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Photodynamic therapy (PDT) is an efficient treatment
for actinic keratosis. A common problem, however,
is pain. The aim of this study was to investigate pain
during PDT for actinic keratosis. The possibility of using
capsaicin cream for pain relief was also assessed. Pain
was investigated during aminolaevulinic acid PDT in
91 patients. Size, redness, scaling and induration of the
lesions were recorded. Maximum pain during treatment
was registered, using a visual analogue scale (0–10). The
pain-reducing efficacy of capsaicin was tested in a pilot
study in six patients (10 lesions). These patients were
pre-treated with capsaicin cream for one week before
commencing PDT. Pain was found to be normally distributed around a mean value of visual analogue scale 4.6.
Larger lesions gave more pain (p=0.001). The redness of
the actinic lesions was found to be related to PDT-induced pain (p=0.01), the reduction of actinic area (p=0.007),
and the cure rate (p=0.01). The redder the actinic area,
the better the treatment outcome and the more pain
experienced. Patients with the largest reduction in the
actinic area experienced more pain (p=0.053). The most
important factors for presence of pain seem to be the size
and the redness of the lesion. No significant pain relief
was experienced after pre-treatment with capsaicin. Key
words: actinic keratosis; aminolaevulinic acid; capsaicin;
pain; PDT.
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Photodynamic therapy (PDT) is now an established
method to treat superficial basal cell carcinoma (SBCC),
Bowen’s disease (BD) and actinic keratosis (AK) (1–5).
There is no difference in the cure rate of superficial skin
lesions between PDT and excisional surgery, curettageelectrodesiccation or cryotherapy (1, 3, 6–8). The main
advantage of PDT is that the method is non-invasive and
generally leads to excellent cosmetic results. Hence PDT
is an attractive treatment modality. The majority of the
patients experience some degree of stinging, burning or
pain during PDT (5). We have previously shown that the
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peak of pain is reached after a few minutes of irradiation,
and then gradually decreases towards the end of the treatment period (9), which verifies observations by Kennedy
& Pottier (10). In another previous study from some of
the present authors, it was demonstrated that patients with
AK seem to suffer from more intense pain than those
with BD or SBCC (5). Furthermore, it was shown that
PDT of larger lesions and lesions localized on the scalp
and forehead was associated with more pain than that of
lesions on other sites (5, 11).
The mechanism behind the PDT-induced pain is as
yet unknown. Local hyperthermia and cytotoxic oxygen
have been suggested to contribute (12, 13). One hypothesis proposed is that aminolaevulinic acid (ALA) is
actively transported into the peripheral nerve-endings,
triggering nerve stimulation when illuminated (11, 14).
Following PDT and cell necrosis, inflammation is generated which might add to the stinging and discomfort
later in the process (13).
Pain is generally believed to be mediated through the
unmyelinated afferent c-fibres, and involves substance P
and other neurotransmitters. The pain experienced by the
patients during PDT has been found to be difficult to treat
(5). Cold air, cooling fans and spraying of water are routin
ely used, but have limited effect (2, 3, 5–7, 15, 16). Topical
tetracaine was investigated recently but did not differ from
placebo (17). Lidocaine-cream (EMLA®, Astra/Zeneca,
Södertälje, Sweden) and infiltration of local anaesthetics
have been tried with limited success (1, 3, 5).
Repeated contact with capsaicin, a chilli-pepper, is
thought to deplete substance P and other transmitters
from the nerve-endings and produce desensitization (18,
19). In a large review of pooled data it was found that
capsaicin was effective in reducing chronic pain from
neuropathy and muscular-skeletal disorders (20).
The aim of this study was to investigate which factors
are related to pain during PDT for AK. In addition, the possibility of reducing the pain by pre-treatment of the lesion
with capsaicin cream was investigated in a pilot study.
PATIENTS AND METHODS
Patients
The patients were recruited at 10 centres. The local Ethics Committee of Linköping approved the study. In total, 94 patients
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(70 men and 24 women), aged 52–91 years (mean 76 years),
with AK on the head or upper chest region entered the study.
The inclusion criterion was either one clinically diagnosed AK
measuring > 2 cm in diameter or at least two AKs within an area
of 5×5 cm. The AK lesions were classified in 5 different size
categories, 1–5%, 6–25%, 26–50%, 51–75% and 76–100% of
the area treated. In addition the lesions were rated according to
redness, scaling and induration (mild, moderate and severe). The
pain during treatment was recorded by using a visual analogue
scale (VAS), as described below. All lesions were biopsied and
only histologically verified AKs were included in the analyses.
Three patients were excluded, two because they histologically
showed BD and a third due to technical problems during the
treatment. Thus 91 patients remained for evaluation. All patients
were classified according to skin type and the cure rate after
PDT was registered after 6–8 weeks.
To test the possible pain-reducing effect of capsaicin, an additional group of 7 patients (5 men and 2 women), aged 50–81
years (mean 65 years), were included in a pilot study carried out
at the Department of Dermatology at Sahlgrenska University
Hospital, Göteborg, Sweden. We compared the experienced
pain with and without pre-treatment with capsaicin before PDT,
using the same light and the same preparation before PDT, with
the same location and lesion type. The inclusion criterion was
that a previous PDT had caused severe pain (VAS 7–10). The
local Ethics Committee approved the study. One patient discontinued the study due to local side-effects. In the remaining
6 patients, 10 lesions were studied: 8 AKs, 1 SBCC and 1 BD,
all histologically verified.
Photodynamic treatment
The ALA cream (Porphin cream, Crawfords Pharmaceuticals
Ltd, Milton Keynes, UK), consisting of 20% w/w 5-ALA-HCl in
Unguentum-Merck® (Darmstadt, Germany) was applied under
occlusion for 3 h in a 5×5 cm chamber made of DuoDERM
(ConvaTec, Bromma, Sweden) with 1 mm depth. We used a
non-coherent spectrally shifted sodium lamp (Photodemarcation
System 1, Prototype 5 Medeikonos AB, Göteborg, Sweden). The
light from the lamp was filtered with a long-pass filter so that
the emission spectrum (590–650 nm) matched the absorption
peak of the photosensitizer PpIX at approximately 635 nm.
The fluence rate was 70 mW/cm2 and the dose was 70 J/cm2.
Complete response was defined as clinically 0–1% remaining AK.
In the capsaicin study, we used ALA-cream prepared at the
local hospital pharmacy, consisting of 20% w/w 5-ALA HCl
(Medac, Hamburg, Germany) in an ointment base (UnguentumMerck®). Here a PDT 1200 lamp (Waldmann Medical, Schwenningen, Germany) with a wavelength interval of 600–730 nm
was used, in order to use the same light source as during the
earlier treatment of these patients. The patient applied capsaicin-cream on the treatment area 3–5 times per day for one week
before treatment. The capsaicin-cream used was Capsina® (AstraZeneca, Södertälje, Sweden) consisting of 0.075% capsaicin,
registered for post-herpetic neuralgia.
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Statistics
Independent t-test procedure was used to examine differences
between two groups. When comparing more than two groups,
analysis of variance (ANOVA) and analysis of covariance (ANCOVA) were used. A Jarque Bera test using Matlab® Statistics
Toolbox was applied to analyse population distribution.

