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ABSTRACT

Introduction: Back and neck pain are common
musculoskeletal disorders. Topical non-ster-
oidal anti-inflammatory drugs (NSAIDs) are
frequently used to reduce pain and inflamma-
tion with fewer systemic side effects and drug

interactions compared with oral NSAIDs. This
study assessed efficacy and tolerability of a
topical combination of capsaicin ? diclofenac
to treat acute back/neck pain.
Methods: In a randomized, double-blind, con-
trolled, multicenter, parallel group trial, 746
patients were treated twice-daily for 5 days with
diclofenac 2% ? capsaicin 0.075%, diclofenac
2%, capsaicin 0.075% or placebo. Efficacy
assessments included change and area under
the curve in pain on movement for the worst
procedure (POMWP), change in pressure algom-
etry, and number of patients with decrease in
POMWP of C 30% and C 50%. Adverse events
(AEs) were recorded.
Results: Change in POMWP between baseline
and day 2 evening, 1 h after drug application,
demonstrates superiority of the combination
(- 3.05 cm) versus diclofenac alone (- 2.33 cm)
and placebo (- 2.45 cm), but not capsaicin
alone (- 3.26 cm). AEs were consistent with
known safety profiles.
Conclusion: Capsaicin alone and cap-
saicin ? diclofenac showed superior benefit
compared with placebo. However, diclofenac
alone demonstrated efficacy comparable with
placebo, and therefore its addition to capsaicin
added no increased pain relief over capsaicin
alone.
Trial registration: ClinicalTrials.gov identifier;
NCT02700815.
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Key Summary Points

Why carry out this study?

Topical non-steroidal anti-inflammatory
drugs (NSAIDs) are frequently used to
reduce pain and inflammation in the
treatment of common recurring pain
conditions (such as acute back or neck
pain), with fewer systemic side effects and
drug interactions compared with oral
NSAIDs.

Diclofenac and capsaicin have different
pharmacodynamic properties and may
have complementary mechanisms of
action, although a combination product
has not yet been tested.

This double-blind clinical study assessed
efficacy and tolerability of a topical
combination of capsaicin ? diclofenac
versus gels with diclofenac alone,
capsaicin alone, and placebo in the
treatment of acute lower back or neck
pain.

What was learned from the study?

The change in the level of pain between
baseline and day 2 evening, 1 h after drug
application, demonstrates superiority of
the combination (- 3.05 cm) versus
diclofenac alone (- 2.33 cm) and placebo
(- 2.45 cm), but not capsaicin alone
(- 3.26 cm).

Capsaicin alone and
capsaicin ? diclofenac showed superior
benefit compared with placebo.

However, diclofenac alone demonstrated
efficacy comparable with placebo, and
therefore its addition to capsaicin added
no increased pain relief over capsaicin
alone.

INTRODUCTION

Oral analgesics are commonly prescribed for the
treatment of acute and chronic pain, but these
agents often produce adverse systemic effects,
which sometimes are severe. Topical analgesics
offer the potential to provide pain relief with
minimal adverse systemic effects [1]. This may
be of particular relevance when treating fre-
quently recurring pain conditions such as acute
back or neck pain [1].

Lower back pain is a common disorder with
an estimated global point prevalence between
1980 and 2009 of 11.9 ± 2.0%, for activity-
limiting low back pain lasting more than one
day [2]. In most cases specific causes cannot be
identified (i.e. ‘‘nonspecific back pain’’) [3].
Usually, the condition is self-limiting, and
approximately 90% of patients experience res-
olution of their pain within 6 weeks [3]. Mus-
culoskeletal pain in the back area can cause a
non-physiological posture, which in turn causes
further pain. Only around 2% of patients have a
serious or systemic disorder, such as systemic
inflammatory disorders, infections, spinal
malignancy or spinal fracture. In approximately
5–10% of these, the pain may be associated with
radicular features with or without neurological
deficit, which can be linked to underlying
pathology, such as disc prolapse, lateral recess
and canal stenosis or advanced grade spondy-
lolisthesis [4].

Neck pain, specifically uncomplicated neck
pain (i.e., not attributable to a specific disease or
disorder, absence of fracture, no concurrent
shoulder pain or nerveroot symptoms, etc.), is a
common, mostly musculoskeletal disorder in
primary care [5, 6]. Neck pain can be defined as
pain in the neck, with or without pain referred
into one or both upper limbs that lasts for at
least 1 day [7]. The point prevalence of neck
pain ranges from 0.4% to 41.5% (mean: 14.4%);
1-year prevalence ranges from 4.8% to 79.5%
(mean: 25.8%). The prevalence of neck pain is
generally higher in women, high-income
countries and more urban areas [8].

NSAIDs, such as ibuprofen, diclofenac or
naproxen and paracetamol, have been used for
decades to rapidly and effectively reduce back
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and neck discomfort, often as over the counter
analgesics. A systematic review concluded that
NSAIDs are effective for short-term symp-
tomatic relief of acute and chronic lower back
pain without sciatica. However, it must be
noted that effect sizes were small in the studies
investigated [9, 10]. Additionally, NSAIDs are
not well tolerated by many patients, especially
those who are sensitive to gastrointestinal side
effects.

Other treatment options are local heat [11]
and hyperemization-inducing agents [12],
which are both believed to be beneficial in the
treatment of musculoskeletal conditions
[13, 14] and have been shown to augment blood
flow and hemoglobin oxygenation in the skin
and muscles [15, 16]. Furthermore, in a clinical
trial, a hyperemization-inducing agent has been
shown to reduce back/neck pain with low inci-
dence of side effects [17–20]. Importantly,
topically applied remedies have a low potential
for systemic side effects and interactions with
other (including systemic) medications.

