-
madol (an opioid analgesic) and celecoxib (an
effective, potent, nonopioid analgesic with
improved gastrointestinal and cardiovascular
safety versus other nonsteroidal anti-inflam-
matory drugs [NSAIDs]) [20–22] may achieve
effective analgesia while reducing side effects
and opioid consumption.

In CTC, a l-opioid agonist and nore-
pinephrine and serotonin reuptake inhibitor
(tramadol) and a selective cyclooxygenase-2
inhibitor (celecoxib) target four central and
peripheral analgesic mechanisms [23]. The
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crystalline structure of the ‘co-crystal’ formula-
tion modifies the physicochemical characteris-
tics as well as the pharmacokinetics of the active
molecules—decreasing the maximum concen-
tration of tramadol in plasma while prolonging
the time to achieve this and shortening the time
to reach the maximum concentration of cele-
coxib in plasma [24]—in a manner that is not
attainable via coadministration or conventional
fixed-dose combination. This may underlie
clinical trial findings [25, 26]. CTC demon-
strated a benefit/risk profile that was signifi-
cantly improved versus that of tramadol and
placebo in a phase 2 trial on postoperative
management of oral pain [27]. In a phase 3 trial
of pain following bunionectomy with osteot-
omy, CTC was associated with greater pain
relief than similar daily doses of tramadol or
celecoxib, with comparable tolerability as tra-
madol [28]. CTC 200 mg was also found to be
noninferior and to have an improved benefit/
risk profile compared with tramadol in a phase 3
trial of pain following abdominal hysterectomy
[29]. CTC was approved by the US Food and
Drug Administration in 2021 [30], and received
its first European regulatory approval (in Spain)
in September 2023 [31].

The present phase 3 trial, STARDOM1,
addresses the need for a phase 3 study assessing
the efficacy and safety of repeated doses of CTC
compared with that of placebo and full daily
doses of tramadol in an established model of
acute moderate-to-severe postoperative oral
surgery pain. STARDOM1 aimed to test the null
hypothesis that there was no difference in
analgesic efficacy among CTC, tramadol, and
placebo in this patient population.

METHODS

Study Design and Oversight

STARDOM1 (NCT02982161; EudraCT number:
2016-000592-24) was a double-blind, random-
ized controlled (placebo and active comparator)
trial conducted from December 2016 to January
2018 at 31 sites in Canada, Germany, Hungary,
Italy, Poland, and Spain. Data from one site
were excluded from all analyses, before hard

data lock and while the study was blinded,
because of non-compliance with Good Clinical
Practice. The study protocol was approved by
the local ethics committee for each country
and/or study site (listed in Methods S1 in the
electronic supplementary material). The princi-
pal investigator was from Spain, and the Span-
ish ethics committee was the Comité Ético de
Investigación Clı́nica con Medicamentos del
Hospital Universitario de la Princesa (Madrid),
resolution no. 20/17 of 10 November 2016. All
patients provided written informed consent
during the screening period of the study (i.e.
before surgery). The study was conducted in
compliance with the Declaration of Helsinki
and Good Clinical Practice guidelines.

Patients

The complete eligibility criteria are described in
the electronic supplementary material, Methods
S2. Briefly, eligible patients comprised healthy
males and females aged C 18 years. Patients had
undergone an elective dental surgical procedure
(extraction of C 2 impacted third molars, inclu-
ding C 1 mandibular molar) that required bone
removal within 28 days of the screening visit;
extractions were completed without immediate
complication. Patients were eligible if they had
experienced acute pain of moderate-to-severe
intensity (defined as a rating of C 45 mm on a
100-mm pain intensity–visual analog scale [PI-
VAS]) as a result of the surgery, measured within
6 h of the procedure. Patients were excluded
from the study if they had any contraindica-
tions to tramadol, celecoxib, acetaminophen
(paracetamol), NSAIDs, sulfonamides, opioids,
cyclooxygenase-2 inhibitors, or other related
compounds or had previously experienced
inadequate pain relief from tramadol, celecoxib,
or acetaminophen. Patients receiving regular
opioid analgesia or NSAIDs within 30 days
before screening, a long- acting NSAID within 3
days before surgery, or any analgesic (other than
short-acting pre- or intraoperative local anes-
thetics) within 12 h before surgery, or periop-
eratively until randomization, were also
ineligible.
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Randomization and Masking

Patients were screened up to 28 days before
surgery (Fig. S1). Randomization of eligible
patients occurred after a 6-h postoperative
assessment period. The treatment period lasted
72 h, with a 7-day follow-up. Patients could
leave the study center 4 h after first study
treatment intake (after the time point for the
primary efficacy endpoint) until the beginning
of the follow-up period.

Patients who reached a qualifying PI-VAS
after molar extraction were assigned randomly
to one of five groups (2:2:2:2:1) to receive orally
administered CTC 100 mg (rac-tramadol
hydrochloride 44 mg/celecoxib 56 mg) given
twice daily (BID), CTC 150 mg (tramadol
hydrochloride 66 mg/celecoxib 84 mg) BID,
CTC 200 mg (tramadol hydrochloride 88 mg/
celecoxib 112 mg) BID; tramadol 100 mg four
times daily (QID); or placebo QID. (To maintain
blinding, participants receiving CTC BID also
received placebo BID to match the intake of
tramadol capsules [two capsules, four times
daily].) Patients began PI-VAS self-assess-
ment * 30 min after extraction and continued
to self-assess every 30 min for up to 6 h after
surgery, or until the qualifying pain score for
randomization was reached. Randomization
was performed using interactive response tech-
nology and stratified by qualifying pain intensity
(QPI): moderate, PI-VAS C 45 and\70 mm;
severe, PI-VAS C 70 mm. Patients and all person-
nel were blinded to treatment.

