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Abstract: Objective: To evaluate the long-term efficacy of skin cancer surgery (SCS) combined with 5-aminolevulinic 
acid-photodynamic therapy (ALA-PDT) on facial skin cancer (FSC). Methods: A total of 110 FSC patients admitted 
to Affiliated Hospital of Hebei University of Engineering were enrolled, of which 60 patients were treated with SCS 
combined with ALA-PDT as a SAP group, and other 50 patients were treated with ALA-PDT alone as an AP group. The 
clinical efficacy, wound healing time, hospitalization time, wound infection rate, recurrence rate, living ability, social 
ability, psychological function, and body function of the two groups were compared, and the patients were followed 
up for 5 years, and compared in terms of the 5-year overall survival (OS). Moreover, the risk factors affecting treat-
ment efficacy on FSC patients were analyzed. Results: The SAP group got better clinical efficacy, and experienced 
shorter wound healing time and hospitalization time than the AP group, and it also suffered a lower wound infection 
rate and recurrence rate than the AP group. In addition, the living ability, social ability, psychological function, and 
body function scores, and the 5-year OS of the SAP group were greatly higher than those of the AP group. Working 
under outdoor exposure, having organ transplantation experience, T stage, and treatment method were indepen-
dent risk factors affecting the treatment efficacy on FSC patients. Conclusion: SCS combined with ALA-PDT has a 
definite long-term effect on FSC, so it is worthy of clinical promotion.
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Introduction

Skin cancer is the most common malignant 
tumor in the fair-skinned person, which has 
brought certain medical care burden to the 
society [1]. According to statistics, the inci-
dence of skin cancer is on the rise, with 
100,000 new cases each year in the United 
States alone [2]. The pathological types of skin 
cancer include the non-melanoma and mela-
noma of basal cell carcinoma and squamous 
cell carcinoma, of which non-melanoma skin 
cancer is the most common skin cancer in fair-
skinned people, and is more common in men 
[3, 4]. Facial skin cancer (FSC) is a skin cancer 
on the face, and the cosmetic effect of treat-
ment on it poses a great psychological impact 
on women [5]. Studies have shown that the 

most common cause of FSC is pathogenic 
mutation at the bispyrimidine site caused by 
excessive ultraviolet radiation, and sunscreen 
is of great importance in preventing FSC [6]. 
Skin cancer surgery (SCS) is the main treat-
ment method for early FSC, and 5-aminolevu-
linic acid-photodynamic therapy (ALA-PDT) is a 
non-surgical treatment with relatively good cos-
metic effect, but its side effects such as pain 
may lead to incomplete treatment [7, 8]. 
Therefore, this study compared the efficacy of 
SCS combined with ALA-PDT and that of ALA-
PDT alone, with the goal ofproviding reference 
for treatment of FSC patients.

SCS, as a traditional treatment method for FSC, 
has certain clinical efficacy, but it may leave 
scars on the face of FSC patients and even 
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change their appearance, posing certain poten-
tial negative effect on the original appearance 
and mental health of them [9]. A study by 
Sanchez et al. [10] pointed out that the life 
quality of FSC patents within two weeks after 
SCS was not significantly improved, which 
implied that SCS alone may not be conducive to 
improving the short-term life quality of the 
patients after surgery. PDT is a centuries-old 
treatment with certain therapeutic effect on 
various benign diseases and even cancers, and 
it has advantages of non-invasion and ability of 
treating various diseases simultaneously [11, 
12]. ALA is a prodrug required in PDT, and can 
be used for tumors including FSC [13]. Studies 
reported that in the mechanism of action of 
ALA-PDT for FSC patients, inhibition of the 
MAPK signaling pathway could intensify the tox-
icity of ALA-PDT on cancer cells and induce the 
death of the cells [14]. A study by Lu et al. [15] 
pointed out that ALA-PDT could be used as an 
auxiliary method of SCS, which was beneficial 
to narrow the resection range of FSC tumor 
lesions and had better safety and cosmetic 
effects. It implied that SCS combined with ALA-
PDT may provide more satisfactory treatment 
efficacy on FSC patients.