Diclofenac is a non-steroidal drug with anti-
inflammatory and analgesic activity. It inhibits
the enzyme cyclooxygenase, and so directly
inhibits the biosynthesis of prostaglandins and
thromboxanes from arachidonic acid. The
topical usage of diclofenac in acute pain con-
ditions is considered well-established and is
associated with an improved safety profile due
to low systemic plasma concentrations [21].

Capsaicin, or the structurally closely related
nonivamide, is a selective agonist for the tran-
sient receptor potential vanilloid 1 (TRPV1)
receptor. In the nociceptive (mostly C- and
some Ad-fibers) nerve endings which selectively
express TRPV1, capsaicin-mediated depolariza-
tion results in warming, burning, stinging or
itching sensations. Initial excitation of the
neurons and a short period of hypersensitivity is
followed by reduced sensitivity and, after repe-
ated applications, persistent desensitization to
pain. There is also evidence that capsaicin
treatment may interfere with substance P syn-
thesis [22, 23]. Topical capsaicin acts in the skin
to attenuate cutaneous hypersensitivity and
reduces pain by a process best described as ‘de-
functionalization’ of nociceptor fibers. Cap-
saicin formulations are widely used to manage

pain and have been shown to be effective and
safe against various pain syndromes, including
post-herpetic neuralgia, diabetic neuropathy,
and chronic musculoskeletal pain [23]. Two
trials investigating nonivamide-containing
topicals showed pronounced efficacy for the
treatment of acute lower back pain [19, 20].

Both diclofenac and capsaicin have different
pharmacodynamic properties and are assumed
to most probably have complementary mecha-
nisms of action [21, 23, 24]. Whether the addi-
tion of capsaicin 0.075% to a gel containing
diclofenac 2% in the treatment of acute pain
increases efficacy compared to diclofenac alone,
has not yet been investigated. Therefore, this
double-blind clinical study aimed to compare
the efficacy and safety of a topical diclofe-
nac ? capsaicin gel combination versus gels
with diclofenac alone, capsaicin alone, and
placebo in the treatment of acute lower back or
neck pain.

METHODS

Study Population

The study population included male and female
patients, aged 18 years and over, suffering from
acute back pain or neck pain for at least 24 h,
but less than 21 days, diagnosed as pain on
movement (POM) C 5.0 cm [on a Visual Analog
Scale (VAS) ranging from 0–10 cm] for at least
one POM procedure out of five standardized
procedures [5]. The POM measurement with the
highest pain response determined if the patient
had back or neck pain. Patients must also have
had an algometric pressure trigger point with a
pain pressure threshold of B 25 N/centimeter2

(N/cm2).
Patients were excluded if they had experi-

enced three or more episodes of back or neck
pain in the last 6 months, had surgery due to
back or neck pain in the previous 12 months, if
the pain was attributable to an organic disease
(e.g. prolapsed disc, inflammatory arthritis,
neurological diseases, etc.) or experienced
trauma or strains of the back or neck muscles.
Concomitant use of anti-inflammatory drugs,
heparinoids, muscle relaxants, analgesics or
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non-pharmacological treatment, (e.g. heat
treatment) 3 days before visit 1, or meeting any
other criteria defined in the study protocol
(such as known intolerance or hypersensitivity
to the active ingredients or any excipients) were
also grounds for exclusion.

Study Design and Treatments

This was a prospective, randomized, double-
blind, parallel-group, phase 3 study conducted
in two countries.

To obtain a minimum total of 700 evaluable
patients, 746 patients received one of the fol-
lowing four topical gels, of which 2 g was
applied twice daily, with patients allowing for
12 ± 4 h between applications: diclofe-
nac ? capsaicin gel: 2% diclofenac and 0.075%
capsaicin, diclofenac gel (2%), capsaicin gel
(0.075%) and placebo gel.

Patients were randomized to the treatment
groups diclofenac ? capsaicin, diclofenac, cap-
saicin, and placebo in a 3:3:3:1 ratio in order to
achieve 700 patients eligible for the assessment
of the primary endpoint. Randomization was
stratified according to application site (back or
neck) and country. Patients were blinded to
their treatment and all participants were
instructed to wear disposable gloves when
applying the trial medication.

After a screening evaluation (visit 1), eligible
patients were randomized on the same day into
the double-blind treatment period of the trial.
After administration of the first treatment,
patients administered the second application of
the trial medication in the evening at home on
day 1. They returned to the trial site for four
more visits (visits 2–5) during the treatment
period as follows: in the morning and in the
evening of the following day (day 2) and in the
morning of days 3 and 4. At scheduled visits,
patients were dosed while at the site. Evening
applications on day 3 and day 4 were adminis-
tered by the patients at home. Thereafter, the
treatment was administered at home for one
more day (day 5). The patients then returned to
the trial site for final assessments (visit 6) in the
morning of day 6. Depending on the severity of
a patient’s condition and on a patient’s

availability, the treatment period at home (day
5) could be skipped or treatment could be
extended for 1 or 2 days. Visit 6 was then to be
performed on the day immediately following
the shortened or extended treatment period.
Trial participation was concluded with a tele-
phone call (visit 7 T) for follow-up on adverse
events (AEs).

The interval between the two daily applica-
tions of the trial medication was approximately
12 h, which could be shortened or extended by
4 h as long as no more and no less than two
applications were administered on each treat-
ment day. Treatments were always to be applied
by the patient (if possible).

If required, rescue medication (paracetamol,
500 mg tablets) was provided by the sponsor
using locally sourced, commercially available
products.

One global protocol amendment led to a
global protocol revision, which was imple-
mented in June 2016, shortly after the first
patient entered the study. These amendments
included the trigger point for algometric pres-
sure being revised from B 2.5 to B 25 N/cm2.
An analysis of the primary endpoint, including
an additional variable for analgesic use was also
added.

