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A B S T R A C T

Background: To date, it has been reported that the intrinsic factors(lesions location, lesions area, disease tynpes)
and extrinsic factors(fluence rate) contribute to the pain during 5-aminolevulinic acid photodynamic therapy
(ALA-PDT). But there are few studies on pain during ALA-PDT and lack of sufficient clinical evidence related to
the pain intensity.
Objective: To investigate pain intensity and its relative factors during ALA-PDT and to provide clinical im-
plication.
Methods: The pain numeric rating scale (PNRS) score was used to evaluate the patients' pain intensity at different
times during ALA-PDT irradiation from 0 to 10min during treatment. Gender, age, lesions location, lesions area,
ALA concentration and fluence rate were recored.
Results: The trial enrolled 274 patients in total, including 118 acne patients (in face), 30 actinic keratosis(AK)
patients(in face), 126 Condylomatata acuminate patients(in genitalia). The average pain score in PDT was
highest in the patients with actinic keratosis(7.3 ± 0.7), and that of condylomata acuminata was the lowest
(4.5 ± 1.1) (p < 0.05). The highest pain score in patients with AK, acne and condylomata acuminata was 8, 6
and 6 respectively which occurred at 4 min, 4 min and 6 min respectively. The pain score of males was higher
compared with females in all of the three diseases (p < 0.05). The pain score of facial diseases (5.6 ± 1.2) was
higher than that of the genitalia (4.5 ± 1.1) (p < 0.05). The lesions area was positively correlated with the
pain score (p < 0.05). In facial diseases, the pain score of patients with high fluence rate (7.3 ± 0.7) was
higher than patients with low fluence rate (5.1 ± 0.9) (p < 0.05).
Conclusions: Intrinsic and extrinsic factors both correlate with pain during PDT. Intrinsic factors are difficult to
change, so extrinsic factors are the key point to control. We can reduce the fluence rate and extend the treatment
time, relieving pain intensity while still ensuring equivalent efficacy.

1. Introduction

5-Aminolevulinic acid photodynamic therapy (ALA-PDT) is widely
used in dermatology for the treatment of actinic keratosis (AK), acne
and condylomata acuminata in China [1–4]. It employs ALA as a pho-
tosensitizer (PS) precursor and visible light in the presence of oxygen,

leading to the production of cytotoxic reactive oxygen species(ROS),
which can damage the cellular organelles and cause cell death [5].
Compared with other conventional treatment modalities, ALA-PDT has
numerous advantages, such as non-invasive technique conservation of
the original structure and function of tissues or organs, large area of
disease treatment, effective for invisible or metastatic tumor and good
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cosmetic effect [6].
However, ALA-PDT sessions have to be paused because of pain [7].

At present, there are few studies on pain during ALA-PDT, and even
lack of sufficient evidence of the risk factors for pain.

It has been reported that the lesion location, lesion area and type of
diseases contribute to variations of pain during ALA-PDT [3,5,8].
However, there is no comprehensive analysis of the factors that influ-
ence pain. Therefore, this study is a prospective clinical study intended
to explore the relationship between clinical relative factors and pain
during ALA-PDT.

2. Patients and methods

2.1. Patients

Patients in Shanghai Skin Disease Hospital, Jinshan Hospital and
Minhang Hospital

from October 2015 to October 2017 were included in the pro-
spective study.

2.2. Inclusion standard

(1) Patients with moderate to severe facial acnes were selected and
the diagnosis and classification of acne were referring to the Cunliffe
classification method [9,10]. (2) Condylomata acuminata was diag-
nosed through histological examination or polymerase chain reaction
test of HPV [5]. (3) The AK patients were diagnosed through dermo-
scopy and histopathology. (4) All patients were above 18 years old [5].
(5) Based on the approval of ethics committee specify, all patients
signed informed consent and agreed to participate in this study.

2.3. Exclusion standard

(1) Patients with psychological problems, photosensitive disease,
allergic to porphyrins or intolerable of treatment, pregnancy and lac-
tation, taking oral contraceptives and systemic glucocorticoids were
excluded [10,11]. (2) Before participating in the study, the patients
who systematically took retinoic acid within 1 year,systemically took
antibiotics within 1 month, and used topical medications for acne
treatment within 2 weeks [5]. (3) Patients who had gonorrhea and non-
gonococcal urethritis/cervicitis, autoimmune disease or im-
munosuppression (such as systemic lupus erythematosus, dermato-
myositis, human immunodeficiency virus infection, transplantation or
corticosteroid therapy, etc.) were excluded from the study [4]. (4) Pa-
tients who had taken painkillers or long-term painkillers during the past
week were excluded. (5) Patients with hypertension and heart disease
were excluded.

