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ABSTRACT

Introduction:  Dexketoprofen/tramadol 25/75 
mg (DKP/TRAM) is a fixed-dose combination of 
a cyclooxygenase inhibitor and opioid receptor 
agonist. To better understand the efficacy and 
safety of DKP/TRAM in the treatment of moder-
ate to severe acute lower back pain (LBP) with 
or without radiculopathy, we carried out a large 
explorative phase IV international, multicenter, 
prospective, randomized, double-blind, parallel 
group, placebo-controlled study (DANTE).

Methods:  A total of 538 patients with or with-
out a history of LBP and experiencing acute LPB 
of moderate to severe intensity [Numerical Rat-
ing Scale-Pain Intensity (NRS-PI) score > 5] were 
randomized 4:4:1:1 to DKP/TRAM 25/75 mg 
every 8 h (n = 211), tramadol (TRAM) 100 mg 
(n = 207), placebo-matched DKP/TRAM (n = 59), 
or placebo-matched TRAM (n = 61).
Results:  The proportion of patients achiev-
ing the primary endpoint, defined as the time 
to first achieve NRS-PI score < 4 or pain inten-
sity reduction ≥ 30% from drug intake up to 8 h 
after the first dose, was higher in the DKP/TRAM 
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arm than in the placebo group, but the differ-
ence was not statistically significant (46.1% vs. 
42.6%, respectively; hazard ratio 1.11; 95% con-
fidence interval 0.775, 1.595; p = 0.566). DKP/
TRAM achieved superiority over TRAM in total 
pain relief at 4, 6, and 8 h (p < 0.05). Conversely, 
in relation to the secondary endpoints, a signifi-
cantly greater reduction in NRS-PI score was seen 
with DKP/TRAM versus placebo starting from 
1 h, and this reduction remained numerically 
lower throughout 8 h. Summed pain intensity 
difference values were also significantly lower 
at 4, 6, and 8 h with DKP/TRAM compared to 
TRAM (p < 0.05). Overall, DKP/TRAM was well 
tolerated.
Conclusion:  Although the primary endpoint 
was not met, secondary efficacy analyses sug-
gest the superiority of DKP/TRAM over placebo 
and TRAM alone in terms of total pain relief. 
DKP/TRAM can be considered to be an effective 
and safe option for the treatment of moderate 
to severe acute LBP.
Dante Study Registration:  EudraCT number: 
2019–003656-37; ClinicalTrials.gov Identifier: 
NCT05170841.

Keywords:  Acute low back pain; Clinical 
trial; Dexketoprofen trometamol; Fixed-dose 
combination; Tramadol hydrochloride

Key Summary Points 

Why carry out this study?

Dexketoprofen/tramadol 25/75 mg (DKP/
TRAM) is a fixed-dose combination of a 
cyclooxygenase (COX) inhibitor and opioid 
receptor agonist

We carried out a large explorative phase IV 
prospective, randomized, double-blind, paral-
lel group, placebo-controlled study (DANTE) 
to investigate DKP/TRAM for the treatment 
of moderate to severe acute lower back pain 
(LBP)

What was learned from the study?

The primary endpoint (time to first achieve 
a Numerical Rating Scale-Pain Intensity 
[NRS-PI] score < 4 or a pain intensity reduc-
tion ≥ 30% from drug intake up to 8 h after 
the first dose) was not met

Secondary efficacy analyses suggest the supe-
riority of DKP/TRAM over placebo and TRAM 
in terms of total pain relief

DKP/TRAM can be considered an effective 
and safe option for the treatment of moder-
ate to severe acute LBP

INTRODUCTION

Lower back pain (LBP) is a highly prevalent con-
dition with an estimated lifetime prevalence 
of up to 80% [1]. LBP is a prominent cause of 
limitations in activity and employment, and is 
responsible for substantial social and economic 
burdens [2, 3]. Natural recovery from acute LBP 
depends on a number of factors, including gen-
der, marital status, sports activities, and history 
of LBP [4]. While there are a number of treat-
ment options for acute LBP, the majority still 
lack a high level of evidence [5–7]. A review 
of clinical practice guidelines for LBP reported 
that the most frequently recommended drugs 
for first-line treatment of acute LBP were non-
steroidal anti-inflammatory drugs (NSAIDs) and 
that acetaminophen and skeletal muscle relax-
ants were not consistently recommended to 
treat acute LBP [8]. Notwithstanding, it should 
be highlighted that attention should be given to 
the prescribing of opioids to minimize the risk 
of opioid use disorder [9].

In general, achieving adequate pain control 
with pharmacological monotherapy is often 
sub-optimal, and combining drugs with diverse 
mechanisms of action is a valid strategy to pro-
vide greater pain relief and/or improved toler-
ability; notwithstanding, at present there is no 
solid evidence or clinical practice guidelines to 
support the routine use of combination therapy 
to manage LBP [10]. Indeed, recent meta-anal-
yses found no evidence for benefit of NSAIDs 
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administered alone in LBP [11, 12]. This may 
suggest that the combination of NSAIDs and 
a weak opioid might be a rationale means to 
achieve the desired benefit in LBP. In this regard, 
multimodal analgesia is currently regarded as a 
cornerstone of effective pain management [13, 
14], and this is reflected in current guidance 
which now advocates the benefits of a multi-
modal and multidisciplinary approach to relieve 
pain [15].