Endpoints

The primary endpoint was the change in POM
for the worst procedure (the movement with
maximum pain when assessed at baseline;
POMWP) between baseline and day 2 evening,
1 h after drug application. POM was assessed by
patients assisted by adequately trained person-
nel, on performance of standardized, muscle-
group-specific movements measured using a
VAS (0–10 cm) ranging from 0 = no pain to
10 = worst pain possible. The change in POM
was calculated as POM at a given time point
subtracted by the POM at baseline.

Key secondary variables were area under the
curve (AUC) of POMWP calculated until day 4
morning, i.e. 72 h after start of treatment
(POMWP AUC72), and POMWP AUC120 (AUC of
POMWP calculated until day 6 morning, i.e.
120 h after start of treatment). Other POM-
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related endpoints were: the number of patients
with a decrease in POMWP of at least 30% and
50% from baseline on day 2 evening, 1 h after
drug application, and the change in POMWP

between baseline and the morning of day 6.
Change in pressure algometry (PA) between

baseline and the morning of day 6 was also
measured as a secondary endpoint. PA was
determined by the investigator at baseline on
day 1 and at defined time points between days 2
and 6 as the pressure value (N/cm2) at a defined
trigger point located in the area of POMWP. The
pain reaction was determined by increasing the
pressure via an algometer on the most tender
position (always done at the same position)
within the painful area until the patient asked
not to increase the pressure anymore. The cor-
responding pressure value was documented.
The change in PA between baseline and day 2
evening (before drug application) and between
baseline and the morning of day 6 was com-
pared between treatment groups.

Exposure to rescue medication (days) was
analyzed descriptively. Rescue medication was
defined as study-dispensed paracetamol.

Safety endpoints included skin reactions
using a numerical dermal response score (DRS;
categorized as positive for scores C 3 and nega-
tive for scores\ 3), incidence and intensity of
AEs, and changes in safety laboratory parame-
ters, vital signs, and patient and investigator
assessment of tolerability.

Statistical Analysis

The sample size for this study was based on an
anticipated treatment difference of 1.2 cm on a
0–10 cm VAS and a common standard deviation
(SD) of 3 cm, yielding a standardized treatment
difference of 0.4 concerning the primary end-
point. The allocation ratio to the treatment
groups diclofenac ? capsaicin, diclofenac, cap-
saicin and placebo was planned to be 3:3:3:1.

A total sample size of 700 patients (210
patients each treated with diclofenac ? cap-
saicin, diclofenac, and capsaicin, and 70
patients with placebo) was calculated to have
98% power to detect a difference of 1.2 cm on a
0–10 cm VAS for the primary endpoint between

treatment effects of diclofenac ? capsaicin ver-
sus diclofenac and capsaicin, respectively (3:3
allocation ratio) and 82% power to detect the
same difference between diclofenac ? capsaicin
and placebo (3:1 allocation ratio). This assumes
a common SD of 3 cm and uses a 0.05 two-sided
significance level.

The primary endpoint was analyzed using a
restricted maximum likelihood (REML)-based
repeated measures approach using all available
longitudinal POMWP observations at the assess-
ment times up to day 2 evening, 1 h after drug
application. The statistical model, applied to
the analysis of change from baseline in POMWP,
included the fixed categorical effects of treat-
ment, country, application site (back/neck),
time and treatment-by-time interaction, as well
as the continuous fixed covariates of baseline
POMWP and baseline-by-time interaction.

The key secondary endpoints POMWP AUC72

and POMWP AUC120 were analyzed using anal-
ysis of covariance (ANCOVA) including treat-
ment, country, and application site (back/neck)
as fixed effects and baseline POMWP as a con-
tinuous covariate. The key secondary endpoints
were analyzed hierarchically (POMWP AUC72

first) in a confirmatory way, only if statistical
significance was achieved for the primary end-
point. Therefore, no alpha-adjustment for mul-
tiple endpoint testing was applied.

All other secondary endpoints were consid-
ered as supportive only. The change in PA
between baseline and day 2 evening before drug
application, and the morning of day 6, respec-
tively, were analyzed using an REML approach
analogous to the primary analysis. The numbers
of patients with a decrease in POMWP of at least
30% or 50%, respectively, from baseline until
day 2 evening, 1 h after drug application, were
analyzed by a logistic regression model,
including the factor of treatment and the cate-
gorical stratification factors of country and
application site (back/neck). No interim analy-
sis was planned or performed.

Compliance with Ethics Guidelines

The clinical study (ClinicalTrials.gov identifier:
NCT02700815) was conducted in compliance
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with the clinical trial protocol, the principles
laid down in the Declaration of Helsinki, in
accordance with ICH-GCP, and was based on
the Guideline on Clinical Development of Fixed
Combination Medicinal Products of the Euro-
pean Medicines Agency’s Committee for
Medicinal Products for Human Use (CHMP)
current at trial initiation [33]. The study was
done to support the registration of a new pro-
duct so the respective guidelines had to be fol-
lowed in addition to the specific requests from
the German Federal Institute for Drugs and
Medical Devices. The study protocol (EudraCT
number 2015-000404-25), protocol amendment
and associated documents were reviewed by the
Independent Ethics Committees and/or Insti-
tutional Review Boards (IECs/IRBs) of the par-
ticipating centers; the master ethics committee
is Ethik-Kommission der Bayrischen Lan-
desärztekammer, München, Germany (Ethic
Committee 16004) and further details of local
committees can be found in Supplementary
Table S1. Informed consent was obtained from
each patient in writing before randomization
and the rights of patients were protected.