Interventions

Topical and subcutaneous short-acting local
anesthetics, including lidocaine, articaine, and
mepivacaine, with/without adrenaline, were
allowed during the third molar extraction.
Bupivacaine was not permitted.

For the purposes of blinding, CTC and tra-
madol capsules were over-encapsulated, and
patients were given additional placebo capsules
BID to match the posology of tramadol (Meth-
ods S3).

Oral acetaminophen, taken as required up to
QID for a maximum daily dose of 4000 mg, was

permitted as rescue medication during the
double-blind period. The following concomi-
tant medications were prohibited: serotonergic
drugs (including selective serotonin reuptake
inhibitors and serotonin-norepinephrine reup-
take inhibitors), tricyclic antidepressants,
monoamine oxidase inhibitors, antipsychotics,
anticonvulsants (and other products that lower
the seizure threshold), opioids, NSAIDs (in-
cluding acetaminophen), and acetylsalicylic
acid (aspirin; although low doses were permit-
ted for anti-thrombosis/cardiac prophylaxis).

Assessments and Endpoints

The primary efficacy endpoint was the sum of
pain intensity differences over 0–4 h (SPID0–4).
SPID was defined as the weighted difference
(baseline [predose] pain minus current pain),
measured using the PI-VAS at different time
points. Time between two consecutive mea-
surements was used for weighting, with larger
values indicating greater pain relief. Pain
intensity assessments (PI-VAS) were recorded in
an e-Diary by the patient at 0 min (predose), at
15-min intervals after the first treatment dose
up to 4 h, at 6 and 8 h after the first treatment
dose, and then at 6-h intervals from 12 to 72 h.

Key secondary endpoints included 50%
responder rate at 4 h (patients with a C 50%
reduction in PI-VAS score from 0–4 h) and rate
of rescue medication use (use of C 1 dose of
rescue medication during the first 4 h). Other
secondary endpoints included SPID and total
pain relief (TOTPAR) scores over 0–12, 0–24,
0–48, and 0–72 h; 30% responder rate at 4 h
(patients with a C 30% reduction in PI-VAS
score from 0–4 h); time to 30% and 50%
responses; time to perceptible and meaningful
pain relief (as recorded in e-Diaries); time to first
receipt of rescue medication; and average dose
of rescue medication per 24 h. To determine
TOTPAR, patients were asked to record their
assessment of pain relief on a 5-point categori-
cal pain relief rating scale (0 = no relief;
4 = complete relief) every 15 min after the first
treatment dose up to 4 h post dose, and subse-
quently at 6 and 8 h after the first dose, as well
as at each visit during the treatment period.
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TOTPAR was defined as the sum of respective
pain relief values, weighted by the time between
consecutive measurements. Health-related
quality of life was assessed using the EQ-5D-5L
at 4, 24, 48, and 72 h after the first treatment
dose. The EQ-5D-5L assesses mobility, self-care,
usual activities, pain/discomfort, and anxiety/
depression at five levels (no problems, or ‘any
problems,’ including slight, moderate, severe, or
extreme). Results were converted to index
scores (0 = worst imaginable, 1 = best imagin-
able) for each time point and for an average
score. Additionally, patients reported EQ-VAS
health scores (100-mm scale; 0 = worst imagin-
able, 100 = best imaginable). Permission was
obtained to use EQ-5D-5L in this study.

Safety was assessed by evaluation of adverse
events (AEs; coded using the Medical Dictionary
for Regulatory Activities, v19.0) and laboratory
safety results, as well as by physical examina-
tion, vital signs, and electrocardiograms. Opi-
oid-related symptoms were assessed on the
Opioid-Related Symptom Distress Scale (OR-SDS),
a 4-point scale evaluating the three dimensions of
frequency, severity, and bothersomeness for 10
symptoms (fatigue, drowsiness, inability to con-
centrate, confusion, nausea, dizziness, constipa-
tion, itching, difficulty with urination, retching/
vomiting). OR-SDS assessments were completed
electronically by patients at 4, 24, 48, and 72 h.
Permission was obtained to use OR-SDS in this
study.

Sparse blood sampling (2, 24, 59, and 72 h
after first dose), analyzed with a high-perfor-
mance liquid chromatography–tandem mass
spectrometer (Agilent 1200 series pump and
API4000 mass spectrometer detector; Sciex,
Framingham, MA), was employed in explora-
tory pharmacokinetic analyses of tramadol, the
tramadol metabolite O-desmethyltramadol, and
celecoxib.

Statistical Analyses

Sample size and power calculations were per-
formed using nQuery software (Statsols, Boston,
MA) for a two-sample t-test at the initial sig-
nificance level of 0.83%. The primary goal for
sample size calculations was to detect clinically

relevant superior treatment effects of CTC
compared with tramadol, also considering the
need to demonstrate CTC’s superiority over
placebo and its noninferiority to tramadol. To
show noninferiority of CTC versus tramadol
(assuming a noninferiority margin of 40 mm�h),
a sample of 170 patients in each active treat-
ment arm ensured sufficient marginal powers
of[ 90%, for treatment differences of 20 mm�h
and assuming 10–20% of patients would not be
included in the per-protocol analysis set (PPAS).
For the assessment of superiority of CTC doses
versus placebo, a sample of 170 patients in
each CTC arm and 85 in the placebo arm
provided C 95% marginal power for all three
comparisons, assuming treatment differences
of 75, 85, and 90 mm�h versus placebo for the
CTC 100-, 150-, and 200-mg doses, respec-
tively. Assumptions for treatment effect size
were based on the results from the previous
phase 2 study [27]. Therefore, a sample of 170
patients in each active treatment arm and 85
in the placebo arm was determined to provide
sufficient power to demonstrate efficacy of the
CTC doses—a total of 765 randomized
patients.

