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ABSTRACT

Introduction: A fixed dose combination (FDC)
of ibuprofen 400 mg and caffeine 100 mg has
been shown to be more effective than ibuprofen
400 mg alone for the treatment of acute post-
operative dental pain in a phase III randomised
controlled trial. A post hoc subgroup analysis of
the primary data from an active-/placebo-con-
trolled, double-blind, single-centre, parallel-

group study was conducted in patients with
moderate or severe baseline pain.
Methods: After dental surgery, patients with
moderate or severe pain, which was determined
on a 4-point verbal rating scale (‘no pain’ to
‘severe pain’), received a single dose of ibupro-
fen 400 mg/caffeine 100 mg FDC, ibuprofen
400 mg, caffeine 100 mg or placebo. Pain relief
(PAR) and pain intensity were assessed 0.25, 0.5,
0.75, 1, 1.5, 2, 3, 4, 5, 6, 7 and 8 h after
administration of study medication. The pri-
mary study endpoint was the time-weighted
sum of PAR and pain intensity difference (PID)
from pre-dose baseline, summed for all post-
dose assessment times from 0 to 8 h (SPRID0–8h).
Results: There were 237 patients with moderate
pain and 325 with severe pain at baseline.
SPRID0–8h was significantly improved with the
FDC versus ibuprofen, caffeine and placebo in
the moderate and severe pain subgroups.
Adjusted mean SPRID0–8h difference for the FDC
versus ibuprofen was 18.19 (p\ 0.0001) for
patients with moderate pain and 7.70
(p = 0.0409) for patients with severe pain. With
the exception of the 7-h measurement in
patients with moderate pain, PID was signifi-
cantly improved with the FDC versus ibuprofen
at all measured time points from 0.5 to 8 h. In
the severe pain subgroup, PID was significantly
improved for the FDC versus ibuprofen from 0.5
to 3 h post-dose, but was not significantly dif-
ferent thereafter.
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Conclusion: The enhanced analgesic efficacy of
ibuprofen/caffeine FDC versus ibuprofen is
most pronounced in patients with moderate
intensity pain at baseline, and also evident in
patients with severe baseline pain.
Trial Registration: ClinicalTrials.gov identifier,
NCT01929031.

PLAIN LANGUAGE SUMMARY

The non-steroidal anti-inflammatory drug
(NSAID) ibuprofen is commonly used to relieve
mild to moderate pain. Research suggests that
combining ibuprofen with caffeine can increase
the analgesic efficacy. Previously, a randomised,
double-blind, placebo-controlled study showed
that this ibuprofen/caffeine combination was
significantly more effective than ibuprofen
alone for relieving pain after dental surgery
(wisdom tooth removal). Patients in that study
had moderate or severe pain, so the researchers
conducted another analysis of the study data to
investigate how well the ibuprofen/caffeine
combination worked in patients with moderate
pain and in patients with severe pain. The study
found that a single dose of ibuprofen/caffeine
was significantly more effective than ibuprofen
alone in patients with moderate pain and in
those with severe pain. The analgesic effects of
ibuprofen/caffeine were more marked in
patients with moderate pain than in those with
severe pain. This indicates that ibuprofen/caf-
feine is an effective pain reliever for patients
with moderate pain, and to a lesser extent in
patients with severe pain.

Keywords: Analgesia; Caffeine; Dental pain;
Fixed-dose combination; Ibuprofen;
Postoperative pain

Key Summary Points

Why carry out this study?

While ibuprofen 400 mg is an effective
treatment for postoperative dental pain,
its efficacy can be enhanced with caffeine.
In a randomised, double-blind, placebo-
controlled phase III study, the fixed dose
combination (FDC) of ibuprofen 400 mg
and caffeine 100 mg was more effective
than ibuprofen 400 mg alone for the
treatment of acute postoperative dental
pain.

This post hoc subgroup analysis of the
phase III study was performed to assess the
efficacy of the ibuprofen/caffeine FDC in
those patients with moderate or severe
baseline pain.

What was learned from the study?