At present, there are few studies on the long-
term efficacy of SCS combined with ALA-PDT in 
the treatment of FSC patients, so we evaluated 
the efficacy of SCS combined with ALA-PDT by 
analyzing relevant indicators regarding clinical 
efficacy and long-term efficacy, hoping to pro-
vide clinical reference for the treatment of FSC 
patients.

Materials and methods

General materials

A total of 110 FSC patients admitted to Affiliated 
Hospital of Hebei University of Engineering 
from May 2013 to May 2014 were enrolled, of 
which 60 patients were treated with SCS com-
bined with ALA-PDT as a SAP group, and other 
50 patients were treated with ALA-PDT alone 
as an AP group. The SAP group consisted of 35 
males and 25 females between 25 and 75 
years old, with a mean age of 8.72±8.19 years, 
and the AP group consisted of 27 males and 23 
females between 25 and 73 years old, with a 
mean age of 57.56±7.83 years. This study was 
approved by the Ethics Committee of Affiliated 
Hospital of Hebei University of Engineering, and 

study participants and their family members 
signed informed consent forms after under-
standing the study. The inclusion criteria were 
as follows: Patients diagnosed with FSC based 
on histology and pathology [16], patients willing 
to accept and cooperate with the therapeutic 
regimens of this study and willing to accept a 
5-year follow-up, and those undergoing FSC 
treatment for the first time. The exclusion crite-
ria were as follows: Patients comorbid with 
other malignant tumors or severe organ dys-
function, patients with mental disease and 
unable to communicate normally, patients with 
infectious disease, and those with recent his-
tory of surgery. The inclusion criteria were appli-
cable to the SAP group and the AP group.

Treatment methods

SCS [17]: The skin in the entire skin lesion area 
was removed along the lateral side of the skin 
lesion edge according to the skin lesion. If the 
skin tension was not high, sutures were made 
directly, while if the skin tension was high, 
sutures were made after skin grafting or adja-
cent skin flap transfer.

ALA-PDT [18]: Patients were given ALA 
(Shanghai Yuduo Biotechnology Co., Ltd., China, 
YDM9280) as follows: 20% ALA was applied to 
the skin lesion according to the skin lesion area 
of the patients. A photodynamic laser thera-
peutic instrument (Tianjin Leiyi Laser Tech-
nology Co., Ltd., China, 3241235) was employed 
to radiate the skin lesion with red light for 20 
minutes, with fiber pigtail 10 mm away from the 
skin lesion after the patient was in the dark for 
3 hours, and the skin lesion was irradiated with 
635 nm and 60-100 J/cm2 for 30 min. The 
treatment was performed four times, once a 
week.

The SAP group was treated with SCS combined 
with ALA-PDT, with ALA-PDT performed after 
SCS, while the AP group was treated with ALA-
PDT alone.

Efficacy assessment

The efficacy of the two groups was analyzed 
according to the Response Evaluation Criteria 
in Solid Tumours (RECIST) after a half year of 
treatment [19]. Complete remission (CR) 
referred to the outcomes as follows: Completely 
disappeared tumor skin lesions, relieved pig-
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mentation, and no original pathological chang-
es. Partial remission (PR) referred the outcome 
that the skin lesion was reduced by at least half 

the area of it, and non-remission (NR) referred 
to the result that the skin lesion was reduced 
by less than half the area of it. The effective 