The primary objective of the study was to
establish the efficacy of CTC doses based on
SPID0–4, by first demonstrating superiority
compared with placebo and noninferiority in
relation to tramadol, followed by superiority
versus tramadol. The secondary efficacy objec-
tive involved comparison of the efficacy of CTC
doses with that of tramadol and placebo by
demonstrating superiority in the two main
secondary endpoints of 50% responder rate at
4 h and use of rescue medication during the first
4 h. The formal evaluation of the primary effi-
cacy endpoint used a parallel gatekeeping
method [32] to adjust for multiplicity. This
analysis was combined with the formal evalua-
tion of the two key secondary endpoints using
the same approach (see Methods S4). Through
this gatekeeping procedure, adjusted P-values
(for multiplicity) and adjusted confidence
intervals (CI; based on the alpha levels assigned
to each hypothesis) were derived for each
comparison.

The primary efficacy endpoint (SPID0–4) was
evaluated using an analysis of covariance
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(ANCOVA) model, with treatment and QPI as
fixed effects, study center as a random effect,
and predose (0 h) PI-VAS as a covariate. The last
observation carried forward (LOCF) method was
used to account for missing PI-VAS values. For
patients who took rescue medication, the last
available PI-VAS value before the first intake of
rescue medication was carried forward for all
consecutive time points.

The key secondary efficacy endpoints were
each analyzed using respective logistic regres-
sion models, with treatment and QPI group as
fixed effects, study center as a random effect,
and predose PI-VAS as a covariate. Exploratory
statistical analyses were conducted for addi-
tional secondary endpoints. A similar LOCF
approach was used for the secondary endpoints
as for the primary analysis.

The full analysis set (FAS) included all par-
ticipants who had undergone randomization
and formed the main analysis set for superiority
comparisons of the primary and key secondary
endpoints. The PPAS—patients in the FAS who
had no major deviation from study protocol—
was the main analysis set for noninferiority
hypotheses. The role of both analysis sets was
interchanged for supportive superiority and
noninferiority analyses. The safety analysis set
(SAS) comprised all participants who had
undergone randomization and had received C 1
dose of study drug; of these, participants with
C 1 pharmacokinetic measurement were inclu-
ded in the pharmacokinetics analysis set.

Post-hoc subgroup QPI analyses were also
conducted for key efficacy endpoints, with PI-
VAS categories of C 45 to B 60 mm for moder-
ate pain and[ 60 mm for severe pain (in line
with the threshold used to define severe pain in
other studies in this model, including for CTC
[27]).

For all statistical analyses, results were con-
sidered significant if P\ 0.05. Statistical analy-
ses were performed using SAS, v9.4 or higher
(SAS Institute, Cary, NC).

RESULTS

Patients

Of the 887 patients screened, 726 were ran-
domized and included in the FAS and SAS; 573
were included in the PPAS and 136 in the
pharmacokinetics analysis set (Fig. 1). Overall,
685 patients (94.4%) completed the study
across countries and study centers (Table S1).
The highest completion rate was among
patients from the CTC 100-mg group (98.2%);
the lowest was reported in patients from the
tramadol group (86.8%). Forty-one patients
discontinued the study: 21 (2.9%) withdrew
consent, 19 (2.6%) discontinued because of AEs,
and 1 (0.1%) was lost to follow-up.

Demographic characteristics and QPI scores
were well balanced across treatment groups,
with no clinically relevant differences observed
(Table 1). Overall, the mean (standard deviation
[SD]) age was 25.8 (6.25) years, 61.7% were
female, and 97.2% were White. The median
qualifying PI-VAS score was 53.0 mm. Most
patients (91.5%) had a qualifying PI-VAS score
categorized as moderate (C 45 to\70 mm).
When post hoc categories were applied, 76.4%
of randomized patients were classed as having
moderate pain (C 45 to B 60 mm) and 23.6% as
having severe pain ([60 mm).

Primary Endpoint

Mean (SD) SPID0–4 was higher in all three CTC
groups (200 mg, 66.17 [99.57] mm�h; 150 mg,
64.15 [94.87] mm�h; 100 mg, 60.61 [98.18] mm�h)
than in the tramadol (23.45 [81.73] mm�h) or
placebo (- 9.12 [69.39] mm�h) groups. For the
FAS, ANCOVA confirmed that all three CTC
doses demonstrated superiority over both pla-
cebo and tramadol (P\0.001 all comparisons;
Fig. 2) in a dose-dependent manner. The paral-
lel gatekeeping procedure confirmed the supe-
riority of all CTC doses over placebo and
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tramadol (Table S2). Results were similar in the
PPAS (Table S3).

A post hoc subgroup analysis of mean
SPID0–4 by patients with moderate QPI at base-
line (PI-VAS C 45 to B 60 mm) and severe QPI
at baseline (PI-VAS[60 mm) was consistent
with the overall analysis (Table S4). Subgroup
analyses for mean SPID0–4 by sex and country,
and various sensitivity analyses, were also con-
sistent with the overall analysis.