RESULTS
During PDT we found a large variation in level of pain
experienced by the patients (Fig. 1). The pain score was
normally distributed (p=0.34) around a mean value of
VAS 4.6. Twenty-one percent of the patients (n=19)
had severe pain (VAS 7–10) and 31% of the patients
(n=29) had no pain at all or low pain (VAS 0–3). The
AK area was expressed as percentage of the 25-cm2
area treated. The AK lesions were divided into five
different size categories (Fig. 2). The patients with larger
involved areas (51–100%) were found to experience
significantly more pain than those with smaller areas
(1–50%, p=0.001).
The redness of the AK lesions was also found to be
significantly related to pain (p=0.01), the reduction in
AK area (p=0.007), and the cure rate (p=0.01). Mild
redness differed from moderate redness (p=0.001).
Severe redness had an even higher mean VAS, but no
significance was found in that group due to the small
number of patients (n=7). The redder the AK, the better
the treatment outcome and the more pain experienced.
In addition, the redness was found to correlate with the
size of the lesion (p=0.0004).
Patients with the largest reduction in AK area seemed
to experience more pain (p=0.053). A tendency for
more pain in the patients with the skin type I–III (n=88)
compared with those with skin-type IV (n=3) was
found although statistical significance was not reached
(p=0.058). There was no significant difference between
men (n=69) and women (n=22), nor any significant
difference between ages regarding pain. The cure rate
showed that 77% of the patients (n=61) were completely
cured after one treatment, and 85% after two treatments
(Fig. 3).

Pain registration
Pain registration was performed using a VAS, graded from 0
(no pain) up to 10 (unbearable pain). Low pain or no pain was
defined as VAS 0–3, moderate pain as VAS 4–6 and severe pain
as VAS 7–10. Before treatment, the scale was explained to the
patients. Immediately after PDT the patients were asked to record
their maximum pain on the scale. The environment has been
standardized in all PDT-sessions. A nurse was always present
for supervision. Fans and cold water-spraying were used when
needed. All patients were offered short breaks from illumination
if necessary. No analgesics or anaesthesia were given.

Fig. 1. Distribution of the maximum pain during photodynamic therapy,
recorded by a visual analogue scale (VAS) immediately after treatment (n=91
patients). The dotted line illustrates the fitted normal distribution function.
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Fig. 2. Maximum pain (mean VAS+/–SEM) during photodynamic therapy for
the different size groups of actinic keratosis (AK), measured as percentage
of the 25 cm2 area treated (n=number of patients).