RESULTS

Patient Disposition and Demographics

In total, 757 patients were screened and 746
patients were randomized from 18 centers
within two different countries (14 in Germany
and four in Russia) between May 2016 and July
2017, when the last patient completed the
study. All 746 randomized patients were treated
with study medication (Fig. 1). A total of 19
patients (2.5%) prematurely discontinued study
medication, and the frequencies were compa-
rable across the four treatment groups. The
most frequent reasons for discontinuation were
AEs [n = 11 (1.5%)], lack of efficacy [n = 3
(0.4%)], lost to follow-up [n = 2 (0.3%)], and
refusal to continue taking trial medication
[n = 2 (0.3%)]. AEs leading to discontinuation of
study medication were reported for patients on
active treatment only [capsaicin: n = 6 (2.7%),
diclofenac: n = 2 (0.9%), diclofenac ? cap-
saicin: n = 3 (1.3%)].

Fig. 1 Disposition of patients by treatment
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Analgesic concomitant therapies including
dispensed rescue medication, during the treat-
ment period, were reported for 65 patients
(8.7%). The frequencies across treatment groups
ranged from 17 patients (7.6%) in the

diclofenac ? capsaicin group to eight patients
(10.7%) in the placebo group.

The demographic data were well balanced
across the four treatment groups and are shown
in Table 1. The overall mean duration of expo-
sure was 5.2 days (SD 1.38; median 5 days) and

Table 1 Baseline characteristics

Placebo Capsaicin Diclofenac Diclofenac 1 capsaicin Total

Number of patients, N 75 223 223 225 746

Baseline characteristics

Sex, N (%)

Male 31 (41.3) 95 (42.6) 87 (39.0) 89 (39.6) 302 (40.5)

Female 44 (58.7) 128 (57.4) 136 (61.0) 136 (60.4) 444 (59.5)

Age, years

Mean (SD) 45.3 (14.78) 43.2 (15.42) 44.0 (15.96) 44.2 (15.49) 43.9 (15.52)

Race, N (%)

Asian 2 (2.7) 3 (1.3) 0 (0.0) 2 (0.9) 7 (0.9)

Black/African American 0 (0.0) 1 (0.4) 1 (0.4) 3 (1.3) 5 (0.7)

White 73 (97.3) 216 (96.9) 218 (97.8) 216 (96.0) 723 (96.9)

American Indian/Alaska Native 0 (0.0) 1 (0.4) 0 (0.0) 1 (0.4) 2 (0.3)

Multiplea 0 (0.0) 2 (0.9) 4 (1.8) 3 (1.3) 9 (1.2)

Country

Germany 69 (92.0) 205 (91.9) 205 (91.9) 205 (91.1) 684 (91.7)

Russia 6 (8.0) 18 (8.1) 18 (8.1) 20 (8.9) 62 (8.3)

Disease characteristics

Application site, N (%)

Back 30 (40.0) 97 (43.5) 94 (42.2) 95 (42.2) 316 (42.4)

Neck 45 (60.0) 126 (56.5) 129 (57.8) 130 (57.8) 430 (57.6)

Time since onset of acute pain, days

Mean (SD) 10.4 (5.09) 9.9 (4.97) 9.6 (5.11) 9.7 (5.17) 9.8 (5.08)

Highest pain on movement assessment, cm

Mean (SD) 7.20 (1.246) 7.22 (1.157) 7.29 (1.274) 7.28 (1.148) 7.26 (1.198)

SD standard deviation
a Capsaicin: American Indian/Alaska Native ? White (n = 2); Diclofenac: Black/African American ? White (n = 1),
American Indian/Alaska Native ? White (n = 3); Diclofenac ? Capsaicin: Asian ? White (n = 1), Black/African
American ? White (n = 1), Hawaiian/Pacif. Isle ? White (n = 1)
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exposure was well balanced across the four
treatment groups.

Baseline disease characteristics were well
balanced across the four treatment groups. In
total, at baseline, mean PA was 15.65 (SD 5.372)
N/cm2, mean pain intensity at rest was 6.0 (SD
1.62) on a numerical rating scale (NRS), mean
average pain intensity (pain over the last 24 h)
on an NRS was 6.4 (SD 1.48), and mean highest
pain on movement score (VAS) was 7.26 cm (SD
1.198).

Pain on Movement Endpoints

The analysis of change in POMWP between
baseline and day 2 evening, 1 h after drug
application was based on the full analysis set
(FAS), which slightly deviated from the treated
set in that one patient from the capsaicin group
and one patient from the diclofenac group was
not included due to no recorded post-baseline
POMWP value. From baseline to day 2 evening,
1 h after drug application, POMWP was most
effectively lowered by capsaicin alone
(- 3.26 cm), followed by the combination
therapy diclofenac ? capsaicin (- 3.05 cm),
placebo (- 2.45 cm), and diclofenac alone
(- 2.33 cm). Diclofenac ? capsaicin was supe-
rior to placebo and to diclofenac alone, but

superiority of diclofenac ? capsaicin versus
capsaicin alone could not be demonstrated
(Table 2). The change over time from baseline to
1 h after drug application on the evening of day
2 is illustrated by treatment group in Fig. 2.
Sensitivity analyses of the primary endpoint
using the per-protocol set, and after adjusting
for the use of rescue medication, supported the
results of the primary analyses.

Exploratory analyses of key secondary
parameters POMWP AUC(0–72h) and POMWP
AUC(0–120h) supported the results of the
POMWP from baseline to day 2 evening: the
effect sizes of the combination therapy diclofe-
nac ? capsaicin and capsaicin alone in POMWP
AUC(0–72h) (Table 2) and in POMWP AUC(0–120h)

(Table 3) were similar. The effect sizes of
diclofenac alone and placebo were also similar
(Fig. 2).

Post-hoc analysis with the same data set and
model, using capsaicin as a reference, revealed a
distinct treatment effect for capsaicin, when
change from baseline at day 2 evening, 1 h after
drug application for POMwp was compared with
placebo (P = 0.0035).