In patients receiving active treatment, small
pain intensity differences (PID) were observed
after 30 min (Fig. 3). The greatest mean (SD) PID
was observed in the CTC 100-mg group
(4.5 [16.31] mm) and the smallest in the tra-
madol group (0.6 [12.63] mm). All CTC doses
were associated with a rapid decrease in pain
intensity, with maximal effect occurring
after * 2 h. Mean (SD) PID at 2 h was 18.2
(29.32), 20.2 (27.48), and 20.4 (29.85) mm in
the CTC 100-, 150-, and 200-mg groups,
respectively (FAS). PID remained relatively
stable after this time point in CTC groups. In
the tramadol group, mean pain intensity
decreased more gradually and to a lesser extent
than with CTC during the first 4 h post dose:
mean (SD) PID was 7.2 (24.88) mm after 2 h,

increasing to 8.1 (28.11) mm after 4 h. Placebo
treatment resulted in a mean (SD) PID of - 5.5
(23.03) mm after 4 h.

Key Secondary Endpoints

The highest proportion of 50% responders at
4 h was found in the CTC 200-mg group, with
40.6% of patients achieving C 50% reduction in
pain intensity (FAS; Fig. 4a). All three CTC doses
demonstrated superiority versus placebo
(P\0.001) and versus tramadol (P B 0.014) at
4 h. This was confirmed by the parallel gate-
keeping procedure (Table S2). A similar pattern
was also observed in logistic regression data up
to 72 h post dose, with the CTC 200-mg group
showing significant benefits over tramadol at 24
and 72 h post dose (Table S5). Proportions of
responders were higher for CTC dose groups
compared with tramadol or placebo, regardless
of QPI (Fig. S2).

Rescue medications were used during the
first 4 h in 39.4% of patients in the CTC 200-mg
group compared with 79.5% receiving placebo
and 55.7% receiving tramadol (FAS; Fig. 4b). All
three CTC doses demonstrated superiority ver-
sus placebo (P\0.001 for all comparisons).

Fig. 1 Patient disposition. AE adverse event, CTC co-crystal of tramadol-celecoxib, FAS full analysis set; FU, follow-up
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CTC 100 mg (P = 0.013) and CTC 200 mg
(P = 0.003) demonstrated superiority versus
tramadol, while the difference between CTC
150 mg and tramadol narrowly failed to reach

significance (P = 0.059). Findings were con-
firmed by the parallel gatekeeping approach
(Table S2). Results were similar regardless of QPI
(Fig. S3).

Fig. 2 Sum of pain intensity differences over 0–4 h (full
analysis set, last observation carried forward). Data were
analyzed by analysis of covariance, with treatment and
qualifying pain intensity at randomization (moderate,
severe) as fixed effects, pooled center as a random effect,
and predose (0 h) pain intensity as a covariate. aP value

from one-sided test of superiority for testing the null
hypothesis that the difference of means is C 0 mm�h.
bP value from two-sided test of no difference for testing
the null hypothesis that the difference of means is zero.
CI confidence interval, CTC co-crystal of tramadol-cele-
coxib, LS least squares

Fig. 3 Mean pain intensity–visual analog scale values over time (full analysis set—last observation carried forward). CTC
co-crystal of tramadol-celecoxib
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Fig. 4 Summary of key secondary efficacy endpoints (full
analysis set): a 50% responder rate at 4 h and b use of
rescue medication during the first 4 h. Data were analyzed
using a logistic regression model with treatment and
qualifying pain intensity at randomization (moderate,
severe) as fixed effects, pooled center as a random effect,
and predose pain intensity as a covariate. 50% responder

defined as: 50% reduction from baseline in pain inten-
sity–visual analog scale. P-values obtained from two-sided
test of no difference for testing the null hypothesis that the
OR = 1. For each treatment comparison, OR is calculated
as ‘2nd term: 1st term,’ as indicated. CI confidence
interval, CTC co-crystal of tramadol-celecoxib, OR odds
ratio
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Table 2 Summary of TEAEs and most frequently occurring treatment-related TEAEs (safety analysis set)

CTC Tramadol 100 mg

(n = 160)

Placebo

(n = 83)100 mg

(n = 164)

150 mg

(n = 159)

200 mg

(n = 160)

TEAEs 120 (73.2) 119 (74.8) 132 (82.5) 137 (85.6) 49 (59.0)

Treatment-related AEs 98 (59.8) 106 (66.7) 120 (74.4) 132 (82.5) 30 (36.1)

Severe TEAEs 19 (11.6) 16 (10.1) 28 (17.5) 57 (35.6) 9 (10.8)

TEAEs leading to discontinuation 1 (0.6) 1 (0.6) 1 (0.6) 12 (7.5) 0

Serious TEAEs 0 0 0 1 (0.6) 0

Deaths 0 0 0 0 0

Most frequent treatment-related TEAEs (C 2% of patients in any group)

Somnolence 62 (37.8) 73 (45.9) 96 (60.0) 98 (61.3) 23 (27.7)

Dizziness 41 (25.0) 47 (29.6) 59 (36.9) 89 (55.6) 11 (13.3)

Fatigue 44 (26.8) 46 (28.9) 59 (36.9) 69 (43.1) 21 (25.3)

Nausea 41 (25.0) 44 (27.7) 46 (28.8) 87 (54.4) 12 (14.5)

Vomiting 39 (23.8) 29 (18.2) 35 (21.9) 84 (52.5) 6 (7.2)