In the pilot study of pre-treatment with capsaicin,
there was no significant pain relief compared with
previous treatments. All patients suffered from adverse
events with erythematic skin and a burning sensation in
the treatment area after applying the capsaicin cream.
All adverse events subsided at the end of the pretreatment period.
DISCUSSION
One important factor for pain experienced by patients
during PDT in this study was that treatment of larger
lesions was more painful than that of smaller lesions.
This is supported by earlier findings by Grapengiesser
et al. (5). In addition, the redness of the AK seems
to be important, since patients with intense redness
experienced more pain, reduced the largest AK area
and had a better cure rate. The redness is almost
certainly explained by vasodilatation and the degree
of inflammation; the nerve endings will probably be
more sensitive. More oxygen will be available in the
vasodilated area, though what effect this has is as yet
unclear. The vasodilatation may lead to better penetration of the pro-drugs to the photosensitizer, leading to

Fig. 3. Patients divided into 6 different size groups of the actinic keratosis
(AK), as percentage of the 25 cm2 area treated, before photodynamic therapy
(PDT) and after one and two treatments, respectively.
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a better cure rate. The PDT cure rate was comparable
with that seen in several other studies (6, 8). We found
that 77% of the patients were completely cured after
one treatment and 85% after two treatments.
In our trial with high-output broadband exposure,
we found that 21% of the patients experienced severe
pain (VAS 7–10) and 31% noted no or slight pain (VAS
0–3), using red light (wavelength 635 nm) and ALA.
Our results are similar to those of Grapengiesser et
al. (5), in whose study there was a mixed material of
skin tumours: BCC, AK and BD. In both our study and
Grapengiesser’s investigations approximately 20% of
the patients (exposed to a high-output broadband light
source) reported severe pain. This is further supported
by Clark et al. (21). They used a non-coherent lightsource (Waldmann 1200) with differentiated doses of
50–130 J/cm2 ALA-PDT of BD, SBCC and AK, and
demonstrated that severe pain was experienced in 16–21%
of the patients treated with high-output broadband and
laser (80–150 mW/cm2), but only 2% with the low-output broadband (20–25 mW/cm2). An alternative treat
ment would be to use low-output broadband to reduce
the pain. In addition, as shown by Ericson et al. (9), low
fluence rate is preferable for treatment outcome.
Green light has been proposed to be less painful by
Fritsch et al. (22). They showed that green light was less
painful than red light in the treatment of AKs. Morton et
al. (23) compared the effects of red and green light in
the treatment of BD and found that green light was less
effective than red light, probably because green light does
not penetrate more than 1–2 mm of the skin compared with
5–6 mm for red light, while the frequency and severity of
the pain were similar between the treatment groups.
In this study we have also found that treating larger
lesions resulted in more pain, which is supported by our
previous study on smaller groups of patients and a mixture of tumours (5). Those who reduced their area of
AK most had more pain. Ericson et al. (9) have recently
shown that the pain is more pronounced at the beginning
of the treatment when the rate of photo-bleaching is
high. Hence, the pain seems to be related to the photodynamic activity. These results verify the “no pain – no
gain”-theory proposed by Morton (1).
The pain-relieving effect of one week’s pre-treatment
with capsaicin cream before PDT, was investigated in
a pilot study. Previous results indicate that this period
should be enough to cause desensitization. Wallengren
and Håkanson (18) used topical capsaicin 0.1% twice
daily for 3 days and made the skin unresponsive to substance P and desensitized. Nolano et al. (19) showed a
significant degeneration of epidermal nerve fibres within
a few days when using capsaicin 0.075%. There are
other studies where the pain-reducing effect for postherpetic pain could be expected after 2 weeks, but the
concentration used was lower than in our study, only
0.025% (24–26). Mason et al. (20) have found that higher
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concentration (0.075%) had a better effect on pain than
lower concentration (0.025%). Here, we found no pain
relief using one week’s pre-treatment with capsaicin
(0.075%) before PDT. Side-effects, such as burning,
stinging and itching, were observed in agreement with
earlier studies (27).
In a study of PDT-induced pain (28), ALA and methylester-ALA as pro-drugs to photosensitizers were compared on normal tape-stripped skin. The results showed
that during illumination the topical methyl-ester-ALA
gave significantly less pain than ALA-cream. About
10% of the patients treated with ALA indicated severe
pain (VAS 7–10), while no patients treated with methylester-ALA had severe pain. It is important to repeat this
study in skin tumour patients. Pain is a limiting factor
if ALA is used as a pro-drug during PDT, but the pain
experienced when using the methyl-ester-ALA has not
yet been thoroughly investigated (1, 5, 29). There is also
a possibility that there are differences between various
preparations of ALA-cream. The one we used in the
studies was prepared at the university pharmacy.
Another explanation for the variation in response might
be that ALA is actively transported into the peripheral
nerve endings, triggering nerve stimulation when
illuminated, while the methyl-ester is not (11, 14).
We found that the pain experienced by patients during
PDT is related to the size of the lesion. In addition, lesions with increasing redness are most painful to treat.
Hence, it is of importance to find techniques for reduc
ing discomfort in these patients without jeopardizing
treatment outcome. In this study we tested pre-treatment
with capsaicin cream, but no pain relief was obtained.
A possibility for making the treatment more tolerable
to the patient is to use fractionated doses. This has
been shown to be well tolerated and at the same time
to increase the cure rate (9, 30, 31). There is currently
no adequate PDT protocol for the reduction of pain,
but with size and redness in mind, we can identify the
patients at risk for more pain and take this into consideration before giving treatment.
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