The highest percentage of patients with a
decrease in POMWP of at least 30% and 50%
from baseline until day 2 evening, 1 h after drug
application was achieved with capsaicin alone,

Table 2 Adjusted mean (SE) POMWP (cm) change from baseline at day 2 evening, 1 h after drug application—FAS

Treatment N Mean (SD) at
baseline

Adjusted mean
change (SE)a

Comparison vs. diclofenac 1 capsaicin

Adjusted mean of
difference (SE)a,b

95% CI P value

Placebo 75 7.20 (1.246) - 2.45 (0.252) - 0.60 (0.277) - 1.15,

- 0.06

0.0303

Capsaicin 222 7.22 (1.159) - 3.26 (0.160) 0.21 (0.197) - 0.18,

0.60

0.2886

Diclofenac 222 7.28 (1.271) - 2.33 (0.160) - 0.72 (0.197) - 1.10,

- 0.33

0.0003

Diclofenac ? capsaicin 225 7.28 (1.148) - 3.05 (0.159)

CI confidence interval, FAS full analysis set, POMWP pain on movement worst procedure, SD standard deviation, SE
standard error
a Model includes treatment, country, application site, time, treatment by time interaction, baseline POMWP and baseline
POMWP by time interaction. A negative value indicates a decrease in POMWP (better health)
b Negative values are in favor of the combination treatment
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with 150 (67.3%) and 95 (42.6%) patients,
respectively. The combination achieved a
higher percentage of patients with at least a

30% and 50% POMWP decrease than diclofenac
alone and placebo, with 134 (59.6%) and 85
(37.8%) patients, respectively (Table 5). By the

Fig. 2 POMWP (cm) adjusted mean (SE) change from baseline to day 2 evening, 1 h after drug application—FAS

Table 3 Adjusted mean (SE) POMWP AUC(0–72h) (cm) ANCOVA analysis—treated set (TS)

Treatment N Mean (SD) at
baseline

Adjusted mean
(SE)a

Comparison vs. diclofenac 1 capsaicin

Adjusted mean of
difference (SE)a,b

95% CI P value

Placebo 75 7.20 (1.246) 3.92 (0.230) - 0.50 (0.238) - 0.97,

- 0.04

0.0347

Capsaicin 223 7.22 (1.157) 3.10 (0.156) 0.32 (0.169) - 0.02,

0.65

0.0622

Diclofenac 223 7.29 (1.274) 4.10 (0.156) - 0.68 (0.169) - 1.01,

- 0.35

\ 0.0001

Diclofenac ? capsaicin 225 7.28 (1.148) 3.41 (0.154)

a Model includes treatment, country, application site, and baseline POMWP
b Negative values are in favour of the combination treatment
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Table 4 Adjusted mean (SE) POMWP AUC(0–120h) (cm) ANCOVA analysis—TS

Treatment N Mean (SD) at
baseline

Adjusted mean
(SE)a

Comparison vs diclofenac 1 capsaicin

Adjusted mean of
difference (SE)a,b

95% CI P value

Placebo 75 7.20 (1.246) 4.26 (0.213) - 0.37 (0.221) - 0.80,

0.07

0.0956

Capsaicin 223 7.22 (1.157) 3.95 (0.145) 0.30 (0.157) - 0.01,

0.61

0.0564

Diclofenac 223 7.29 (1.274) 4.81 (0.145) - 0.56 (0.157) - 0.87,

- 0.25

0.0004

Diclofenac ? capsaicin 225 7.28 (1.148) 4.25 (0.143)

CI confidence interval, FAS full analysis set, POMWP pain on movement worst procedure, SD standard deviation, SE
standard error, TS treated set
a Model includes treatment, country, application site, and baseline POMWP
b Negative values are in favor of the combination treatment

Table 5 Decrease in POMWP (cm) of at least 30% and 50% from baseline at day 2 evening, 1 h post dosing – logistic
regression analysis – TS

Diclofenac 1 capsaicin Diclofenac Capsaicin Placebo

Number of patients, N (%) 225 (100.0) 223 (100.0) 223 (100.0) 75 (100.0)

Decrease from baseline, N (%)

C 30% 134 (59.6) 107 (48.0) 150 (67.3) 34 (45.3)

95% CI, % 54.1, 67.4 42.1, 55.7 61.3, 74.0 33.8, 57.3

Comparison vs. diclofenac ? capsaicina

Odds ratio 1.629 0.732 1.882

95% CI 1.11, 2.39 0.49, 1.09 1.10, 3.21

P value 0.0122 0.1206 0.0202

Decrease from baseline, N (%)

C 50% 85 (37.8) 50 (22.4) 95 (42.6) 20 (26.7)

95% CI, % 32.2, 45.4 17.4, 29.0 36.4, 49.8 17.1, 38.1

Comparison vs. diclofenac ? capsaicina

Odds ratio 2.125 0.833 1.729

95% CI 1.40, 3.22 0.57, 1.22 0.97, 3.09

P value 0.0004 0.3479 0.0643

CI confidence interval, POMWP pain on movement worst procedure, TS treated set
a Model includes country and application site; an odds ratio[ 1 is in favor of the combination treatment.
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morning of day 6, 190 (84.4%) and 159 (70.7%)
patients in the diclofenac ? capsaicin group
experienced at least a 30% or 50% reduction in
pain, respectively. This is higher than diclofe-
nac alone and only slightly lower than the
capsaicin group, in which 189 (84.8%) and 167
(74.9%) patients achieved a reduction in pain of
at least 30% or 50%, respectively.