Disturbance in attention 24 (14.6) 23 (14.5) 33 (20.6) 50 (31.3) 14 (16.9)

Pruritus 4 (2.4) 18 (11.3) 25 (15.6) 44 (27.5) 3 (3.6)

Confusional state 11 (6.7) 9 (5.7) 16 (10.0) 29 (18.1) 8 (9.6)

Constipation 11 (6.7) 12 (7.5) 16 (10.0) 28 (17.5) 4 (4.8)

Dysuria 1 (0.6) 4 (2.5) 13 (8.1) 33 (20.6) 2 (2.4)

Retching 2 (1.2) 4 (2.5) 4 (2.5) 13 (8.1) 2 (2.4)

Headache 4 (2.4) 2 (1.3) 1 (0.6) 5 (3.1) 1 (1.2)

Pruritus, generalized 0 2 (1.3) 3 (1.9) 7 (4.4) 0

Hyperhidrosis 3 (1.8) 1 (0.6) 1 (0.6) 4 (2.5) 0

Asthenia 0 2 (1.3) 1 (0.6) 4 (2.5) 1 (1.2)

Malaise 0 0 5 (3.1) 2 (1.3) 0

TEAEs of further interest

Gastrointestinal signs and symptoms 58 (35.4) 51 (32.1) 56 (35.0) 108 (67.5) 15 (18.1)

Nausea 48 (29.3) 47 (29.6) 50 (31.3) 90 (56.3) 15 (18.1)

Vomiting 40 (24.4) 32 (20.1) 36 (22.5) 88 (55.0) 9 (10.8)

Neurologic disorders 89 (54.3) 93 (58.5) 112 (70.0) 114 (71.3) 33 (39.8)

Dizziness 46 (28.0) 48 (30.2) 61 (38.1) 90 (56.3) 12 (14.5)

Somnolence 75 (45.7) 83 (52.2) 105 (65.6) 101 (63.1) 31 (37.3)

Data are n (%) of patients. A patient may have had[ 1 AE in any category. AEs were coded using Medical Dictionary for Regulatory

Activities (MedDRA) v19.0

AE adverse event, CTC co-crystal of tramadol-celecoxib, TEAE treatment-emergent adverse event
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Additional Secondary Endpoints

All doses of CTC were superior to placebo
regarding SPID over 0–12, 0–24, 0–48, and
0–72 h, and CTC 200 mg was superior to tra-
madol in each case (Table S6 and Fig. S4). CTC
150 mg was superior to tramadol at 0–12 h. All
doses of CTC were superior to placebo and tra-
madol in terms of TOTPAR over 0–12, 0–24,
0–48, and 0–72 h, with the difference in mean
TOTPAR between tramadol/placebo and CTC
groups increasing over time (Table S6).

The 30% responder rate at 4 h was signifi-
cantly higher in all CTC groups compared with
tramadol and placebo (Table S7). Time to 30%
response was significantly shorter for all CTC
groups compared with placebo, as well as for
CTC 150 and 200 mg versus tramadol by log-
rank or Cox proportional-hazards tests (Table S8
and Fig. S5). For CTC 200 mg versus tramadol,
the hazard ratio (95% CI) was 1.44 (1.07–1.93;
P = 0.016). Findings were similar for time to
50% response: significant differences versus
tramadol were observed for CTC 200 mg (haz-
ard ratio 1.38, 95% CI 1.01–1.90; P = 0.045)
(Table S8 and Fig. S6). Time to first perceptible
pain relief and time to first meaningful pain
relief were not significantly different from tra-
madol for any CTC dose (Table S8).

Time to first intake of rescue medication was
significantly longer in the CTC groups com-
pared with placebo, while the difference versus
tramadol was significantly longer for CTC
200 mg. Median (95% CI) time to first rescue
medication was 14.6 (5.93–not available), 2.32
(1.67–5.00), and 1.47 (0.98–2.12) h for CTC
200 mg, tramadol, and placebo, respectively
(Table S8 and Fig. S7). In all CTC groups, the
percentage of patients taking rescue medication
was lower than placebo across the assessment
period. The maximum proportion of patients
needing rescue medication was reached during
the first 4-h interval for all treatment
groups: * 40% for all doses of CTC, 55% for
tramadol, and 80% for placebo (Fig. S8). The
mean (SD) daily dose of rescue medication was
567.1 (948.49) mg of acetaminophen in the
CTC 200-mg group versus 743.7 (1077.51) mg
and 1331.3 (1153.11) mg in the tramadol and
placebo groups, respectively. Differences versus

placebo were significant for all CTC doses; dif-
ferences between CTC and tramadol were not
statistically significant (Table S9).

For each EQ-5D-5L dimension except pain/
discomfort, the percentage of patients in the
FAS with ‘any problems’ was higher for tra-
madol than for other groups at each post-base-
line time point, whereas CTC was generally
similar to placebo (Table S10). Logistic regres-
sion showed significant differences (P\0.05) in
odds ratios between CTC groups and tramadol
for most dimensions and time points (other
than pain/discomfort, 4-h self-care [in the case
of CTC 150 and 200 mg] and anxiety/depres-
sion [in the case of CTC 200 mg]) (Table S11).
Mean index scores were significantly different at
all time points for CTC versus tramadol, and the
average score for CTC 200 mg was significantly
different from placebo. EQ-VAS scores for CTC
150 and 200 mg differed significantly from tra-
madol at each time point. CTC 150 mg was
significantly different to placebo regarding the
average score and at 4, 48, and 72 h. CTC 200
mg was significantly different from placebo
with respect to the average and at 4 and 24 h.