The enhanced analgesic efficacy of single
dose of ibuprofen 400 mg/caffeine 100 mg
FDC relative to ibuprofen 400 mg is more
pronounced in patients suffering from
moderate rather than severe baseline pain.

The advantages of the ibuprofen/caffeine
FDC over ibuprofen are even more
pronounced for patients who meet the
recently approved indication (moderate
pain) than the primary study analysis
originally suggested.

INTRODUCTION

The non-steroidal anti-inflammatory drug
(NSAID) ibuprofen has been in clinical use since
1968 and is now one of the most widely used
over-the-counter (OTC) medications for the
management of mild or moderate pain [1–3].
Ibuprofen has a well-proven efficacy and safety
profile in the management of acute pain,
including postoperative dental pain [4, 5], which
is a validated model that is widely used to
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investigate analgesics intended for acute pain
treatment [6, 7].

The analgesic effect of ibuprofen does not
increase above what is known as its ‘ceiling’
dose. Clinical studies have shown that the
maximal effective analgesic dose of ibuprofen
for acute somatic pain is 400 mg [8–10].
Numerous studies have been undertaken to
determine whether adding an adjuvant to the
maximal dose of an NSAID or other analgesics
(e.g. paracetamol) can overcome the ceiling
effect [11]. The most frequently studied adju-
vant is caffeine, which has been shown to
enhance the antinociceptive effects of NSAIDs,
including standard doses of ibuprofen
100–400 mg [2, 12].

Although ibuprofen 400 mg is an effective
treatment for postoperative dental pain, with
greater efficacy than high doses of other com-
monly used OTC analgesics [1, 13], its efficacy
can be augmented with caffeine [12]. A ran-
domised, double-blind, placebo-controlled
study has demonstrated that a fixed dose com-
bination (FDC) of ibuprofen 400 mg and caf-
feine 100 mg was more effective than ibuprofen
400 mg alone for the treatment of acute post-
operative dental pain [12]. Patients in this study
had moderate or severe acute pain at the time of
analgesic administration [12]. The ibuprofen
400 mg/caffeine 100 mg FDC has recently been
approved by health authorities in several Euro-
pean countries for the treatment of acute
moderate pain.

To better understand the analgesic efficacy of
the ibuprofen 400 mg/caffeine 100 mg FDC
depending on the pain intensity, we conducted
a post hoc subgroup analysis of the primary
study efficacy data [12], stratifying patients by
baseline pain intensity. Thereby, we were able
to separately assess the analgesic effect of the
FDC in patients with moderate or severe base-
line pain.

METHODS

The design and conduct of this randomised,
double-blind, active- and placebo-controlled,
single-centre, parallel-group study have been
described in detail previously [12].

The study was conducted in accordance with
the Declaration of Helsinki and International
Conference on Harmonisation guidelines for
Good Clinical Practice [14] and local regula-
tions. The protocol was approved by the insti-
tutional review board of the one participating
centre. All patients provided written informed
consent to participate prior to screening.

Patients

Briefly, eligible study participants were healthy
men and women (aged 18–55 years) scheduled
to undergo surgical extraction of three to four
impacted third molars with a minimum of two
mandibular extractions. Patients qualified for
the study when, after dental surgery, their
baseline pain intensity (PI) was either ‘moder-
ate’ or ‘severe’ on a 4-point verbal rating scale
(VRS) with the following options: ‘no pain’,
‘slight pain’, ‘moderate pain’ or ‘severe pain’. To
be included in the study, patients also needed to
be graded 5 or higher on a numerical pain rating
scale (NPRS), which ranged from 0 (‘no pain’) to
10 (’worst possible pain’). Patients were initially
asked to verbally rate their pain on the NPRS
about 30 min after the surgical procedure, and
periodically thereafter. Patients who did not
have ‘moderate pain’ or ‘severe pain’ on the VRS
and had an NPRS score of less than 5 by 5 h after
the surgical procedure were excluded from the
study.