Cyclooxygenase (COX) inhibitor/opioid 
receptor agonist combinations are considered 
to have great potential for multimodal man-
agement for pain since the combination can 
provide adequate analgesia while still provid-
ing a more desirable safety profile as the use 
of COX inhibitors has an opioid-sparing effect 
[16]. In daily practice, combination therapy 
with an opioid analgesic + acetaminophen or 
an NSAID is frequently used to manage LBP 
[10, 17]. This strategy is reflected in a recent 
Delphi survey in which it was agreed that com-
bination therapy with an opioid and NSAID/
paracetamol is useful in moderate to severe-
acute refractory LBP [18].

Among the different fixed-dose combina-
tions of a COX inhibitor + opioid receptor 
agonist, the dexketoprofen/tramadol 25/75 mg 
(DKP/TRAM) combination  is being increas-
ingly considered as a multimodal option due 
to its analgesic efficacy, fast onset of action, 
and prolonged duration, as reported in several 
models of pain [19–23]. Evidence of the anal-
gesic efficacy of DKP/TRAM in LBP has been 
documented in observational studies, which 
have shown that the oral DKP/TRAM 25/75 mg 
fixed-dose combination is effective in patients 
with acute LBP associated with lumbar disc 
herniation [24], as well as in non-specific LBP 
[25]. However, these studies are limited by 
relatively small sample sizes and their single-
center design [24, 25].

To better understand the efficacy and safety 
of DKP/TRAM in the treatment of moderate 
to severe acute LBP with or without radicu-
lopathy, we carried out a large, explorative, 
international, multicenter, prospective, rand-
omized, double-blind trial, the DANTE study.

METHODS

The design of the DANTE trial (EudraCT Num-
ber: 2019-003656-37) has been previously 
published in detail [26]. The salient features 
are reported herein. This study was performed 
in compliance with International Council for 
Harmonisation (ICH) Good Clinical Practices 
(GCP), including the archiving of essential 
documents, as well as the ethical principles 
of the Declaration of Helsinki of 1964 and its 
later amendments. The study protocol and pro-
tocol amendments, patient information leaf-
let, informed consent form (ICF), Summary of 
Product Characteristics (SmPC), and any other 
relevant documents according to National Regu-
lations were reviewed and approved by an inde-
pendent ethics committee (IECs) and the Health 
Authorities (HAs) of the participating countries. 
All local, national, and legal requirements for 
the conduct of a clinical study were followed. 
Prior to the patient’s enrollment into the study 
and before performing any study-related proce-
dures, the Investigator or its authorized delegate 
obtained the patient’s written, dated, and signed 
informed consent to participate in the study and 
to allow the confidential disclosure, processing, 
and transferring of necessary documentation 
of the patient’s health and personal data to the 
contract research organization (CRO), Spon-
sor and its Affiliates, the competent HAs, and 
any other institutions, as legally required and 
in accordance with the local applicable privacy 
laws. All ethics committees involved in the study 
are listed in Electronic Supplementary Material 
(ESM) Table 1.

Study Design

This was a phase IV, multicenter, randomized, 
double-blind, double-dummy parallel group, 
placebo, and active controlled study carried 
out from September 2020 to May 2022. The 
study was conducted at 36 sites in six European 
countries and recruited patients from hospitals 
(Emergency Department), private clinics, and 
site management organizations. The trial was 
divided into two phases: a single-dose phase (day 
1, t0–t8h) followed by a multiple-dose phase 
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beginning immediately (from t8h to 8 h after 
intake of the last dose at day 5). Study participa-
tion lasted up to 8 days, which included: (1) visit 
1 (day 1), the screening phase, randomization, 
and first administration of study treatment; (2) 
day 1 to day 5, treatment and assessment period; 
(3) visit 2, end of the study visit (day 6 with an 
allowed window of ± 2 days). Randomization and 
blinding were carried out using an interactive 
web response system. Patients were randomized 
at 4:4:1:1 to one of four treatment groups: DKP/
TRAM 25/75 mg; tramadol (TRAM) 100 mg; 
placebo-DKP/TRAM; or placebo-TRAM, with all 
capsules given every 8 h (Fig. 1). The immediate-
release formulation of TRAM was used. TRAM 

100 mg was administered as two capsules 50 mg 
each + one tablet placebo every 8 h. DKP/TRAM 
was given as one tablet 25/75 mg + two capsules 
placebo every 8 h. Patients receiving placebo 
were administered two capsules placebo + one 
tablet placebo.