Safety, Tolerability, and Pharmacokinetics

Altogether, 2599 treatment-emergent AEs
(TEAEs) were reported in 557 (76.7%) patients.
The rate of TEAEs was highest (85.6%) in the
tramadol group, while in the CTC groups, TEAE
rate increased with increasing dose. A total of
394 TEAEs were classified as severe, occurring in
129 (17.8%) patients. Severe TEAEs were seen in
the highest proportion of patients (35.6%) in
the tramadol group. In total, 2277 TEAEs in 485
(66.8%) patients were considered treatment
related. The rate of treatment-related TEAEs was
highest in the tramadol group (82.5%). Consis-
tent with data for all TEAEs, the rates of treat-
ment-related TEAEs increased with increasing
dose in the CTC groups, up to 74.4% in the
200-mg group. The only serious TEAE in the
study was a patient in the tramadol group who
experienced treatment-related vomiting
(Table 2), leading to discontinuation from the
study and hospitalization for intravenous
treatment. The most frequently occurring
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treatment-related TEAEs are shown in Table 2
and Fig. S9. For all TEAEs except malaise, the
greatest proportion of patients experiencing
each treatment-related TEAE occurred in the
tramadol group. In CTC groups, a dose-depen-
dent pattern was observed for most treatment-
related TEAEs. Regarding TEAEs of further
interest, 288 (39.7%) patients experienced nau-
sea and/or vomiting and 441 (60.7%) experi-
enced TEAEs indicative of central nervous
system depression (dizziness, somnolence).
Rates were highest in the tramadol group
(67.5% for nausea/vomiting, 71.3% for central
nervous system depression symptoms versus
35.0% and 70.0%, respectively, for CTC 200
mg). Fifteen patients (2.1%) discontinued the
trial because of TEAEs: 12 (7.5%) in the tra-
madol group and 1 (0.6%) in each of the CTC
treatment groups. There were no clinically sig-
nificant changes in laboratory parameters or
vital signs, and no deaths were reported during
the trial.

Patient-reported mean OR-SDS scores were
highest in the tramadol group for all
ten symptoms. Mean OR-SDS scores were gen-
erally higher in the CTC groups than placebo,
and increased with increasing CTC dose, but
were notably lower than in the tramadol group.

Results of sparse pharmacokinetic sampling
(Fig. S10) showed that drug levels aligned with
expectations, based on phase 1 findings [26, 33].

DISCUSSION

This phase 3 trial (STARDOM1) involving
patients with acute moderate-to-severe pain
following oral surgery met its primary efficacy
endpoint of SPID0–4: all CTC doses were found
to be superior to tramadol or placebo. All doses
were also superior to tramadol and placebo for
the key secondary efficacy endpoint of 50%
responder rate at 4 h. The lower rate of rescue
medication use in the first 4 h for all CTC doses
proved to be superior to placebo, and CTC 100
and 200 mg demonstrated superiority over tra-
madol. Various additional secondary efficacy
endpoints were evaluated for which CTC 200
mg, the recommended clinical dose, showed
the most encouraging results versus tramadol.

Regarding non-pain EQ-5D-5L measures, CTC
was similar to placebo and was not associated
with the quality-of-life impairments observed
for tramadol. The occurrence of TEAEs, severe
TEAEs, and TEAEs leading to discontinuation
were lower in CTC groups than in the tramadol
group. TEAEs related to study drug were 74.4%
for CTC 200 mg versus 82.5% for tramadol.
Patients in CTC groups reported fewer opioid-
related symptoms than in the tramadol group.
Overall, the efficacy and safety of CTC were
dose dependent.

CTC exhibited an opioid-sparing effect
compared with tramadol. At the recommended
clinical dosing regimen of CTC 200 mg (con-
taining 88 mg tramadol), superior pain relief in
the first 4 h (SPID0–4) was seen compared with
tramadol (100 mg). Superiority was sustained
over 24 h (cumulative daily tramadol dose of
176 mg from CTC 200 mg) and to study com-
pletion at 72 h (total cumulative tramadol dose
of 528 mg from CTC 200 mg). By contrast, the
tramadol group received a higher daily dose of
tramadol (cumulative daily dose of 400 mg, the
maximum licensed European dose) than
patients in CTC groups, resulting in a cumula-
tive opioid dose of 1200 mg over the 72-h
treatment period. The importance of consider-
ing cumulative opioid dose may also be relevant
when looking at rescue medication use.
Between 4 and 8 h, the proportion of patients in
the CTC group receiving rescue medication
decreased. Further decreases were seen in the
tramadol group between 8 and 12 h, although
this might be explained by the 6-h tramadol
dose received by patients in this group (44–88
mg in the CTC groups versus 200 mg in the
tramadol group). For subsequent dosing peri-
ods, including in the second half of each period,
use of rescue medication decreased in the CTC
and tramadol groups. Use in the placebo group
also decreased but remained higher than in
other groups. These observations further sup-
port an improved benefit/risk profile for CTC
over tramadol.

The results of this trial are consistent with
findings of a dose-finding phase 2 study [27]
and a phase 3 trial involving patients who had
undergone bunionectomy together with
osteotomy [28]. They are also consistent with
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previously reported preclinical and phase 1 data
showing that CTC has modified physiochemical
properties and pharmacokinetics compared
with tramadol and celecoxib, whether used
alone or in free combination [23–26]. In a
recently reported phase 1 study [24], celecoxib
from CTC resulted in a lower Cmax, reduced area
under the drug concentration-time curve
(AUC), and faster Tmax. Tramadol (and its active
metabolite O-desmethyltramadol) from CTC
was associated with lower Cmax, lower AUC, and
longer Tmax. These modified pharmacokinetic
properties likely underlie the improved efficacy
and safety/tolerability profiles seen in the pre-
sent trial versus tramadol alone.