Design

The study was conducted in two stages, with
patients initially receiving a single dose of
ibuprofen 400 mg/caffeine 100 mg FDC,
ibuprofen 400 mg, caffeine 100 mg or placebo
(stage 1), followed by multiple doses of ibupro-
fen/caffeine FDC or ibuprofen over 5 days
(stage 2). In this post hoc analysis, only the data
from stage 1 of the study were analysed, so only
the stage 1 study design is described here. The
overall study design is described in the primary
publication [12]. For the subgroup analysis
included patients were stratified by baseline PI
(‘moderate’ or ‘severe’ on the VRS).
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During stage 1 of the study, patients were
randomised (3:3:1:1) to a single-dose ibuprofen
400 mg/caffeine 100 mg FDC, ibuprofen
400 mg, caffeine 100 mg or placebo tablet. The
randomisation was generated using a validated
system, and patients were randomised in blocks
using the baseline VRS (‘moderate pain’ or
‘severe pain’) as stratification factor. Investiga-
tors and patients were blinded to treatment
assignments, and study medication was pro-
vided as identically appearing film-coated
tablets to ensure blinding. A single-dose of the
study medication was administered within
5 min after the qualifying pain score assess-
ment, and patients remained at the trial site to
be observed over an 8-h time period.

Patients who required additional pain relief
could receive rescue medication consisting of
one to two tablets of either paracetamol
500–1000 mg or paracetamol 500 mg plus
hydrocodone 5 mg. Patients were encouraged
not to take rescue medication within the first
1.5 h after administration of study medication.
Although stage 1 was scheduled to last 8 h, if a
patient requested rescue medication or another
dose of study medication between 6 and 8 h
post-dose, stage 1 ended at this time.

Patients completed a diary at 0.25, 0.5, 0.75,
1, 1.5, 2, 3, 4, 5, 6, 7 and 8 h after the first dose
of study medication, in which they rated their
pain relief (PAR) using a 0–4 VRS (0, ‘none’; 1, ‘a
little’; 2,‘some’; 3, ‘a lot’; 4, ‘complete’), and
their PI using the 0–10 NPRS. Pre-dose PI was
also assessed in the patient diaries. If a patient
required rescue medication or a second dose of
study medication before 8 h post-dose, PAR
and PI were assessed before their use. Subse-
quent PI assessments were still performed after
administration of rescue medication or a second
dose of study medication.

Endpoints

The primary study endpoint was the time-
weighted sum of PAR and PI difference (PID)
from pre-dose baseline PI, summed up for all
post-dose assessment times from 0 to 8 h
(SPRID0–8h). It was calculated using the follow-
ing formula: SPRID0–8h = 0.25 9 (PID0.25 ?

PAR0.25 ? PID0.5 ? PAR0.5 ? PID0.75 ? PAR0.75 ?

PID1 ? PAR1) ? 0.5 9 (PID1.5 ? PAR1.5 ? PID2

? PAR2) ? PID3 ? PAR3 ? PID4 ? PAR4 ? PID5

? PAR5 ? PID6 ? PAR6 ? PID7 ? PAR7 ? PID8 ?

PAR8, where PID/PAR0.25/0.5/0.75/1/1.5/2/3/4/5/6/7/

8 = PID/PAR at times 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4,
5, 6, 7 and 8 h, respectively. SPRID0–2h (time-
weighted sum of PAR and PID from pre-dose
baseline PI, summed up for the post-dose assess-
ment times from 0 to 2 h) was a secondary end-
point. Other endpoints included the time course
of PID in the 8 h after the first dose, and the
number of rescue medication doses.

Statistical Analyses

Endpoints were assessed in the full analysis set
(FAS), which included all patients who were
randomised and took at least one dose of study
medication and provided any post-treatment
data for the primary efficacy endpoint. For this
post hoc analysis, subgroups were assessed
depending on whether baseline PI was ‘moder-
ate’ or ‘severe’ on the VRS.