Consistent with the primary endpoint
(change in POMWP between baseline and day 2
evening) and key exploratory secondary end-
points [POMWP AUC(0–72h) and AUC(0–120h)], the
change from baseline in POMWP at day 6 in the
morning showed no relevant difference
between the combination therapy diclofe-
nac ? capsaicin and capsaicin alone [adjusted
mean difference: 0.20, 95% confidence interval
(CI) - 0.24, 0.64]. However, diclofenac ? cap-
saicin was better than diclofenac alone (ad-
justed mean difference: - 1.12; 95% CI - 1.56,
- 0.68) and placebo (adjusted mean difference:
- 1.05; 95% CI - 1.67, - 0.44).

Pressure Algometry Endpoints

At day 2 evening, the pressure on the trigger
point in the area of the worst procedure site
could be increased by at least 3 N/cm2 in all
treatment groups. Change from baseline in PA
at day 2 evening, before drug application,
showed only small differences between all
treatment arms; capsaicin alone (adjusted mean
difference: 0.31 N/cm2, 95% CI - 0.87, 1.49),
diclofenac alone (adjusted mean difference:
0.76 N/cm2, 95% CI - 0.42, 1.95) and placebo
(adjusted mean difference: - 0.13 N/cm2, 95%
CI - 1.78, 1.53), compared with diclofenac
? capsaicin.

Similarly, change from baseline in PA at day
6 morning is shown in Table 6. Only small dif-
ferences were reported between diclofe-
nac ? capsaicin and capsaicin alone (adjusted
mean difference: 0.28 N/cm2, 95% CI - 1.58,
2.15); however, diclofenac ? capsaicin was
superior to diclofenac alone (adjusted mean
difference: 2.02 N/cm2, 95% CI 0.15, 3.88). No
difference was seen between diclofenac ? cap-
saicin and placebo (adjusted mean difference:
1.65 N/cm2, 95% CI - 0.98, 4.27). The changes

in PA (N/cm2) over time to day 6 morning are
illustrated in Fig. 3.

Safety

Of the 746 treated patients, a total of 146
patients (19.6%) reported AEs (Table 7). The
overall percentage of patients with AEs was
21.3% (n = 48) in the diclofenac ? capsaicin
group, 26.5% (n = 59) for capsaicin alone,
12.1% (n = 27) for diclofenac alone and 16.0%
(n = 12) in the placebo treatment group. The
type, incidence, and severity of AEs reported in
patients in each of the treatment groups were
consistent with known profiles for capsaicin
and diclofenac. As per preferred term, the most
frequent AEs for all patients were burning sen-
sation [n = 29 (3.9%)], skin burning sensation
[n = 21 (2.8%)], nasopharyngitis [n = 20
(2.7%)], headache [n = 20 (2.7%)], and applica-
tion-site pain [n = 17 (2.3%)]. The incidences of
AEs related to the application site (burning
sensation, skin burning sensation and applica-
tion-site pain) were more frequent in the
diclofenac ? capsaicin [n = 12 (5.3%), n = 12
(5.3%) and n = 7 (3.1), respectively] and cap-
saicin alone [n = 16 (7.2%), n = 7 (3.1%) and
n = 10 (4.5%), respectively] treatment groups
than the diclofenac alone [n = 1 (0.4%), n = 2
(0.9%) and n = 0 (0.0%), respectively] or pla-
cebo (n = 0, 0.0% for each AE) treatment
groups.

The incidence of AEs leading to discontinu-
ation of study medication was low in all active
treatment groups [capsaicin alone: n = 5 (2.2%);
diclofenac alone: n = 3 (1.3%); diclofe-
nac ? capsaicin: N = 3 (1.3%) and placebo:
n = 0 (0.0%)]. Diarrhea and vomiting led to the
discontinuation of two patients (0.9%) from the
capsaicin-alone treatment group. Other causes
for discontinuation were (skin) burning sensa-
tion [n = 2 (0.3%)], pruritus [n = 1 (0.1%)], gas-
troenteritis [n = 1 (0.1%)], nasopharyngitis
[n = 1 (0.1%)], dizziness [n = 1 (0.1%)] and
paresthesia [n = 1 (0.1%)].

Overall, the incidences of drug-related AEs
were higher in the diclofenac ? capsaicin
[n = 39 (17.3%)] and capsaicin alone [n = 43
(19.3%)] treatment groups than in the
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diclofenac alone [n = 7 (3.1%)] and placebo
[n = 2 (2.7%)] treatment groups. The incidences

of drug-related AEs by system organ class (SOC)
and preferred term followed the same pattern as

Fig. 3 Adjusted mean (SE) change from baseline in pressure algometry (N/cm2) to day 6 morning—TS

Table 6 Adjusted mean (SE) for change from baseline in pressure algometry (N/cm2) at day 6 morning—TS

Treatment N Mean (SD) at
baseline

Adjusted mean
(SE)a

Comparison vs. diclofenac 1 capsaicin

Adjusted mean of
difference (SE)a,b

95% CI P value

Placebo 75 16.03 (5.162) 8.01 (1.199) 1.65 (1.339) - 0.98,

4.27

0.2193

Capsaicin 223 15.47 (5.456) 9.38 (0.737) 0.28 (0.949) - 1.58,

2.15

0.7672

Diclofenac 223 15.61 (5.379) 7.64 (0.740) 2.02 (0.950) 0.15, 3.88 0.0339

Diclofenac ? capsaicin 225 15.73 (5.378) 9.66 (0.737)

CI confidence interval, SD standard deviation, SE standard error, TS treated set
a Model includes treatment, country, application site, time, treatment by time interaction, baseline pressure algometry and
baseline pressure algometry by time interaction
b Positive values are in favor of the combination treatment
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for all AEs. There were no serious adverse events
(SAEs) in any of the treatment groups; no rele-
vant changes in safety laboratory parameters
(hematology or biochemistry) or vital signs over
time were observed in any treatment group.