2.4. ALA-PDT treatment

In this study, freshly prepared 5%, 10% and 10% ALA cream (5-
aminolevulinic acid, product name: ALA, a product of Shanghai Fudan
Zhangjiang Bio-Pharmaceutical Co., Ltd., Shanghai, China) were used
for the treatment of patients of acne, AK and condylomata acuminata
respectively. The prepared cream was evenly applied to the skin lesions
and 2 cm around it. After wrapping it with plastic film and protecting
from light for 3 h, the acne patients were irradiated with a red LED
device (630 ± 5 nm, Led 635, wuhan yage Co., Ltd., Wuhan, China.)
by the fluence rate was 40 mw/cm2 [12], energy 36–50 J/cm2. The AK
patients were irradiated with a red LED device by the fluence rate was
80 mw/cm2 [10], energy 80–100 J/cm2. The condylomata acuminata
patients were treated with a red LED by the fluence rate was 80 mw/
cm2 [4], energy 80–100 J/cm2. During this study, the patients were
asked to report any adverse effect to the medical staff. The treatment
was repeated in every 7–10 days, and 3–5 treatments were provided in
total [10].

2.5. Pain evaluation

For each patient, the pain score was evaluated by using the pain
numeric rating scale (PNRS). For a score of 0, there is no pain, and a
score of 10 indicates the most intolerable degree of pain [13]. The
scores when the patients experienced the most server pain (take in-
tegers) were used as the final result of assessment. During the treatment
with the 7 times (0, 1, 2, 4, 6, 8, 10min), the patients’ pain scores were
recorded by the same doctor. For patients who can’t afford the pain, we
stopped recording their pain scores and gave them cooling to relieve
pain. Present study only selected the first treatment of each patient for
analysis.

2.6. Statistical methods

SPSS 17.0 statistical software (SPSS, version 17.0 for Windows;
SPSS, Chicago, III, USA) was used for statistical analysis. One-way
analysis of variance was used to compare the components of the disease
types. Gender, skin lesions, ALA concentrations, and fluence rate were
compared using two independent samples t-test. The age and lesion
area were used linear regression equation. In addition, a multivariate
linear regression analysis of gender, disease type, fluence rate, age, and
lesion area were performed. p < 0.05 indicates statistical significance.

3. Results

3.1. General information of patients included

As shown in Table 1, their average age of 274 patients was
34.3 ± 17.8 years old. Among them, 190 patients were male with

Table 1
Patients information.

Risk factors AK Age Mean ± SEM Condylomata acuminata Age Mean ± SEM Acne Age Mean ± SEM

Gender
Male 11 72.5 ± 10.5 101 36.1 ± 12.3 78 22.6 ± 5.6
Female 19 72.5 ± 10.4 25 36.7 ± 12.1 40 34.3 ± 5.7

Localization
Face 30 72.5 ± 10.4 0 36.1 ± 12.3 118 22.6 ± 5.6
Genitalia 0 126 0

ALA concentration
5% 0 72.5 ± 10.4 0 36.1 ± 12.3 118 22.6 ± 5.6
10% 30 126 0

Fluence rate
40mw/cm2 0 0 118 22.6 ± 5.6
80mw/cm2 30 72.5 ± 10.4 126 36.1 ± 12.3 0
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average age of 34.0 ± 17.5, and 84 patients were female with average
age 34.5 ± 18.0. There were 118 (43.07%) acne patients (78 male
patients and 40 female patients) with more than 12 inflammatory acne
lesions on their face, and the course of them was between 6 months to
10 years. There were 30 (10.95%) AK patients (11 male patients and 19
female patients) and the course of disease was between 1 year to 10
years. There were 126 (45.99%) cases of condylomata acuminata (101
male patients and 25 female patients), located on mons pubis, labia
majora, labia minora and crissum and the course of disease was be-
tween 1 month to 48 months. The symptoms included light red papil-
lary or filiform neoplasm, soft and brittle, which tends to bleed when
touched [9]. All patients completed the treatment, and no one with-
drew during the halfway. All patients signed informed consent and
agreed to participate in the present study based on the approval of
ethics committee specify. All the patients participated in this photo-
dynamic therapy had burning sensation, but all patients completed the
treatment of all patient (Table 1).