SPRID0–8h and SPRID0–2h were tested using
an analysis of covariance, with treatment as
fixed effect and the pre-dose baseline pain
intensity measured on the 0–4 VRS as a cate-
gorical covariate. In these analyses, assessments
of PAR or PI completed after administration of
rescue medication or a second dose of study
medication occurring before 8 h post-dose were
considered missing. The last assessment per-
formed before administration of rescue medi-
cation or a second dose of study medication was
carried forward to replace observations up to
8 h. If recording of PAR or PI had stopped
despite no rescue medication or a second dose
of study medication being administered within
the initial 8-h post-dose period, last observation
carried forward (LOCF) was used. Any other
missing PAR or PI data were interpolated from
the previous and next recorded observations.

PID at each post-dose time point up to 8 h
was analysed using a likelihood-based repeated
measures approach, without using LOCF. In
these analyses, all available longitudinal PI val-
ues were used whether or not the patient had
taken rescue medication or the second dose of
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study medication. There was no imputation of
missing values. PID means were adjusted for the
continuous covariate of baseline PI (NPRS).

The use of rescue medication was assessed
using Yates’ continuity-corrected chi-square test
for contingency table.

All statistical tests to evaluate differences
between the treatment subgroups were carried
out using a 2-sided significance threshold alpha
of 5%.

RESULTS

Patient Disposition

Overall, 748 patients were enrolled in the study,
and 562 were randomised and treated in stage 1
(Fig. 1). Of these patients, 237 (42.2%) had
moderate pain (mean NPRS score of 6.8) and
325 (57.8%) had severe pain (mean NPRS score
of 8.4) at baseline (Table 1). Patients were aged
18–27 years. The group with severe pain con-
tained a slightly higher proportion of women
than the group with moderate pain (66.2%
versus 60.3%). Demographic characteristics
were well balanced across the moderate and
severe pain treatment subgroups. Nine patients

discontinued the study as a result of adverse
events (N = 5), non-compliance with protocol
(N = 2) or other reasons (N = 2).

Efficacy

Pain Reduction
On the basis of the primary endpoint of adjus-
ted SPRID0–8h, the ibuprofen/caffeine FDC was
significantly more effective than individual
monotherapies and placebo in patients with
moderate or severe pain at baseline (Table 2). In
patients with moderate pain at baseline, the
ibuprofen/caffeine FDC was 52.3% more effec-
tive than ibuprofen in reducing pain over the
first 8 h after drug administration (adjusted
mean SPRID0–8h difference of 18.19;
p\0.0001). The 17.3% increase in efficacy with
ibuprofen/caffeine FDC compared with ibupro-
fen was less marked, but still significant in
patients with severe pain at baseline (adjusted
mean SPRID0–8h difference of 7.70; p = 0.0409).
The SPRID0–8h placebo effect (adjusted
mean ± standard error [SE]) was numerically
highest in patients with severe pain at baseline
(15.07 ± 4.59 versus 4.94 ± 5.45 for patients
with moderate pain), and the adjusted mean
(± SE) difference between the

Fig. 1 Disposition of patients. FDC fixed dose combination of ibuprofen 400 mg and caffeine 100 mg
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ibuprofen/caffeine FDC and placebo was 48.05
(± 6.27) for patients with moderate baseline
pain and 37.21 (± 5.29) for patients with severe
pain (p\0.0001 for both differences).

Early pain relief based on the SPRID0–2h

endpoint exhibited a similar pattern to
SPRID0–8h (Table 2). The ibuprofen/caffeine FDC
was 66.9% more effective than ibuprofen in the
group with moderate pain at baseline (adjusted

mean SPRID0–2h difference of 4.33; p\ 0.0001),
and 41.1% more effective in the group with
severe pain at baseline (adjusted mean
SPRID0–2h difference of 3.05; p\ 0.0001). The
SPRID0–2h placebo effect (adjusted mean ± SE)
was 0.63 ± 0.75 for patients with moderate
baseline pain and 3.14 ± 0.92 for patients with
severe pain. Adjusted mean (± SE) difference
between the ibuprofen/caffeine FDC and pla-
cebo was 10.18 (± 1.25) for patients with
moderate pain and 7.34 (± 1.06) for patients
with severe pain at baseline (p\ 0.0001 for both
groups).