The patients assigned to received the DKP/
TRAM fixed combination or TRAM 100 mg 
during the single-dose phase continued to 
receive the same treatment during the multi-
ple-dose phase; however, patients assigned to 
receive placebo during the single-dose phase 
received either the DKP/TRAM fixed combina-
tion or TRAM 100 mg during the multiple-dose 
phase. The double-dummy technique was used 

Fig. 1   Design of the DANTE study. Participants expe-
riencing moderate to severe acute lower back pain were 
randomized 4:4:1:1 ratio to one of four treatment groups: 
DKP/TRAM 25/75 mg administered orally as a single 
film-coated tablet every 8 h; TRAM 100 mg administered 
as two capsules containing TRAM 50 mg every 8 h; pla-
cebo-DKP/TRAM; or placebo-TRAM [26]. Single aster-
isk (*) A total of 70 patients discontinued: DKP/TRAM, 
n = 28; TRAM, n = 25; Placebo-DKP/TRAM, n  = 6; 

Placebo-TRAM, n = 11. Double asterisks (**) During the 
single-dose phase patients were randomized to receive pla-
cebo or DKP/TRAM or TRAM, and in the multiple-dose 
phase they were randomized to receive DKP/TRAM or 
TRAM. DKP Dexketoprofen,  DKP/TRAM 25/75 mg 
dexketoprofen/tramadol fixed-dose combination, ERT 
eResearch Technology, ITT intention to treat,  TRAM 
tramadol 
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to ensure the double-blind condition of DKP/
TRAM 25/75 mg versus TRAM 100 mg versus 
placebo. Paracetamol 500 mg orally for a max-
imum of 2 g per day was the recommended 
rescue medication, to be taken orally. Rescue 
medication could be taken at any time after 
the first dose if adequate pain relief was not 
achieved with the study treatment; however, 
patients were encouraged to wait for at least 
60 min after dosing to allow time for the study 
treatment effect to take place.

Inclusion and Exclusion Criteria

Patients aged 18 to 65 years with or without a 
previous history of LBP experiencing new epi-
sodes of moderate to severe intensity [Numeri-
cal Rating Scale-Pain Intensity (NRS-PI) score > 5] 
with or without radiculopathy after a period of 
at least 2 months without any LBP were eligi-
ble for enrollment. The age range was chosen 
to avoid a population that can create a bias on 
the subjective evaluation of pain and also reduce 
the likelihood that the LBP was secondary to any 
other serious underlying conditions (e.g., can-
cer). The current acute LBP episode had to be 
within 48 h prior to screening. Exclusion crite-
ria included acute LBP with radiation to limb 
and presence of neurologic signs according to 
the Quebec Task Force Classification [27]; spinal 
surgery within the preceding 6 months; known 
or suspected serious spinal pathology; and treat-
ment with topical preparations/medications 
within 4 h prior to screening, with anesthetics 
and muscle relaxants within 8 h prior to screen-
ing, with short-acting analgesics within 4 h prior 
to screening, and with an opioid within 14 days 
prior to screening. No opioid-related eligibility 
criterion (e.g., history of long-term opioid use, 
opioid abuse, or opioid dependence) was used 
during recruitment.

Study Endpoints

The primary endpoint, assessed during the 
single-dose phase, was the time to first achieve 
an NRS-PI score < 4 or a pain intensity reduc-
tion ≥ 30% from drug intake up to 8 h after the 

first dose (t8h). The NRS-PI evaluates the severity 
of pain using a scale of 0–10, with 0 indicating 
no pain and 10 indicating the worst pain imagi-
nable [28]. Key secondary endpoints included 
total pain relief (TOTPAR), percentage of maxi-
mum TOTPAR (%max TOTPAR), Roland Morris 
Disability Questionnaire (RMQ), and summed 
pain intensity difference (SPID) at different 
timepoints during the single- and multiple-dose 
phases. In the single-dose phase, key secondary 
endpoints were percentage of maximum SPID 
(%max SPID) at 4, 6, and 8 h after the first dose, 
patient global evaluation (PGE) of the study 
medication at 8 h after the first dose, time to 
rescue medication, and percentage of patients 
who required rescue medication within the first 
4, 6, or 8 h post-dose. The exploratory efficacy 
endpoint was the time to first achieve an NRS-
PI score < 4 and a pain intensity reduction ≥ 30% 
from drug intake at 6-, or 8-h post-dose.

Safety Assessments

Safety endpoints considered the incidence, 
severity, grade, and causality of adverse events 
(AEs) as well as clinically significant changes in 
laboratory evaluations. AEs were considered to 
be related to the study treatment unless they 
met the definition of either “unlikely related” 
(i.e., a causal relationship cannot be definitively 
ruled out, but other drugs or underlying disease 
provide plausible explanations and/or the tem-
poral relation to the administration of the drug 
makes a causal relation improbable) or “not 
related” (i.e., any of the following are present: 
existence of a clear alternative explanation, and/
or unreasonable temporal relationship between 
drug and event, and/or non-plausibility).

Data Management

Data collected during the study were recorded in 
an electronic case report form (eCRF). The inves-
tigator (or designee) was responsible for entering 
study data into the eCRF in accordance to the 
eCRF user guidelines, and ensured the accuracy, 
the completeness, and the consistency of the 
data entered in the eCRF. On the eCRF, patients 
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were identified by a patient number, which was 
assigned at the screening visit. The patient num-
ber was a number composed of numeric values. 
During the conduct of the clinical part of the 
study, the eCRF was to be always available and 
up-to-date, in order to reflect the latest observa-
tions on the respective patient. The investiga-
tor or any designee was responsible for entering 
study data into the eCRF.