3.2. Pain score during different time points in ALA-PDT

The pain scores of the patients with AK, acne and condylomata
acuminata were all increased with time. The changes are all shown in
Fig.1. At 4th minute, the pain score in acne and AK groups reached the
maximum mean score, 5 points and 7 points respectively. At 6th
minute, the maximum mean pain score was 4 points in condylomata
acuminata. One-way analysis of variance was used to analysis disease
types at 0min, 4min, 6min. The score of pain in patients of AK, acne
and condylomata acuminata had a significant statistical difference
(p < 0.05). Among them, two independent samples t-test was used to
analysis disease type in two groups respectively. It was shown that at
the pain score had a significant statistical difference when the pain
score of AK paients compared with the pain score of acne paients
(p < 0.05), the pain score of AK paients compared with the pain score
of Condylomata acuminate paients (p < 0.05), and the pain score of
acne paients compared with the pain score of condylomata acuminata
paients (p < 0.05). At 1 min, the pain score of acne paients VS pain
score of condylomata acuminata patients have a significant statistical
difference (p < 0.05). At 2 min, 8min, 10min, the pain score of AK
paients VS pain score of acne patients have a significant statistical
difference (p < 0.05), the pain score of AK paients VS pain score of
condylomata acuminata patients have a significant statistical difference
(p < 0.05).

3.3. Analysis the effects of relative pain factors of PDT

The disease type and lesion location were the single factor asso-
ciated with the intensity of pain (p < 0.05). The pain score of AK was
the highest and the condylomata acuminata was lowest, and the pain
score of the facial diseases was higher than that of the genitals
(Table 2).

Linear regression analysis showed that there was a linear relation-
ship between lesion area and pain score (p < 0.05). As shown in Fig. 2,
when lesion area is less than 14 cm2, the pain score is increased with
lesion area. When the lesion area is more than 14 cm2, even if the skin
lesion area continues to increase, the pain score remains unchanged. As
shown in Fig. 3, there was also a linear relationship between age and
pain (p < 0.05). Among them, age under 40 years old patients had a
positive correlation with the pain score (Table 3).

3.3.1. Multivariate linear regression analysis
According to the gender, disease type, fluence rate, age and lesion

area, the linear regression model had statistical significance
(p < 0.001, and adjust R2=0.515). The gender, disease type, fluence
rate and lesion lcation were statistically significant (p < 0.05)
(Table 4).

3.4. Further analysis of the pain relative factors of PDT in the three diseases
respectively

Gender has an effect on the pain scores of the three diseases
(p < 0.05), and the pain scores of male are higher than women
(Table 5).

As shown in Fig. 4, there was also a linear relationship between
lesion area (not age) and pain score in condylomata acuminata, and
there was a positive correlation (Table 6).

3.5. Analysis of the pain scores and relative facors of PDT in patients with
facial diseases

Analysis of the pain in patients with acne and AK on gender, disease
type, ALA concentration and fluence rate (Table 7). The average pain
score of AK patients was higher than acne patients (p < 0.05). The
pain score of patients with high ALA concentration was higher than
patients with low ALA concentration (p < 0.05). The pain score of
patients with high fluence rate was higher than patients with low flu-
ence rate (p < 0.05). The pain scores of male are higher than women
(p < 0.05).

Analysis of the effects of age and lesion area on the pain score in
facial diseases by linear analysis. The results in Fig. 5 showed that there
was a linear relationship between age and pain score, and there was a
positive correlation (p < 0.05) (Table 8).

Fig. 1. Pain visual analogue scale at different time points in ALA-PDT for acne
(10min), AK (10min), Condylomata acuminate (10min).

Table 2
Single factor analysis of pain intensity.

Risk factors n Mean ± SEM F t p value

Gender 8.974 1.523 0.130
Male 190 5.1 ± 1.2
Female 84 4.9 ± 1.5

Localization 3.457 −7.865 ＜ 0.001
Face 148 5.6 ± 1.2
Genitalia 126 4.5 ± 1.1

Diagnosis 68.337 ＜0.001
AK 30 7.3 ± 0.7
Acne 118 5.1 ± 0.9
Condylomata acuminata 126 4.5 ± 1.1

ALA concentration 15.699 0．904 0.367
5% 118 5.1 ± 0.9
10% 156 5.0 ± 1.5

Fluence rate 15.699 0．904 0.367
40mw/cm2 118 5.1 ± 0.9
80mw/cm2 156 5.0 ± 1.5

SEM:standard error of the mean p＜ 0.05 is regarded as significant.
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4. Discussion

ALA-PDT is widely used in the dermatology department currently.
Pain is still a challenge during the treatment with complicated etio-
pathogenesis as well as unknown pathogenesis [14–17].

So far, the influencing factors of pain are still unclear. Some studies
reported that during the treatment of lesions on face, the average pain
score was associated with lesion area, gender and types of dieases
[18,19]. However, the factors affecting pain in acne and condylomata
acuminata patients and the pain intensity at multiple time points during

treatment were not involved. This study was aimed to help analysing
the specific factors that affect pain score, determining patients toler-
ance degree of pain during treatment, formulating intervention mea-
sures for adverse symptoms in advance and reducing the incidence of
pain and alleviate the intensity of pain further.