The incidence of all skin irritations was
reflected by the use of the dermal response
score. The percentages of patients without skin
irritation at 1 h after dosing on day 1 were
higher for the diclofenac alone [n = 204
(91.5%)] and placebo [n = 65 (86.7%))] treat-
ment groups than the diclofenac ? capsaicin
[n = 136 (60.4%)] and capsaicin alone [n = 113
(50.7%)] treatment groups. However, these skin
irritations were confined to barely perceptible or
readily visible erythema in almost all cases [di-
clofenac ? capsaicin group (39.1%, one patient

had minimal edema or papular response), cap-
saicin group (49.3%)]. Similar results were
reported at evaluations on days 2–4. At day 6,
the percentage of patients with no irritation
from the diclofenac ? capsaicin and capsaicin-
alone treatment groups were comparable with
the diclofenac alone and placebo treatment
groups [diclofenac ? capsaicin: n = 193
(87.3%); capsaicin alone: n = 198 (89.2%);
diclofenac alone: n = 211 (95.5%); placebo:
n = 72 (97.3%)].

Overall tolerability, as assessed by patients
and investigators, was very good or good in the
majority of patients in all treatment groups. In
the diclofenac ? capsaicin treatment group,
overall tolerability was assessed as very good or
good in 75.5% and 81.3% by patients and

Table 7 Adverse events reported by all patients and AEs reported by C 2 patients in any treatment group—TS (as treated)

System organ class
Preferred term

Placebo
N (%)

Capsaicin
N (%)

Diclofenac
N (%)

Diclofenac 1 capsaicin
N (%)

Total
N (%)

Number of patients 75 (100.0) 223 (100.0) 223 (100.0) 225 (100.0) 746 (100.0)

Total with any AE 12 (16.0) 59 (26.5) 27 (12.1) 48 (21.3) 146 (19.6)

Gastrointestinal disorders 1 (1.3) 3 (1.3) 1 (0.4) 1 (0.4) 6 (0.8)

Vomiting 1 (1.3) 2 (0.9) 1 (0.4) 0 (0.0) 4 (0.5)

Diarrhea 0 (0.0) 2 (0.9) 1 (0.4) 0 (0.0) 3 (0.4)

General disorders and administration

site conditions

0 (0.0) 31 (13.9) 3 (1.3) 20 (8.9) 54 (7.2)

Burning sensation 0 (0.0) 16 (7.2) 1 (0.4) 12 (5.3) 29 (3.9)

Application site pain 0 (0.0) 10 (4.5) 0 (0.0) 7 (3.1) 17 (2.3)

Application site warmth 0 (0.0) 3 (1.3) 0 (0.0) 0 (0.0) 3 (0.4)

Infections and infestations 5 (6.7) 12 (5.4) 5 (2.2) 3 (1.3) 25 (3.4)

Nasopharyngitis 4 (5.3) 9 (4.0) 4 (1.8) 3 (1.3) 20 (2.7)

Nervous system disorders 4 (5.3) 5 (2.2) 8 (3.6) 7 (3.1) 24 (3.2)

Headache 3 (4.0) 5 (2.2) 6 (2.7) 6 (2.7) 20 (2.7)

Paresthesia 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.3)

Skin and subcutaneous tissue disorders 1 (1.3) 13 (5.8) 3 (1.3) 19 (8.4) 36 (4.8)

Skin burning sensation 0 (0.0) 7 (3.1) 2 (0.9) 12 (5.3) 21 (2.8)

Pruritus 1 (1.3) 5 (2.2) 0 (0.0) 5 (2.2) 11 (1.5)

AE adverse event, TS treated set
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investigators, respectively (capsaicin alone:
77.1% and 81.6%, diclofenac alone: 91.9% and
92.8%, placebo: 94.7% and 96.0%, respectively).

DISCUSSION

Diclofenac is an established active pharmaceu-
tical ingredient found within topical formula-
tions worldwide, with diclofenac salts available
in concentrations of between 1 and 4%. Gels,
creams, lotions, sprays or patches are mainly
used for local symptomatic treatment of pain
and inflammation [25]. Capsaicin is also widely
used to manage neuropathic and muscu-
loskeletal pain, and has been available in topical
formulations (generally 0.025–0.1% by weight)
in most countries since the 1980s [22]. The
topical combination of diclofenac plus cap-
saicin has not yet been assessed in clinical
studies. The different mechanisms of action and
therapeutic effects associated with diclofenac
and capsaicin and the reported role of capsaicin
as a penetration enhancer for topical drugs (e.g.
for indomethacin [26] and naproxen [27]) could
increase both the exposure to and the thera-
peutic effect of topical diclofenac and thus
result in an additive or synergistic effect when
used in combination.

In this study, patients were suffering from
low back and/or neck pain. In the diclofe-
nac ? capsaicin arm, 59.6% of patients exhib-
ited a decrease in their pain of at least 30% by
the evening of day 2, compared with 67.3% and
48% in the capsaicin and diclofenac-alone arms,
respectively. The gel containing diclofenac in
combination with capsaicin provided no addi-
tional pain relief when compared with capsaicin
alone in analyses of the primary endpoint, key
secondary endpoints, and all other efficacy
endpoints, and was superior to diclofenac alone
and placebo. The change from baseline in
POMWP at day 2 in the evening, 1 h after drug
application, diclofenac ? capsaicin was signifi-
cantly superior to diclofenac alone (adjusted
mean difference: - 0.72, 95% CI - 1.10, - 0.33;
P = 0.0003) and placebo (adjusted mean differ-
ence: - 0.60, 95% CI - 1.15, - 0.06;
P = 0.0303). However, there was no significant
difference demonstrated between

diclofenac ? capsaicin and capsaicin alone
(adjusted mean difference: 0.21, 95% CI - 0.18,
0.60; P = 0.2886).