Data management of the eCRFs was per-
formed by the contract research organization 
appointed by the study sponsor. All data were 
verified in a timely manner for missing infor-
mation, inconsistencies, and for any necessary 
medical clarifications. Queries arising from the 
edit checks (either programmed or manual) were 
sent to the investigator for response. Once all 
data queries had been resolved, and comments/
changes arising from the blind Data Review 
Meeting incorporated, the study data were 
declared to be “clean”, and the study database 
was locked ready for analysis. Once the database 
was locked and the data blind review report was 
approved, unblinding was performed.

Statistical Analysis

For the primary efficacy analysis, the inten-
tion-to-treat (ITT) population was considered. 
The original study power was set at 90%, but 
given the COVID-19 pandemic a sample size 
re-estimation was proposed in order to achieve 
a desired power level of 80%. At this level, a 
sample size of 510 patients was required to 
detect the difference between DKP/TRAM and 
placebo and to demonstrate the non-inferior-
ity of DKP/TRAM versus TRAM for the time 
to first achieve an NRS-PI score < 4 or a pain 
intensity reduction ≥ 30% from drug intake 
up to 8 h after the first dose. A modified ITT 
approach was also used which maintained 
the 4:4:1:1 ratio of patients across the treat-
ment arms considering the first cohort of 510 
patients randomized to the four treatment 
arms. The primary efficacy endpoint was ana-
lyzed for the superiority of DKP/TRAM 25/75 
mg versus placebo on the ITT population using 
a Cox proportional hazard (CPH) model with 
treatment, baseline pain intensity categories, 

and baseline radiculopathy categories as covar-
iates. If more than one consecutive data were 
missed, the last-observation-carried-forward 
(LOCF) method was applied. A p value < 0.05 
was considered to indicate significance. Non-
inferiority of DKP/TRAM versus TRAM was 
tested with a one-sided significance level of 
2.5%. For time-to-event variables, the non-
inferiority margin was 0.80, based on the haz-
ard ratio (HR), while for continuous variables 
the non-inferiority margin was 20% (0.20), 
based on the least squares (LS) mean of treat-
ment difference. For binary variables, the non-
inferiority margin was 0.80, based on the odds 
ratio (OR). Lastly, for non-parametric compari-
sons, the Wilcoxon rank-sum test was used.

RESULTS

Baseline Characteristics

The study design of DANTE is shown in Fig. 1. 
A total of 544 patients with acute LBP were 
screened, of whom 538 were randomized to 
the treatment groups as follows: DKP/TRAM 
(n = 211); TRAM (n = 207); placebo-DKP/TRAM 
(n = 59); placebo-TRAM (n = 61). Baseline char-
acteristics are shown in Table 1. The mean (± 
standard deviation [SD]) age of the entire cohort 
was 42.9 ± 12.5 years and the proportion of males 
and females was 52.6% and 47.4%, respectively. 
Overall, about one-half of patients had radicu-
lopathy, and more than one-third of them had 
radiation to a distal or proximal extremity. The 
mean NSR-PI score was 7.0 ± 1.3 for all groups, 
and one-third of patients had severe pain. Of 
the 538 patients enrolled, 468 (87.0%) com-
pleted the study treatment, and the remaining 
70 (13.0%) discontinued the study after the first 
dose. The main reason for discontinuation was 
AEs (n = 55, 78.6%), which are described in detail 
below.

Efficacy

The primary endpoint of the study was not 
met. Specifically, although the proportion of 
patients with NRS-PI score < 4 or pain intensity 
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reduction ≥ 30% was numerically higher in the 
DKP/TRAM arm compared with the placebo arm 
(46.1% vs. 42.6%, respectively), the HR was 1.11 
and not statistically significant [95% confidence 
interval (CI) 0.775, 1.595; p = 0.566] using a CPH 
model with treatment, baseline pain intensity 
categories, and baseline radiculopathy cat-
egories as factors. In relation to the secondary 

endpoints, the mean time to reach an NRS-PI 
score < 4 or pain intensity reduction ≥ 30% from 
drug intake up to 8 h after the first dose was 
105 (range 15–480) min in the DKP/TRAM group 
compared to 120 (range 15–360) min in the pla-
cebo groups (ESM Table 2).

Changes in TOTPAR at 4, 6, and 8 h are 
shown in Fig. 2. During the single-dose phase, 

Table 1   Baseline characteristics of the cohort

BMI Body mass index, DKP/TRAM dexketoprofen trometamol/tramadol hydrochloride fixed-dose combination, eCRF 
electronic case report form, IRT Interactive Response Technology, LBP lower back pain, NRS-PI Numerical Rating Scale-
Pain Intensity, SD standard deviation, TRAM tramadol hydrochloride

Characteristics DKP/
TRAM 
(n = 211)

TRAM (n = 207) Placebo (n = 120) Overall (N = 538)

Age (years), mean (SD) 42.9 (12.5) 43.4 (13.2) 42.1 (12.7) 42.9 (12.8)

BMI (kg/m2), mean (SD) 27.4 (5.4) 27.1 (5.2) 27.5 (5.1) 27.30 (5.2)

Sex, n (%)

Male 113 (53.6) 106 (51.2) 64 (53.3) 283 (52.6)

Female 98 (46.4) 101 (48.8) 56 (46.7) 255 (47.4)

Radiculopathy (eCRF), n (%)