Table 1. Baseline data of the two groups [n (%), mean ± SD]
Factor n The SAP group (n = 60) The AP group (n = 50) χ2/t P-value
Sex 0.208 0.648
    Male 62 35 (58.33) 27 (54.00)
    Female 48 25 (41.67) 23 (46.00)
Age (Y) 0.206 0.650
    <60 59 31 (51.67) 28 (56.00)
    ≥60 51 29 (48.33) 22 (44.00)
Average age (Y) 110 58.72±8.19 57.56±7.83 0.755 0.452
Hypertension history 0.001 0.970
    No 76 41 (68.33) 34 (68.00)
    None 34 19 (31.67) 16 (32.00)
Diabetes mellitus history 1.737 0.188
    No 72 36 (60.00) 36 (72.00)
    None 38 24 (40.00) 14 (28.00)
Drinking history 1.907 0.167
    No 65 39 (65.00) 26 (52.00)
    None 45 21 (35.00) 24 (48.00)
Smoking history 0.420 0.517
    No 69 36 (60.00) 33 (66.00)
    None 41 24 (40.00) 17 (34.00)
Family history of melanoma 1.473 0.225
    No 83 48 (80.00) 35 (70.00)
    None 27 12 (20.00) 15 (30.00)
Sunscreen measures 1.604 0.205
    No 70 35 (58.33) 35 (70.00)
    None 40 25 (41.67) 15 (30.00)
Be fond of sunbathing or not? 0.443 0.506
    No 61 35 (58.33) 26 (52.00)
    Yes 49 25 (41.67) 24 (48.00)
Work under outdoor exposure or not? 2.761 0.097
    No 85 50 (83.33) 35 (70.00)
    Yes 25 10 (16.67) 15 (30.00)
Have received an organ transplant or not? 0.104 0.747
    No 91 49 (81.67) 42 (84.00)
    Yes 19 11 (18.33) 8 (16.00)
T stage 0.044 0.835
    T1/T2 96 52 (86.67) 44 (88.00)
    T3/T4 14 8 (13.33) 6 (12.00)
Pathological type 1.315 0.252
    Basal cell carcinoma 68 40 (66.67) 28 (56.00)
    Squamous cell carcinoma 42 20 (33.33) 22 (44.00)
Tumor diameter (cm) 1.275 0.259
    <5 92 48 (80.00) 44 (88.00)
    ≥5 18 12 (20.00) 6 (12.00)
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rate = the number of patients with CR and that 
of patients with PR/the total number of patients 
× 100%.

Follow-up

The patients were followed up through tele-
phone calls, visits and access to their patho-
logical data for five years, four times a year. 
Overall survival (OS) refers to the time from con-
firmed diagnosis to death or the last follow-up 
day.

Other outcome measures

The wound healing time, hospitalization time, 
wound infection rate, recurrence rate, and ad- 
verse reactions of the patients were recorded.

The activity of daily living (ADL) scale and the 
General Quality of Life Inventory-74 (GQOU-74) 
were employed to evaluate life quality of the 
patients after surgery [20, 21]. The ADL scale 
was used for evaluation of the living ability, with 
a standard score between 0 and 100 points, 
and a higher score indicates better self-care 
ability. The GQOL-74 was used for evaluation of 
the social ability, psychological function, and 
body function, with 0 to 100 points, and a high-
er score indicates corresponding better eva- 
luation.

data was carried out using the chi-square test. 
Data with theoretical frequency in the chi-
square test less than 5 were analyzed using the 
continuity correction chi square test. Measure- 
ment data were expressed as the mean ± stan-
dard deviation (mean ± SD), and inter-group 
comparison in terms of measurement data was 
carried out using the independent-samples T 
test, and comparison within groups was carried 
out using the paired t test. Logistics multivari-
ate regression analysis was carried out to ana-
lyze risk factors for unfavorable prognosis of 
FSC patients. P<0.05 suggested a statistical 
significant difference.

Results

Baseline data of both groups are comparable

There was no significant difference between 
the two groups in terms of sex, age, average 
age, hypertension history, diabetes mellitus 
history, drinking history, smoking history, family 
history of melanoma, sunscreen measures, 
preference for sunbathing, working under out-
door exposure, organ transplantation experi-
ence, T stage, pathological type, and tumor size 
(all P<0.05). See Table 1.

The efficacy on the SAP group is significantly 
better

The evaluation revealed that the clinical effica-
cy in the SAP group was remarkably higher than 
that in the AP group (P<0.05). See Table 2.