Pain Intensity Difference
With the exception of the 7-h post-dose PID
measurement, the ibuprofen/caffeine FDC was
significantly more effective than ibuprofen at
each measured PID time point from 0.5 to 8 h
post-dose in the group of patients with moder-
ate pain (Fig. 2a). In the group with severe pain,
PID was significantly improved for ibupro-
fen/caffeine FDC versus ibuprofen at all time
points between 0.5 and 3 h post-dose, but was
not significantly different thereafter (Fig. 2b).

Rescue Medication
Rescue medication was required after a single
dose of ibuprofen/caffeine FDC by 16.0% of
patients overall, 8.9% of those with moderate
baseline pain and 21.1% of those with severe
baseline pain (Fig. 3). Compared with ibupro-
fen/caffeine, significantly more patients used
rescue medication after single-dose ibuprofen
(32.5% of patients, p = 0.0001), caffeine (64.3%
of patients, p\ 0.0001) or placebo (75.7%,
p\0.0001). For patients with moderate base-
line pain, significantly higher proportions of
patients who received placebo, caffeine or
ibuprofen required rescue medication compared
with those treated with ibuprofen/caffeine FDC
(p\ 0.0001; Fig. 3). For patients with severe
baseline pain, rescue medication use was not
significantly different between the ibupro-
fen/caffeine FDC and ibuprofen treatment
groups (p = 0.0935), but it was significantly
lower in the FDC treatment group than in the
groups receiving placebo or caffeine
(p\ 0.0001; Fig. 3).

Table 1 Demographic and other baseline characteristics
in the subgroups of patients with moderate or severe pain
at baseline

Moderate
pain

Severe pain

N = 237 N = 325

Sex, n (%)

Female 143 (60.3) 215 (66.2)

Male 94 (39.7) 110 (33.8)

Race, n (%)

White 226 (95.4) 309 (95.1)

Asian 5 (2.1) 7 (2.2)

Hawaiian/Pacific

Islander

3 (1.3) 2 (0.6)

Native American/

Alaskan

2 (0.8) 2 (0.6)

Black 1 (0.4) 5 (1.5)

Ethnicity, n (%)

Not Hispanic/Latino 213 (89.9) 289 (88.9)

Hispanic/Latino 24 (10.1) 36 (11.1)

Age, years

Mean (SD) 19.3 (1.8) 19.6 (2.0)

Range 18.0–27.0 18.0–27.0

Baseline PI, 0–10 NPRS

Mean (SD) 6.8 (0.6) 8.4 (0.8)

Range 5.0–8.0 7.0–10.0

NPRS numerical pain rating scale, PI pain intensity, SD
standard deviation
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DISCUSSION

This post hoc subgroup analysis showed that a
single dose of ibuprofen 400 mg/caffeine
100 mg FDC was significantly more effective
than ibuprofen 400 mg for the management of
moderate acute pain, as well as severe acute
pain, after dental surgery. For patients with
severe pain, PID measurements indicated that
the ibuprofen/caffeine FDC provided more
effective pain relief than ibuprofen for the first
0.5 to 3 h post-dose, whereas the efficacy

extended for 8 h in patients with moderate
intensity pain.

The results of this subgroup analysis are
consistent with the findings of the primary
phase III study analysis, in which the ibupro-
fen/caffeine FDC significantly reduced pain
compared with both ibuprofen and placebo
[12]. However, some interesting differences
between moderate and severe pain were
observed relative to the primary analysis find-
ings. In the overall population of study, the
FDC was 30.0% more effective than ibuprofen
on the basis of the primary endpoint of

Table 2 Pain relief in the first 8 h (primary endpoint) and 2 h (secondary endpoint) after study drug administration

Moderate pain at baseline Severe pain at baseline

Placebo
(n = 29)

Caffeine
(n = 30)

Ibuprofen
(n = 88)

FDC
(n = 90)

Placebo
(n = 41)

Caffeine
(n = 40)

Ibuprofen
(n = 121)

FDC
(n = 123)

SPRID0–8h

Adjusted mean (SE) 4.94

(5.45)

20.27

(5.36)

34.80

(3.13)