Results from the analyses of the primary
endpoint were confirmed by the data from all
secondary efficacy endpoints, including POMWP

AUC(0–72h) and POMWP AUC(0–120h), which did
not detect any relevant differences between the
combination therapy diclofenac ? capsaicin
and capsaicin alone.

These results were supported in sensitivity
analyses based on the per protocol set and on
the FAS (OC-R), an observed case approach in
which any value after rescue medication was
excluded. These findings were consistent across
all subgroups, with no significant interactions
in any subgroup analyses based on application
site, age, sex, and country.

The results for all other efficacy endpoints
were supportive of the conclusion that diclofe-
nac ? capsaicin combination therapy was
comparable with capsaicin alone in terms of
efficacy in this patient population and superior
to diclofenac alone and placebo. The use of
rescue medication was infrequent in all treat-
ment groups.

The similar efficacy of diclofenac ? capsaicin
and capsaicin alone in this treatment indication
is corroborated by two randomized, double-
blind, parallel group phase 3 studies [19, 20]
which assessed efficacy and safety of multiple
doses of topically applied capsacinoids [noni-
vamide (with or without the nicotinic acid ester
nicoboxil)] at different strengths over a 4-day
treatment period. The hyperemization-inducing
ointments were applied on defined skin areas of
patients suffering from acute low back pain.
Comparable to capsaicin in this study, noni-
vamide/nicoboxil ointment was shown to be an
effective and well-tolerated medication for the
treatment of acute non-specific low back pain
[20]. Somewhat surprisingly, analgesic efficacy
of these topicals was higher compared to other
treatments (including systemic analgesics and
muscle relaxants) [10].

The gel preparation of diclofenac alone used
in this study had limited effect, showing effi-
cacy comparable with placebo, and therefore,
unsurprisingly, its addition to capsaicin in the
combination therapy gel added no benefit in
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terms of increased pain relief over capsaicin
alone. The lack of efficacy of diclofenac versus
placebo in this study was unexpected and not
consistent with published findings. In a study in
patients with acute neck pain, for example,
Predel et al. [5] showed that a 1.16% diclofenac
gel significantly reduced POM by 75% versus
23% compared with placebo at 48 h after
application, and this change represented clini-
cally relevant pain relief. In addition, all POM
scores were significantly reduced versus placebo
from 1 h after application [5]. In this study,
however, diclofenac was formulated as ethano-
lamine salt, and therefore may have exposed
different skin absorption properties compared
with the formulation used in our study (di-
clofenac sodium) which could have contributed
to the apparent lack of efficacy of diclofenac
alone. In a phase 1 study comparing the
bioavailability of diclofenac in a diclofe-
nac ? capsaicin combination gel to a reference
product of diclofenac gel (Voltarol� 2.32% gel)
in healthy volunteers, the diclofenac exposure
following application of the topical gel combi-
nation product was less than half from the ref-
erence product (NCT03074162) [28, 29].

The authors acknowledge that the warming
effect of the topical application of capsaicin
could potentially have compromised the
blinding of treatment assignments in the study.
The difficulty of treatment blinding due to the
skin warming sensation associated with cap-
saicin application is a recognized limitation for
randomized controlled trials [30]. In addition,
two of the four treatment groups included
capsaicin, resulting in a low likelihood of
inadvertent unblinding.

Although incidences of drug-related AEs
were higher in the diclofenac ? capsaicin
(17.3%) and capsaicin alone (19.3%) treatment
groups than in the diclofenac alone (3.1%) and
placebo (2.7%) treatment groups, all topical
treatments applied in this study were well tol-
erated. Overall, the majority of both, patients
and investigators, assessed tolerability of all
study treatments as good or very good. There
were no fatal AEs, SAEs, or adverse events of
special interest, and only a few AEs led to dis-
continuation of study medication.

The type and incidence of AEs occurring in
patients on active treatment in this study were
consistent with the known safety profiles for
these topical medications [31]. The higher
occurrence of skin irritations in the capsaicin-
exposed treatment groups was attributable to
barely perceptible or readily visible erythema in
almost all cases. Localized hyperemia with ery-
thema of the skin and a sensation of warmth
can be attributed to the normal pharmacody-
namic effect of this medicinal product [32].
When erythema was included in the assessment
of skin reactions for the gels used in this study,
the incidence of skin irritation was initially
higher in the diclofenac ? capsaicin and cap-
saicin-alone treatment groups than in the
diclofenac alone and placebo treatment groups.
The responder analysis of the DRS scores for
skin reactions showed that the exclusion of
erythema at all assessments and in all treatment
groups resulted in a negative response for
almost all patients.

CONCLUSION

Capsaicin alone and the combination therapy
diclofenac ? capsaicin were superior to placebo
and to diclofenac alone, but the combination
provided no additional pain relief when com-
pared with capsaicin alone in analyses of
change in POMWP between baseline and eve-
ning of day 2, POMWP over 72 and 120 h and for
all other key efficacy endpoints.

The topical treatments applied in this study
were well tolerated, with the type and incidence
of AEs occurring in patients on active treatment
consistent with the known safety profiles for
these topical medications.

The reliability of the conclusions on the
efficacy of the combination versus capsaicin
alone can be challenged because the gel prepa-
ration of diclofenac alone in this study showed
efficacy comparable with placebo. Therefore,
unsurprisingly, its addition to capsaicin in the
combination therapy gel added no benefit in
terms of increased pain relief over capsaicin
alone. As other topical diclofenac formulations
have been proven to be effective for the treat-
ment of lower back pain/neck pain, the
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principle of enhancing the effectiveness of the
single ingredients by a combined topical for-
mulation containing capsaicin and diclofenac
may still be proven by further research.
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