Yes 104 (49.3) 109 (52.7) 63 (52.5) 276 (51.3)

No 107 (50.7) 98 (47.3) 57 (47.5) 262 (48.7)

Radiculopathy category (eCRF), n (%) 

LBP without radiation 134 (63.5) 133 (64.3) 77 (64.2) 344 (63.9)

LBP with radiation to extremity proximally 53 (25.1) 49 (23.7) 29 (24.2) 131 (24.3)

LBP with radiation to extremity distally 24 (11.4) 25 (12.1) 14 (11.7) 63 (11.7)

Radiculopathy (IRT), n (%) 

LBP without radiation 136 (64.5) 135 (65.2) 76 (63.3) 347 (64.5)

LBP with radiation to extremity proximally 52 (24.6) 48 (23.2) 31 (25.8) 131 (24.3)

LBP with radiation to extremity distally 23 (10.9) 24 (11.6) 13 (10.8) 60 (11.2)

Screening NRS-PI (eCRF), n (%)

5 ≤ NRS-PI ≤ 7 (moderate) 137 (64.9) 143 (69.1) 77 (64.2) 357 (66.4)

NRS-PI > 7 (severe) 74 (35.1) 64 (30.9) 43 (35.8) 181 (33.6)

Screening NRS-PI (IRT), n (%)

5 ≤ NRS-PI ≤ 7 (moderate) 133 (63.0) 132 (63.8) 75 (62.5) 340 (63.2)
NRS-PI > 7 (severe) 78 (37.0) 75 (36.2) 45 (37.5) 198 (36.8)
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DKP/TRAM achieved superiority over TRAM in 
TOTPAR at 4, 6, and 8 h in the modified ITT 
population (4h: LS mean difference 0.78; 95% 
CI 0.163, 1.402; p = 0.013; 6h: LS mean differ-
ence 1.33; 95% CI 0.380, 2.280; p = 0.006; 8h: 
LS mean difference 1.59; 95% CI 0.336, 2.840; 
p = 0.013). The DKP/TRAM combination also 
achieved superiority over placebo in TOTPAR at 
6 and 8 h (6h: LS mean difference 1.28; 95% 
CI 0.118, 2.450; p = 0.031; 8h: LS mean differ-
ence 1.73; 95% CI 0.194, 3.270; p = 0.027). The 
LS mean %max TOTPAR at 4, 6, and 8 h was 
significantly higher with DKP/TRAM compared 
to TRAM [per protocol (PP) population at 4 h: 
30.10 vs. 24.55; p = 0.005; at 6 h: 32.16 vs. 25.61; 
p = 0.001; at 8 h: 33.32 vs. 27.15; p = 0.002]. There 
was a significantly higher percentage of patients 
achieving at least 50% of maximum TOTPAR at 
4, 6, and 8 h after the first dose in the DKP/
TRAM arm compared with the TRAM arm (modi-
fied ITT population, at 4 h: 20.6% vs 8.8%; 
p < 0,001; at 6 h: 22.5% vs 9.8%; p < 0,001; at 8h 
23.5% vs 11.3% p = 0.001) (Fig. 3). The percent-
age of achieving changes in SPID in the PP popu-
lation are shown in Fig. 4; significantly lower 
values were seen at 4, 6, and 8 h versus placebo. 

Changes in SPID are shown in Fig. 2b. In the 
single-dose phase, SPID values were significantly 
lower at 4, 6, and 8 h in the DKP/TRAM group 
compared  with the TRAM group. The LS mean 
of SPID was significantly lower in the DKP/
TRAM compared with TRAM arm at 4, 6, and 
8 h after dosing in the PP population (t4h: LS 
mean difference − 1.55; 95% CI − 2.637, − 0.454; 
p = 0.003; t6h: LS mean difference − 2.41; 95% 
CI − 4.156, − 0.671; p = 0.003; t8h: LS mean dif-
ference − 2.95; 95% CI − 5.247, − 0.653; p = 0.006). 

The time to first achieve an NRS-PI score < 4 or 
pain intensity reduction ≥ 30% from drug intake 
until 8 h after the first dose is shown in ESM 
Tables 3 and 4, respectively. The related HR for 
DKP/TRAM versus placebo was 1.10 (p = 0.576) in 
the ITT population and 1.17 (p = 0.397) in the PP 
population. A significantly greater reduction in 
NRS-PI was seen with DKP/TRAM versus placebo 
starting from 1 h, which remained numerically 
lower, but not statistically significant, through-
out 8 h (Fig. 5). The analysis of the PGE in the 
single-dose phase is presented in ESM Table 5.