52.99

(3.10)

15.07

(4.59)

12.96

(4.64)

44.58

(2.67)

52.28

(2.65)

95% CI –5.77,

15.65

9.74,

30.80

28.65,

40.94

46.91,

59.07

6.06,

24.07

3.84,

22.07

39.33,

49.82

47.08,

57.48

Adjusted mean

difference vs FDC

(SE)a

48.05

(6.27)

32.72

(6.19)

18.19

(4.40)

37.21

(5.29)

39.32

(5.34)

7.70 (3.76)

95% CI 35.74,

60.36

20.57,

44.88

9.55, 26.84 26.81,

47.61

28.83,

49.82

0.32, 15.09

p value \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001 0.0409

SPRID0–2h

Adjusted mean (SE) 0.63

(1.09)

2.93

(1.07)

6.48 (0.63) 10.81

(0.62)

3.14

(0.92)

2.43

(0.93)

7.43 (0.53) 10.48

(0.53)

95% CI –1.51,

2.77

0.83, 5.04 5.25, 7.71 9.60,

12.03

1.34, 4.94 0.61, 4.25 6.38, 8.48 9.44,

11.52

Adjusted mean

difference vs FDC

(SE)*

10.18

(1.25)

7.88

(1.24)

4.33 (0.88) 7.34

(1.06)

8.05

(1.07)

3.05 (0.75)

95% CI 7.72,

12.64

5.45,

10.31

2.61, 6.06 5.27, 9.42 5.95,

10.15

1.58, 4.53

p value \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001

CI confidence interval, SE standard error, SPRID weighted sum of the pain relief intensity differences
a A positive result for the treatment comparison favours the FDC combination
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SPRID0–8h [12]. The current subgroup analysis
indicates that much of this effect can be
attributed to the efficacy of the ibuprofen/caf-
feine FDC in the cohort of patients with mod-
erate pain, since the FDC resulted in 52.3%
better efficacy than ibuprofen in this patient
subgroup compared with a SPRID0–8h improve-
ment of 17.3% in patients with severe pain.
Similarly, when efficacy was assessed using the
SPRID0–2h endpoint, the ibuprofen/caffeine
FDC was 51.1% more effective than ibuprofen
in the overall study population [12], but 66.9%
more effective in the subgroup with moderate
pain and 41.1% more effective in the subgroup
with severe pain.

Two rating scales were used to assess the
intensity of postoperative pain in this analysis.
We used the 0–4 VRS to categorise patients as
having moderate or severe pain at baseline, but
it is interesting to note that the mean NPRS
score was 6.8 in the moderate pain group and
8.4 in the severe pain group. Moderate pain on
the VRS corresponds to an NPRS score of 4–6
[15], so our post hoc analysis data showed that
patients classified as having ‘moderate’ pain at
baseline had pain that was at the severe end for
their category. A contributing factor to this
observation was that, as well as having

Fig. 2 Adjusted mean pain intensity difference (PID) over
time, stratified by baseline pain: a moderate pain and
b severe pain. *p\ 0.05, §p\ 0.001, #p\ 0.0001 FDC
compared with ibuprofen. FDC fixed dose combination of
ibuprofen 400 mg and caffeine 100 mg

Fig. 3 Rescue medication use during stage 1. *p\ 0.0001 versus FDC. FDC fixed dose combination of ibuprofen 400 mg
and caffeine 100 mg
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moderate or severe baseline pain on the VRS,
patients needed a baseline NPRS score of at least
5 to be eligible for inclusion in the study, as an
NPRS score of at least 5 on a 10-point NPRS (or
equivalent) is associated with increased assay
sensitivity in chronic pain clinical trials [16].
The NPRS has been shown to result in signifi-
cantly higher baseline scores than other pain
rating scales, including the VRS [17]. It is
apparent that there was a clinically relevant
difference in pain between the moderate and
severe pain subgroups (NPRS difference 1.6),
according to the validated minimum clinically
significant difference for the NPRS of 1.3 [18]. In
addition, our data suggest that patients in the
severe pain subgroup had an intense type of
pain (mean NPRS 8.4).