The long-term efficacy on the SAP group is sig-
nificantly better

We evaluated the long-term efficacy on the two 
groups undergoing different treatment meth-
ods according to the 5-year OS, and success-
fully followed them up for 5 years. It was turned 
out that the 5-year OS of the two groups was 
76.36% (84/110), and the 5-year OS of the SAP 
group was significantly higher than that of the 
AP group (P<0.05). See Figure 1.

Table 2. Clinical efficacy of the two groups [n (%)]

Group n CR PR NR Total effective 
rate

The SAP group 60 25 (18.75) 27 (33.75) 8 (22.50) 86.67
The AP group 50 11 (18.00) 24 (58.00) 15 (6.00) 70.00
χ2 value - 4.791 0.099 4.581 4.581
P-value - 0.029- 0.753 0.032 0.032

Statistical analysis

In this study, the data were ana-
lyzed statistically using SPSS- 
22.0 (Beijing EASYBIO Techno- 
logy Co., Ltd., China). Enume- 
ration data were expressed as 
the number of cases/percent-
age (n/%). Inter-group compari-
son in terms of enumeration 

Figure 1. SCS combined with ALA-PDT was signifi-
cantly associated with a higher 5-year OS.
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The incidence of adverse reactions in the SAP 
group is significantly lower

The incidence of adverse reactions such as 
scar hyperplasia, scar contracture, local ede- 
ma, severe itching, and serious pruritus in the 
SAP group was lower than that in the AP group, 
and the total incidence of adverse reactions in 
the SAP group was greatly lower than that in 
the AP group (P<0.05). See Table 3.

The recovery of the SAP group was signifi-
cantly better

The SAP group experienced significantly short-
er wound healing time and hospitalization time 
(P<0.05), and suffered a lower wound infection 
rate and recurrence rate than the AP group. 
See Figure 2.

Multivariate logistic regression analysis was 
carried out to factors with differences, and it 
was turned out that working under outdoor 
exposure (P = 0.001), organ transplantation 
experience (P = 0.024), T stage (P = 0.018), and 
treatment method (P = 0.008) were indepen-
dent risk factors affecting the treatment effica-
cy on FSC patients. Therefore, patients who 
worked under outdoor exposure, underwent 
organ transplantation, had high T stage, and 
received ALA-PDT treatment alone faced an 
increased risk of non-remission. See Tables 
4-6.

Discussion

Basal cell carcinoma and squamous cell carci-
noma are the main pathological types of FSC 

Table 3. Adverse reactions of the two groups [n (%)]

Item The SAP group  
(n = 60)

AP group 
(n = 50) χ2 value P-value

Scar hyperplasia 0 (0.00) 1 (2.00) - -
Scar contracture 0 (0.00) 2 (4.00) - -
Local edema 4 (6.67) 9 (18.00) - -
Severe itching 1 (1.67) 5 (10.00) - -
Serious pruritus 2 (3.33) 6 (12.00) - -
Total 7 (11.67) 23 (46.00) 16.208 <0.001

The life quality of the SAP group 
was significantly better

The living ability, social ability, psy-
chological function, and body func-
tion scores of the SAP group were 
dramatically higher than those of 
the AP group (all P<0.05). See 
Figure 3.

ALA-PDT treatment alone is one of 
the risk factors affecting the ef-
ficacy on FSC

The comparison between patients 
with complete remission or partial 
remission and patients with non-
remission in terms of clinical pa- 
rameters and relevant indicators 
revealed that in this study, there 
were 87 patients getting complete 
remission or partial remission, and 
23 patients getting non-remission. 
There was no significant difference 
between the patients with com-
plete remission or partial remission 
and patients getting non-remission 
in terms of sex, age, average age, 
hypertension history, diabetes mel-
litus history, drinking history, smok-
ing history, family history of mela-
noma, preference for sunbathing, 
pathological type, and tumor size 
(all P>0.05), while there was a big 
difference between them in sun-
screen measures, working under 
outdoor exposure, organ transplan-
tation experience, T stage, and 
treatment method (all P<0.05). 