All 510 patients in the single-dose phase con-
tinued to the multiple-dose phase, and none 
were lost. During the multiple-dose phase, 

Fig. 2   Changes in total pain relief (TOTPAR) at 4, 6, and 
8 h after the first dose (T4h, T6h, T8h) in the modified 
intent-to-treat population. Asterisk (*) indicates signifi-
cant difference at p < 0.05 vs. placebo; obelisk (†) indicates 

significant difference at p < 0.05 vs. TRAM. DKP/TRAM 
Dexketoprofen/tramadol fixed-dose combination, TRAM 
tramadol
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DKP/TRAM achieved superiority over TRAM in 
TOTPAR at 24, 48, and 72 h in the modified ITT 
population (24 h: LS mean difference 3.62; 95% 

CI 0.083, 7.165; p = 0.045; 48 h: LS mean dif-
ference 7.62; 95% CI 0.263, 14.973; p = 0.042; 
72 h: LS mean difference 11.99; 95% CI 0.721, 

Fig. 3   Percentage of patients achieving at least 50% of 
maximum total pain relief (TOTPAR) in the modified 
intent-to-treat population. Asterisk (*) indicates significant 
difference at p < 0.05 vs. placebo at all timepoints; obelisk 

(†) indicates significant difference at p < 0.05 vs. TRAM 
at all timepoints. DKP/TRAM Dexketoprofen/tramadol 
fixed-dose combination, TRAM tramadol, T4h, T6h, T8h 
4, 6, and 8 h after the first dose 

Fig. 4   Changes in summed pain intensity difference 
(SPID) at 4, 6, and 8 h after the first dose(T4h, T6h, T8h) 
per protocol population. Obelisk (†) indicates significant 

difference at p < 0.05 vs. TRAM. DKP/TRAM Dexketo-
profen/tramadol, TRAM Tramadol
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Fig. 5   Summary of Numerical Rating Scale-Pain Intensity 
(NRS-PI) score by timepoints (single-dose phase) in the 
modified intent-to-treat population. There were no statis-

tically significant differences between groups at any time-
point. DKP/TRAM Dexketoprofen/tramadol

Fig. 6   Percentage of maximum total pain relief (TOT-
PAR) at 24, 48, 72, and 96 h of the multiple-dose phase 
(T24h, T48h, T72h, T96h) estimated from the analysis of 
covariance arm in the per protocol population. Asterisk 

(*) indicates a signficant difference at p < 0.05 vs. TRAM 
at all timepoints. DKP/TRAM Dexketoprofen/tramadol, 
TRAM Tramadol
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23.257; p = 0.037). The LS mean %max TOTPAR 
at 24, 48, 72, and 96 h was significantly higher 
in the DKP/TRAM arm than in the TRAM arm 
in the PP population (at 24 h: 47.75 vs. 42.97; 
p = 0.007; at 48 h: 52.61 vs. 47.68; p = 0.007; at 
72 h: 56.28 vs. 51.17; p = 0.007; at 96 h: 59.36 
vs. 54.42; p = 0.010) (Fig. 6). The percentage of 
patients achieving at least 50% of maximum 
TOTPAR at 24, 48, 72, and 96 h after the first 
dose was higher in the DKP/TRAM arm com-
pared with the TRAM group; it was also signifi-
cantly higher in the DKP/TRAM arm versus the 
TRAM arm at 48 and 72 h in the PP population 
(at 24 h: 46.4% vs. 42.6%; p = 0.170; at 48 h: 60% 
vs. 46.5%; p = 0.001; at 72 h: 62.6% vs. 53.5%; 
p = 0.019; at 96 h: 65.1% vs. 60.4%; p = 0.146).

There was no significant difference in the 
LS means of SPID between the DKP/TRAM and 
the TRAM arms at any timepoint during the 
multiple-dose phase (24, 48, 72, and 96 h).

At 96 h of the multiple-dose phase, there was 
a reduction in mean RMQ total scores from 64.1 
at baseline to 29.6 at 104 h in the DKP/TRAM 
arm and from 65.2 at baseline to 35.2 at 104 h in 
the TRAM arm. The mean percentage change in 
RMQ score from baseline to t104 h was − 53.5% 
and − 46.1% in the DKP/TRAM and TRAM arms, 
respectively. There was no significant difference 
in LS mean score at 104 h between the DKP/
TRAM and the TRAM arms (p = 0.067). Data on 
PGE at 96 h of the multiple-dose phase and RMQ 
total score are presented in ESM Tables 6 and 7, 
respectively.

Use of Rescue Medication

Time to rescue medication ranged from 79 to 
450 min in the DKP/TRAM arm and from 91 to 
365 min in the TRAM arm. No significant dif-
ference in the time to first use of rescue medica-
tion was reported between the DKP/TRAM and 
TRAM arms. In the single-dose phase, 11 (5.2%) 
patients in the DKP/TRAM arm, 14 (6.8%) in 
the TRAM arm, and nine (7.5%) in the placebo 
arm received rescue medication. Of these, nine 
(4.3%) patients in DKP/TRAM arm, 11 (5.3%) in 
the TRAM arm, and five (4.2%) in the placebo 
arm took rescue medication once. The frequency 

of taking rescue medication twice or ≥ 3 times 
was < 2% in all treatment arms.

Safety

Overall, the DKP/TRAM fixed-dose combination 
was well tolerated in patients with moderate to 
severe acute LBP after a single-dose (first 8 h) and 
during the multiple-dose phase (from 8 h up to 
day 5). No clinically significant hematological 
abnormalities were reported in the study and 
there were no major changes in vital signs.