Although not interchangeable, the 0–10
NPRS and 0–4 VRS are correlated and can be
reliably used for assessment of acute postoper-
ative dental pain [17]. However, the 0–4 VRS,
which we used to categorise patients into
moderate and severe pain subgroups, is gener-
ally considered insufficiently sensitive to mea-
sure pain relief after dental surgery [19]. The
0–10 NPRS, which we used to evaluate postop-
erative pain, is a validated scale for the assess-
ment of acute pain [18], correlates with other
pain rating scales, including visual analogue
scales [18, 19], and has greater discriminatory
capability than the VRS [20]. The NPRS also has
the advantages of being easy to use, and having
better compliance and responsiveness than
other pain rating tools [20], and is ultimately
the preferred rating scale for the evaluation of
pain in adults [15, 17].

The mechanisms underlying the enhanced
analgesic effects of ibuprofen with caffeine are
not fully understood [11]. Caffeine itself does
not appear to have any major intrinsic anti-
nociceptive properties [21], although it does
inhibit adenosine receptors, which may be
involved in the processing of pain signals [22].
Several analgesic adjuvant mechanisms of
action of caffeine that are based on disruption
of normal adenosine signalling have been pro-
posed: blockade of peripheral pro-nociceptive
adenosine signalling, and activation of the
central pain-suppressing noradenosine path-
way; adenosine A2a receptor blockade-induced

transcriptional downregulation of cyclooxyge-
nase 2; and relief of inhibitor adenosine actions
on central cholinergic nerve terminals [11, 23].
Caffeine is also regarded as a psychostimulant,
so caffeine-induced changes in mood and
emotional state may contribute to changes in
pain perception [11, 23]. Another potential
contributing factor is caffeine-enhanced local
tissue levels of the NSAID, with prolonged ED50

(dose for 50% efficacy) [21].
Studies in which caffeine was used as an

analgesic adjuvant have used doses of between
50 mg and 260 mg, with typical doses of 100 or
200 mg [11]. The Cochrane analysis of these
studies reported that significant analgesic
enhancement was seen when at least 100 mg of
caffeine was added to standard doses of com-
mon analgesics, with an additional 5–10% of
patients achieving a good level of pain relief
[11]. The primary study on which this post hoc
subgroup analysis was based was the first to
investigate the analgesic adjuvant effect of caf-
feine 100 mg in combination with ibuprofen
400 mg [12].

Ibuprofen and ibuprofen/caffeine were gen-
erally well tolerated in this study [12]. Overall,
the number of patients with adverse events was
low, with no serious adverse events [12]. The
safety profile of the ibuprofen/caffeine FDC in
the moderate and severe baseline pain sub-
groups was consistent with the data from the
primary study [12], and with previous reports
suggesting a small increase in the risk of AEs
with caffeine-containing analgesics [24]. Three
patients treated with ibuprofen/caffeine FDC
had a total of three adverse events (nausea or
headache) that were considered drug-related
[12]. Although our analysis revealed that all of
these events occurred in patients with severe
baseline pain, the proportion of patients with
severe baseline pain affected by drug-related
adverse events was still low at 2.4%.

Typical limitations of a post hoc analysis
apply to our study, including the potential for
an inflated type I error due to multiple testing.
While this limitation must be borne in mind,
most of the differences between treatments in
our subgroups were significant with p values less
than 0.0001, suggesting that the results are
robust.
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CONCLUSIONS

This post hoc subgroup analysis of a phase III
study showed that the enhanced analgesic effi-
cacy of single dose of ibuprofen 400 mg/caffeine
100 mg FDC relative to ibuprofen 400 mg is
more pronounced in patients suffering from
moderate rather than severe baseline pain.
Thus, the advantages of the ibuprofen/caffeine
FDC over ibuprofen are even more pronounced
for patients who meet the recently approved
indication (moderate pain) than the primary
study analysis originally suggested. For patients
with severe pain who do not experience suffi-
cient relief from the FDC, other treatment
options such as weak opioids may be considered
in line with the WHO analgesic ladder.
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