Figure 2. Relevant clinical indicators of the two groups. A. The wound 
healing time of the SAP group was remarkably lower than that of the 
AP group. B. The hospitalization time of the SAP group was remarkably 
lower than that of the AP group. C. The wound infection rate in the SAP 
group was remarkably lower than that in the AP group. D. The recur-
rence rate in the SAP group was remarkably lower than that in the AP 
group. Note: * indicates P<0.05, and *** indicates P<0.001.
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patients in this study. Skin basal cell carcinoma 
is characterized by slow growth and small 
metastasis, which causes local tissue damage 
of patients and further leads to tissue dysfunc-
tion and appearance damage [22], and squa-
mous cell carcinoma will increase the risk of 
recurrence and death of FSC patients when 
developing to affect lymph nodes [23]. Studies 
have reported that basal cell carcinoma and 
squamous cell carcinoma are the first and sec-
ond common FSC, respectively [24]. Therefore, 
it is of great significance to study the treatment 
of FSC patients with these two pathological 
types for the maintenance of the patient’s 
appearance and the reduction of the mortality 
risk.

There are a growing number of studies regard-
ing the treatment of FSC patients. For example, 
a study by Dixon et al. [25] showed that the inci-
dence of postoperative hemorrhage was 0.7%, 
and advanced age, Warfarin therapy, surgical 
site in or around the ear, skin flap closure, and 
graft were risk factors affecting the postopera-
tive hemorrhage after SCS. A study by Morton 
et al. [26] pointed out that ALA-PDT had the 
same effect as cryotherapy in treating skin 

finding that the SAP group experienced shorter 
wound healing time and hospitalization time, 
and suffered a lower wound infection rate and 
a recurrence rate than the AP group, which indi-
cated that the recovery of FSC patients treated 
with both SCS and ALA-PDT was faster than 
that of those treated with ALA-PDT alone, and 
SCS combined with ALA-PDT contributed to a 
lower postoperative infection rate and a lower 
recurrence rate. We also evaluated the postop-
erative life quality of the two groups, finding 
that the living ability, social ability, psychologi-
cal function, and body function scores of the 
SAP group were greatly higher than those of the 
AP group, which implied that SCS combined 
with ALA-PDT was much more effective in 
improving patients’ life quality.

Studying the risk factors affecting FSC patients 
is helpful for us to find the prevention strategy 
against FSC. Studies have shown that the 
potential risk factors for FSC include frequent 
absence of sunscreen measures, low sensitivi-
ty of skin to ultraviolet rays, smoking, alcohol 
abuse, and working under outdoor exposure, so 
paying attention to sunscreen, reducing expo-
sure to ultraviolet radiation, and living a healthy 

Figure 3. Comparison between the two groups in life quality. A. The living abil-
ity score of the SAP group was remarkably higher than that of the AP group. 
B. The social ability score of the SAP group was remarkably higher than that 
of the AP group. C. The psychological function score of the SAP group was 
remarkably higher than that of the AP group. D. The body function score of 
the SAP group was remarkably higher than that of the AP group. Note: *** 
indicates P<0.001.

basal cell carcinoma, had 
more prominent healing and 
cosmetic effects, was supe-
rior to 5-fluorouracil in treat-
ing skin squamous cell carci-
noma, and was more safe. In 
this study, the short-term 
clinical efficacy on the SAP 
group was significantly bet-
ter than that on the AP group, 
and the 5-year OS in the SAP 
group was also significantly 
higher than that in the AP 
group, which indicated that 
SCS combined with ALA-PDT 
had better short-term and 
long-term efficacy for FSC 
patients, and was beneficial 
to improve the 5-year surviv-
al rate of patients. It is un- 
derstood that FSC can also 
be treated by pulsed Nd 
laser irradiation, which is the 
most effective treatment for 
T (1-2), N (0) and M (0) stage 
FSC [27]. In this study, we 
analyzed relevant clinical 
indicators of the two groups, 
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Table 4. Univariate analysis of the efficacy on FSC [n (%), mean ± SD]

Factor n
The complete remission 

+ partial remission  
group (n = 87)