The favorable benefit/risk profile of CTC has
important clinical implications. Gold standard
for management of acute pain following oral
surgery is use of an agent that is anti-inflam-
matory with analgesic properties. Nevertheless,
even strong opioids have been commonly pre-
scribed following dental surgical procedures,
although there are geographical variations in
such prescribing [9, 34–37]. The extent of the
opioid crisis in the US and beyond is driving
strategies to reduce the use of opioids [38]. The
results of this study should be considered in the
context of an alternative for acute pain of con-
siderable intensity, as combining analgesics
with different mechanisms of action means that
a wider spectrum of pain (beyond that modeled
by third molar extraction) can be covered. CTC
provides anti-inflammatory and analgesic com-
ponents and exhibits improvements over tra-
madol alone, enabling the reduced tramadol
daily dose in CTC. There are important impli-
cations in the context of ambulatory surgery. A
recent study to develop consensus on core out-
come domains for use in the management of
perioperative pain highlighted the importance
of treatment being not only effective at
managing pain intensity but also in minimizing
AEs and optimizing patient self-management
[39]. In this context, it is notable to consider the
high rate of treatment discontinuation in the
group that received tramadol in this study,
which was motivated by the appearance of
adverse effects: 12 (7.5%) patients experienced a
total of 26 AEs leading to discontinuation. The
most frequently occurring AEs leading to

discontinuation were nausea, vomiting, and
dizziness (each occurring in 6 patients), of
which one case of vomiting was serious. No
patients in any group discontinued due to lack
of efficacy. This is particularly relevant to
ambulatory surgery, as patients manage break-
through pain and AEs at home; so the lower rate
of AEs reported here for CTC versus tramadol,
combined with consistent efficacy over time,
might improve patient adherence and therefore
outcomes. To our knowledge, ours is the first
report of the addition of celecoxib to tramadol
analgesia resulting in both decreased tramadol
consumption (versus tramadol monotherapy)
and reduced AEs. CTC is likely to have utility in
patients requiring multimodal analgesia, whose
pain is not sufficiently managed by treatment
with an NSAID or acetaminophen alone, per
Step 2 of the World Health Organization’s
analgesic ladder [40].

Our results align with earlier data showing
that oral tramadol is efficacious postoperatively,
including after oral surgery [40–43], and with
reports of improved efficacy when tramadol is
combined with acetaminophen [44]. Our find-
ings, including response rates, are also compara-
ble with controlled trials of dexketoprofen/
tramadol fixed-dose combination (versus tra-
madol or NSAIDs alone) [45, 46].

This was a large, multicenter, randomized,
double-blind, placebo-controlled, multidose
(72-h treatment) phase 3 trial. Further strengths
of the study include that the third molar
extraction model is predictable, shows high
sensitivity, and is predictive of efficacy in other
somatic acute pain scenarios [47, 48]. The third
molar extraction model has been well charac-
terized, the anesthetic protocol is straightfor-
ward, and the surgical procedure is widely
standardized. In this study, the anesthetic regi-
mens and the duration of the procedure were
well balanced between all treatment groups,
and all patients (100% in each group) had bone
removed during surgery. NSAIDs and opioids
have demonstrable utility in this model
[41, 49, 50]. Additionally, as oral surgery is
ambulatory, results are expected to be general-
izable to other ambulatory procedures causing
acute pain of moderate-to-severe intensity. A
further strength of STARDOM1 is that study
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sensitivity was confirmed by superiority of tra-
madol over placebo. CTC was shown to have
analgesic efficacy in the study, with lower
cumulative daily opioid doses than in the tra-
madol group.

Although tramadol can cause serotonin
syndrome in some patients, rates of side effects
such as respiratory depression are lower com-
pared with potent opioids [51]. While the fre-
quency of serotonin syndrome has not been
fully established [52], it can be associated with
supratherapeutic doses of tramadol [51], mean-
ing that the lower cumulative opioid exposure
seen with CTC, compared with tramadol alone,
may confer a lower risk of this syndrome. It is
possible that fewer NSAID-related AEs may
occur with CTC compared with celecoxib alone
because of the lower dose of celecoxib in CTC
(celecoxib 112 mg in CTC 200 mg; cumulative
celecoxib daily dose of 224 mg) versus the
required dose if using celecoxib alone (maxi-
mum maintenance daily dose of 400 mg [53]).

A limitation of the current study is the
absence of a celecoxib monotherapy arm.
Although celecoxib monotherapy is not
approved for use in acute pain in Europe, it is
approved for this indication in other geographic
regions. A recent phase 3 trial—of postoperative
pain following abdominal hysterectomy—
included both tramadol and celecoxib com-
parator arms and found CTC 200 mg to be
noninferior, but not superior, to tramadol [29].
Another recent phase 3 trial of CTC 200 mg
after bunionectomy with osteotomy [28] inclu-
ded a celecoxib comparator arm (100 mg BID)
and demonstrated that CTC significantly
improved efficacy over celecoxib, as well as over
tramadol. Other potential limitations are the
relatively young age of participants (overall
mean [SD] 25.8 [6.25] years), (although this is
characteristic for third molar extraction surg-
eries), and that most participants were White;
thus, the study population may not be reflective
of the wider post-surgical patient populations.
In the present study, the proportion of patients
with severe baseline pain was lower than
expected, probably because of the relatively
high definition used (70 mm) compared with
other studies conducted in this model [27, 54].
When a 60-mm threshold was applied post hoc,

as in other studies, the proportion was better
aligned with literature reports [27, 47, 54].