In the single-dose phase (Table 2), a total of 
70 (13.0%) patients had at least one treatment-
emergent adverse event (TEAE), with a rate of 
13.3%, 15%, and 9.2% in the DKP/TRAM, TRAM, 
and placebo groups, respectively. There were 
no statistically significant differences in TEAEs 
between the DKP/TRAM and TRAM groups in 
either the single- or multiple-dose phases, or 
between DKP/TRAM and placebo in the single-
dose phase. The majority of TEAEs were mild 
or moderate in intensity. One severe TEAE (uri-
nary calculus) was reported in the DKP/TRAM 
arm and was considered to be serious and unre-
lated to treatment. Treatment-related TEAEs 
were reported in 63 (11.7%) patients, with an 
incidence of 11.8%, 13.0%, 9.2% in the DKP/
TRAM, TRAM, and placebo arms, respectively. 
In the single-dose phase, > 1% of the patients in 
the DKP/TRAM, TRAM, and placebo arms had 
the following TEAEs: dizziness (5.7%, 5.8%, and 
1.7%, respectively) and nausea (3.8%, 2.9%, 
and 4.2%, respectively). In the multiple-dose 
phase, > 1% of the patients in the DKP/TRAM 
and in the TRAM arms had the following TEAEs: 
nausea (6.7%, 9.3%, respectively), dizziness 
(6.3%, 6%, respectively), vomiting (4.8%, 8.2%, 
respectively), somnolence (4.4%, 2.6%, respec-
tively), headache (3%, 1.9%, respectively), and 
constipation (1.9%, 1.1%, respectively).

TEAEs leading to discontinuation in the 
single-dose phase are shown in Table 2. Treat-
ment discontinuations due to TEAEs were 
reported in 17 (3.2%) patients, with a compa-
rable incidence between groups. In the multi-
ple-dose phase, 141 (26.2%) patients reported 
TEAEs, with a comparable incidence between 
the DKP/TRAM (25.2%) and TRAM (27.2%) 
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arms (Table 2). The majority of the TEAEs were 
mild to moderate in intensity. Three (0.6%) 
patients had severe TEAEs. Treatment-related 
TEAEs were reported in 127 (23.6%) patients, 
with a comparable incidence between the DKP/

TRAM and the TRAM arms (22.6% and 24.6%, 
respectively). Treatment discontinuations due 
to TEAEs were reported in 38 (7.1%) patients 
with an incidence of 7.5% versus 6.7% in the 

Table 2   Treatment-emergent adverse events

There were no significant differences in TEAEs between the DKP/TRAM and TRAM groups in either the single- or multi-
ple-dose phases, or between DKP/TRAM and placebo in the single-dose phase
DKP/TRAM Dexketoprofen trometamol/tramadol hydrochloride fixed-dose combination, TEAE treatment-emergent 
adverse event, TRAM tramadol hydrochloride

Treatment-emergent adverse events DKP/TRAM, 
n (%)

TRAM, n  (%) Placebo, n  (%) Overall, n  (%)

Single-dose phase

 N 211 207 119 537

 Any TEAE 28 (13.3) 31 (15.0) 11 (9.2) 70 (13.0)

 Any serious TEAE 1 (0.5) 0 0 1 (0.2)

 Any TEAE leading to discontinuation 6 (2.8) 7 (3.4) 4 (3.4) 17 (3.2)

Related/unrelated

 Related 25 (11.8) 27 (13.0) 11 (9.2) 63 (11.7)

 Unrelated 3 (1.4) 4 (1.9) 0 7 (1.3)

Severity

 Mild 17 (8.1) 17 (8.2) 7 (5.9) 41 (7.6)

 Moderate 10 (4.7) 14 (6.8) 4 (3.4) 28 (5.2)

 Severe 1 (0.5) 0 0 1 (0.2)

Multiple-dose phase

 N 270 2268 – 538

 Any TEAE 68 (25.2) 73 (27.2) – 141 (26.2)

 Any serious TEAE 0 1 (0.4) – 1 (0.2)

 Any TEAE leading to discontinuation 18 (6.7) 20 (7.5) – 38 (7.1)

Related/unrelated

 Related 61 (22.6) 66 (24.6) – 127 (23.6)

 Unrelated 7 (2.6) 7 (2.6) – 14 (2.6)

Severity

 Mild 45 (16.7) 50 (18.7) – 95 (17.7)

 Moderate 22 (8.1) 21 (7.8) – 43 (8.0)
 Severe 1 (0.4) 2 (0.7) – 3 (0.6)
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TRAM and DKP/TRAM groups, respectively 
(ESM Table 8).

DISCUSSION

Dexketoprofen/tramadol 25/75 mg is an oral 
fixed-dose combination that acts through a 
multimodal approach to moderate-to-severe 
acute pain since it has central analgesic action 
along with a peripheral analgesic effect and anti-
inflammatory activity [14]. DANTE is the first 
phase IV trial investigating the effects of DKP/
TRAM on LBP. The primary efficacy objective 
was to evaluate the analgesic efficacy of DKP/
TRAM compared to placebo in patients with 
moderate to severe acute LBP for the first 8 h 
following the initial dose. A composite primary 
endpoint was selected to address this research 
question, namely, time to first achieve an NRS-
PI score < 4 or a pain intensity reduction ≥ 30% 
from drug intake up to 8 h after the first dose 
(t8h); this endpoint was not met. Neverthe-
less, some considerations should be taken into 
account when interpreting the study results.