The non-remission 
group (n = 23) χ2/t P-value

Sex 0.240 0.624
    Male 62 48 (55.17) 14 (60.87)
    Female 48 39 (44.83) 9 (39.13)
Age (Y) 0.395 0.530
    <60 59 48 (55.17) 11 (47.83)
    ≥60 51 39 (44.83) 12 (52.17)
Average age (Y) 110 58.85±8.30 57.42±7.62 0.747 0.457
Hypertension history 2.151 0.142
    No 76 63 (72.41) 13 (56.52)
    None 34 24 (27.59) 10 (43.48)
Diabetes mellitus history 1.026 0.311
    No 72 59 (67.82) 13 (56.52)
    None 38 28 (32.18) 10 (43.48)
Drinking history 0.079 0.778
    No 65 52 (59.77) 13 (56.52)
    None 45 35 (40.23) 10 (43.48)
Smoking history 1.385 0.239
    No 69 57 (65.52) 12 (52.17)
    None 41 30 (34.48) 11 (47.83)
Family history of melanoma 3.340 0.068
    No 83 63 (72.41) 20 (50.00)
    None 27 24 (27.59) 20 (50.00)
Sunscreen measures 4.523 0.033
    No 70 51 (58.62) 19 (82.61)
    Yes 40 36 (41.38) 4 (17.39)
Be fond of sunbathing or not? 1.689 0.194
    No 61 51 (58.62) 10 (43.48)
    Yes 49 36 (41.38) 13 (56.52)
Work under outdoor exposure or not? 14.358 <0.001
    No 85 74 (85.06) 11 (47.83)
    Yes 25 13 (14.94) 12 (52.17)
Have received an organ transplant or not? 4.455 0.035
    No 91 83 (95.40) 8 (34.78)
    Yes 19 4 (4.60) 15 (65.22)
T stage 8.209 0.004
    T1/T2 96 80 (91.95) 16 (69.57)
    T3/T4 14 7 (8.05) 7 (30.43)
Pathological type 2.412 0.120
    Basal cell carcinoma 68 57 (65.52) 11 (47.83)
    Squamous cell carcinoma 42 30 (34.48) 12 (52.17)
Tumor diameter (cm) 2.009 0.156
    <5 92 82 (94.25) 10 (43.48)
    ≥5 18 5 (5.75) 13 (56.52)
Treatment method 9.643 0.002
    SAP 60 55 (63.22) 5 (21.74)
    AP 50 32 (36.78) 18 (78.26)
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life help us prevent FSC [28]. A study by Fortina 
et al. [29] pointed out that organ transplant 
recipients faced an increased risk of FSC, and 
heart transplantation recipients faced a higher 
risk of FSC than kidney transplant recipient. It 
also concluded that age over 40 years, light 
skin, and over 10,000 hours of sunlight expo-
sure were risk factors for FSC in organ trans-
plant recipients. There are also reports indicat-
ing that in FSC induced by heart transplanta-
tion, the incidence rate of squamous cell carci-
noma increases, and sunshine exposure over 
30,000 hours in a whole life is the largest risk 
factor, followed by solar keratosis [30]. At the 
end of our study, we analyzed the risk factors 
affecting the efficacy on FSC, and found that 
working under outdoor exposure, having organ 
transplantation experience, T stage, and treat-
ment method were independent risk factors 
affecting the treatment efficacy on FSC pa- 
tients, which indicated that FSC patients who 
worked under outdoor exposure, underwent 
organ transplantation, had high T stage, and 
received ALA-PDT treatment alone faced an 
increased risk of non-remission.

There is still a room for improvement in this 
study. For example, we can supplement an 
analysis on the postoperative aesthetic appear-
ance of FSC patients and the patients’ satisfac-
tion with treatment, and we can also supple-
ment a study on the pathological regulation 
mechanism of SCS combined with ALA-PDT 
treatment. We will carry out supplementary 
research from the above improvement points in 
the future.

To sum up, SCS combined with ALA-PDT has 
definite long-term effect on FSC, so it is worthy 
of clinical promotion.
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