In our study, our results show that different diseases have different
pain scores. The patients of AK have the highest pain score and the
patients of condylomata acuminata lowest. This might be related to the
lesion location of disease as different parts have different pain scores
during ALA-PDT. The pain score of facial diseases patients are the
highest because there are many nerves distributed on face that make

Fig. 2. Linear analysis of lesion area and pain score in the three diseases.

Fig. 3. Linear analysis of age and pain score in the three diseases.

Table 3
Linear regression analysis between age and pain score.

Risk factors N B p value

Age
≤40 208 −0.643 ＜0.001

Lesion area 274 0.52 0.013

B: regression coefficient p＜ 0.05 is regarded as significant.

Table 4
Multivariate linear regression analysis results.

Risk factors B std Beta p value

Gender −0.838 0.125 −0.301 ＜ 0.0001
Diagnosis 1.449 0.119 0.766 ＜ 0.0001
Fluence rate 0.045 0.688 0.688 0.001
Age 0.074 0.025 0.025 0.674
lesions area 0.049 0.439 0.439 0.043

B: regression coefficient.
Std: standard error.
Beta: standardized coefficients p＜ 0.05 is regarded as significant.

Table 5
Gender analysis of pain score.

Diagnosis n Mean ± SEM F t p value

AK 0.437 4.151 ＜ 0.0001
Male 11 7.8 ± 0.4
Female 19 6.9 ± 0.6

Acne 1.230 6.873 ＜ 0.0001
Male 78 5.5 ± 0.8
Female 40 4.4 ± 0.9

Condylomata acuminata 0.698 2.649 0.009
Male 101 4.6 ± 1.0
Female 25 4.0 ± 1.2

SEM:standard error of the mean p＜ 0.05 is regarded as significant.

Fig. 4. Linear analysis of lesion area and pain score in Condylomata acuminate.
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them more sensitive [20], which explain why the pain score of genitalia
is lower than that of the facial diseases.

Although the pain scores of female patients were higher than those
of males in the respective studies of the three diseases, there was no
statistically significant comparison between the three diseases.

Interestingly, there is a negative correlation between age and pain
score of patients under 40 years old. This may be due to the decline in
people’s the neuroepidermal density and sensitivity as they age [21],
which reduces their tolenrance to pain.

It was showed that the larger lesion area is, the higher pain score is,
which has a linear relationship. However in our study, after the lesion
area reaches a certain value, the pain score will no longer increase.
Through further analysis, the lesion area is positively correlated with
the pain score in patients of condylomata acuminata.

In our analysis of the three diseases, the above therapeutic factors
didn't show significant statistical difference. Interestingly, when we
used low concentration and low fluence rate ALA-PDT to treat acne
patients, the average pain score was still significantly higher than the
pain score of patients with condylomata acuminata. The possible reason
is that facial nerve intensive has a great impact on pain scores. It was
reported that PDT can increase the sensitivity of sensory neurons to
capsaicin, produced by prostaglandins [3]. Our studies show that when
the patients with ficial diseases were treated with high fluence rate and
high ALA concentration, the pain scores of patients were significantly
higher than low ones with statistical difference. Additionally, it was
observed that low concentration and low fluence rate treatment had the
same effects compared with high treatment. And it can make acne pa-
tients with less pain and more comfortable [22]. Some articles show
that daylight PDT in comparison with conventional PDT was as effec-
tive, better tolerated and nearly painless with high patient satisfaction,
and may be considered a treatment of choice to meet needs of patients
with mild or moderate facial AK patients [23]. And in our multivariate
linear model, we found that in the three diseases, gender, disease type,
lesion area, and fluence rate have an impact on the pain score. Among
them, gender, disease types, lesion area, these three factors can not be
changed by patients, but we can adjust the fluence rate to reduce the
local ROS concentration in the patient's diseases lesions, thereby re-
ducing the pain of patients, the local concentration of ROS is also a
possible causes of pain [17,24]. So maybe we can give paitents low
fluence rate and long time to complete ALA-PDT.

In summary, we believe that disease types, lesion location, gender,
lesion area,age and fluence rate are all factors related to pain intensity
during the ALA-PDT. Before clinical ALA-PDT, comprehensive evalua-
tion of patients should be done based on the above factors. For patients
with potential severe pain, appropriate analgesic measures can be
provided to the patients. Through this study, we find that among the six
influencing factors, disease types, lesion location, gender, lesion area,
age are the intrinsic factors. So we can extend the treatment time and
reduc the fluence rate, maybe it can relieve pain while ensuring efficacy
at the same time. Nevertheless, further larger studies are needed to
support the results of this promising report.
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