 First, the primary endpoint was quite ambi-
tious, aiming at demonstrating a faster reduction 
of pain intensity beyond a certain threshold. In 
fact, this endpoint was a dichotomous variable, 
which did not punctually quantify pain reduc-
tion following the administration of either DKP/
TRAM or placebo.

 Second, DKP/TRAM showed a positive trend 
over placebo in terms of first achieving an NRS-
PI score < 4 or a pain intensity reduction ≥ 30% 
from drug intake up to 8 h after the first dose, 
but the difference did not reach statistical sig-
nificance. This was mainly related to the overall 
lower rates of patients achieving the primary 
endpoint compared to those estimated. In addi-
tion, the high level of pain at baseline (mean 
NRS-PI score of 7) may have influenced this 
result. It should also be noted that the use of 
rescue medication was low in all treatment arms, 
which might have contributed to the overall low 
number of events in either arm.

Third, when it comes to continuous mode of 
pain intensity assessment, as defined by the sec-
ondary efficacy endpoints, the effectiveness of 

the fixed-dose combination clearly emerged. The 
discrete measurement of pain intensity chosen 
for the primary efficacy analysis did not allow 
capture of the analgesic effect as a whole, flat-
tening the differences in pain reduction. This 
finding may be helpful for the design of future 
studies in the setting of LBP in which each point 
of NRS-PI reduction may translate into clinically 
meaningful advantages. The safety results indi-
cated that the DKP/TRAM fixed combination is 
safe and well-tolerated in patients with mod-
erate to severe acute LBP after both single and 
repeated doses. The majority of the TEAEs dur-
ing the study were mild or moderate in inten-
sity; there were only two serious adverse events, 
both of which were unrelated to the study medi-
cation. Overall, the discontinuation rate due to 
TEAEs was low (3.2%) in both the single-dose 
and multiple-dose phases, confirming that the 
DKP/TRAM fixed combination was well-toler-
ated. The majority of patients had no clinically 
significant abnormalities in laboratory param-
eters. Moreover, the spectrum and frequency of 
adverse events was similar between the different 
treatment arms.

In the clinical setting of acute LBP, the DKP/
TRAM fixed combination was previously eval-
uated in a smaller observational study [24]. 
Compared to diclofenac/thiocolchicoside, 
DKP/TRAM provided significantly greater and 
sustained analgesia at days 3 and 7, with a 
higher proportion of responders. The present 
trial extends those results in a larger number of 
patients and with a randomized design. In the 
present study, the results with TOTPAR, but not 
SPID, were significantly greater with DKP/TRAM 
compared to TRAM at 24, 48, and 72 h.

Even if a wide range of treatment approaches 
are available, there is no consensus on the 
most effective pharmacological therapy for 
LBP at present. However, multimodal analge-
sia is highlighted by current guidelines as a 
valid strategy [5–7, 15]. While it is acknowl-
edged that the primary endpoint of the DANTE 
study was not met, the results of key secondary 
efficacy endpoints, such as TOTPAR and SPID, 
clearly demonstrated that the DKP/TRAM fixed 
combination is useful and effective to treat 
acute LBP. It is conceivable that the primary 
efficacy outcome was not met since it was a 
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composite endpoint based on challenging, 
time-dependent, and dichotomous variables. In 
this regard, however, the compelling results in 
terms of secondary endpoints comparing con-
tinuous/categorical variables clearly demon-
strate statistical significance and that the DKP/
TRAM fixed combination can be considered to 
be an effective and safe option in the acute 
moderate to severe LBP treatment armamen-
tarium. In particular, it should be noted that 
DKP/TRAM achieved superiority over TRAM in 
TOTPAR at 4, 6, and 8 h after the initial dose, 
which is an encouraging result. Moreover, the 
combination DKP/TRAM spares the use of opi-
oids and is well tolerated.

Among the limitations of the DANTE study 
are the use of a composite primary endpoint, 
and the lack of a comparator arm receiving a 
COX inhibitor/opioid combination. In addi-
tion, full return to activity was not evaluated, 
no pain phenotyping was performed, a poten-
tial neuropathic component was not assessed, 
and patients with or without radiculopathy 
were enrolled. Moreover, sleep was not evalu-
ated, which can also be a surrogate indicator of 
pain. On the other hand, its main strengths are 
the heterogeneity of patients included, which 
is reflective of routine practice, use of multiple 
assessments for analgesic efficacy, and the large 
size of the cohort, which to our knowledge is 
the largest randomized trial to date investi-
gating a COX inhibitor/opioid combination 
as treatment for acute LBP compared to prior 
studies [24, 25, 29, 30]. The safety profile was 
also good overall.

CONCLUSION

The DANTE trial found that the DKP/TRAM 
fixed combination did not meet the primary 
endpoint of the study, but it was superior over 
placebo and TRAM in terms of total pain relief 
and significantly superior in terms of pain 
reduction over placebo at early timepoints. The 
combination also achieved superiority over 
TRAM in TOTPAR at early timepoints and was 
well tolerated with no safety concerns, while 

sparing the use of opioids. Overall, the results 
stress the validity of multimodal analgesia and 
the DKP/TRAM combination to treat acute LBP.
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