CONCLUSIONS

Following oral surgery in this phase 3 trial, CTC
provided superior pain relief versus placebo or
full daily doses of tramadol and improved safety
and tolerability, therefore showing an improved
benefit/risk profile compared with tramadol
alone. Pharmacokinetic results confirmed that
the co-crystal formulation confers profiles not
achievable by coadministration or standard
combination formulation. As cumulative daily
tramadol doses were lower for CTC than for
tramadol alone, CTC could be tramadol-sparing
for patients who might otherwise require max-
imum daily tramadol dosing for acute moder-
ate-to-severe somatic pain, thus enabling
improved tolerability and compliance, particu-
larly for pain management after ambulatory
surgery. CTC’s multimodal and pharmacoki-
netic features, together with lower exposure to
tramadol, may be postulated to account for the
above profile.
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pharmacokinetics of co-crystal of tramadol-cele-
coxib: results of a four-way randomized open-label
phase I clinical trial in healthy subjects. Br J Clin
Pharmacol. 2017;83(12):2718–28.

34. Reines SA, Goldmann B, Harnett M, Lu L. Misuse of
tramadol in the United States: an analysis of the
National Survey of Drug Use and Health
2002–2017. Subst Abuse. 2020;14:
1178221820930006.

35. Chou R, Gordon DB, de Leon-Casasola OA, et al.
Management of postoperative pain: a clinical
practice guideline from the American Pain Society,
the American Society of Regional Anesthesia and
Pain Medicine, and the American Society of Anes-
thesiologists’ Committee on Regional Anesthesia,
Executive Committee, and Administrative Council.
J Pain. 2016;17(2):131–57.

36. Mikosz CA, Zhang K, Haegerich T, et al. Indication-
specific opioid prescribing for US patients with
Medicaid or private insurance, 2017. JAMA Netw
Open. 2020;3(5):e204514.

37. Echeverria-Villalobos M, Stoicea N, Todeschini AB,
et al. Enhanced Recovery After Surgery (ERAS): a
perspective review of postoperative pain manage-
ment under ERAS pathways and its role on opioid
crisis in the United States. Clin J Pain. 2020;36(3):
219–26.

38. Malamed SF. Pain management following dental
trauma and surgical procedures. Dent Traumatol.
2023;39(4):295–303.

39. Pogatzki-Zahn EM, Liedgens H, Hummelshoj L,
et al. Developing consensus on core outcome
domains for assessing effectiveness in perioperative
pain management: results of the PROMPT/IMI-
PainCare Delphi Meeting. Pain. 2021;162(11):
2717–36.

40. Anekar AA, Cascella M. WHO Analgesic Ladder, in
StatPearls. Treasure Island, FL: StatPearls Publish-
ing; 2022.

41. Mishra H, Khan FA. A double-blind, placebo-con-
trolled randomized comparison of pre and postop-
erative administration of ketorolac and tramadol
for dental extraction pain. J Anaesthesiol Clin
Pharmacol. 2012;28(2):221–5.

1044 Adv Ther (2024) 41:1025–1045

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/213426s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/213426s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/213426s000lbl.pdf
https://cima.aemps.es/cima/dochtml/ft/89051/FT_89051.html
https://cima.aemps.es/cima/dochtml/ft/89051/FT_89051.html


42. Borel JF, Deschaumes C, Devoize L, et al. Treating
pain after dental surgery: a randomised, controlled,
double-blind trial to assess a new formulation of
paracetamol, opium powder and caffeine versus
tramadol or placebo [article in French]. Presse Med.
2010;39(5):e103–11.

43. Janssen. Ultram (tramadol hydrochloride) pre-
scribing information. https://www.janssenlabels.
com/package-insert/product-monograph/prescribing-
information/ULTRAM-pi.pdf (2023). Accessed 12 Jul
2023.

44. Fricke JR Jr, Hewitt DJ, Jordan DM, Fisher A,
Rosenthal NR. A double-blind placebo-controlled
comparison of tramadol/acetaminophen and tra-
madol in patients with postoperative dental pain.
Pain. 2004;109(3):250–7.

45. Moore RA, Gay-Escoda C, Figueiredo R, et al.
Dexketoprofen/tramadol: randomised double-blind
trial and confirmation of empirical theory of com-
bination analgesics in acute pain. J Headache Pain.
2015;16:541.

46. Moore RA, McQuay HJ, Tomaszewski J, et al.
Dexketoprofen/tramadol 25 mg/75 mg: randomised
double-blind trial in moderate-to-severe acute pain
after abdominal hysterectomy. BMC Anesthesiol.
2016;16:9.

47. Singla NK, Desjardins PJ, Chang PD. A comparison
of the clinical and experimental characteristics of
four acute surgical pain models: dental extraction,
bunionectomy, joint replacement, and soft tissue
surgery. Pain. 2014;155(3):441–56.

48. Pergolizzi JV, Magnusson P, LeQuang JA, Gharibo
C, Varrassi G. The pharmacological management of

dental pain. Expert Opin Pharmacother. 2020;
21(5):591–601.

49. Isiordia-Espinoza MA, de Jesús Pozos-Guillén A,
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