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 Background: To treat moderate to severe acne vulgaris, we developed an optical fiber imported intra-tissue photodynam-
ic therapy: the optical fiber irradiation 5-aminolevulinic acid photodynamic therapy (OFI-ALA-PDT). The aim of 
this study was to compare the treatment effect and tolerability of OFI-ALA-PDT versus traditional ALA-PDT in 
the treatment of moderate to severe acne vulgaris.

 Material/Methods: 60 patients with facial acne enrolled into this study were randomly divided into an OFI-ALA-PDT group and a 
traditional ALA-PDT group, with 30 patients in each group. The difference between these 2 groups was the red 
light irradiation methods used. In the OFI-ALA-PDT group we used intra-tissue irradiation (import the red light 
directly into the target lesion with optical fiber) for 5 min, while the traditional ALA-PDT group received whole-
face irradiation for 20 min. All patients received 1 irradiation every 7 to 10 days for a total of 6 irradiations. 
Treatment effects and adverse reactions were recorded after the 4th and 6th irradiation, and at 4, 8, 16 weeks 
after the entire treatment.

 Results: After the 4th irradiation, significantly different effective rates were observed in these groups (90.0% for the OFI-
ALA-PDT group and 66.7% for the control group). However, no significant difference in effective rate was re-
corded in the later observations. There were 182 adverse reactions in the OFI-ALA-PDT group and 497 in the 
control group, which showed a significant difference (P<0.05).

 Conclusions: OFI-ALA-PDT showed improved treatment effective rate in the early stage of irradiation, and it had fewer ad-
verse reactions.
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Background

Acne vulgaris is a common skin disease of great cosmetic con-
cern to young people. Propionibacterium acnes and sebum se-
cretion are the main contributors to acne pathogenesis.

The recommended treatments for acne include topical medica-
tions and systemic use of antibiotics, hormones, and retinoids, 
according to severity [1]. Tretinoin or isotretinoin is very effec-
tive for the treatment of intractable acne but its use has been 
limited due to the potential for teratogenicity [2].

Topical photodynamic therapy (PDT) with topical application of 
sensitizers in the treatment of different kinds of skin diseases is 
of increasing research interest. PDT is based on the activation of 
light-sensitive molecules (photosensitizers) to cause cell death 
by producing cytotoxic oxygen radicals. 5-aminolevulinic acid 
(ALA) is frequently used in topical PDT because it is converted 
into protoporphyrin (PpIX), an extremely active photosensitizer, 
upon irradiation with red light [3]. Recent studies have suggested 
that ALA-PDT is also effective in treatment of acne vulgaris [1,4].

With the increasing use of ALA-PDT for patients with acne vul-
garis, adverse effects have increased, including pain, burning 
sensation, itching, prickling, erythema, edema, pustules, acne-
iform eruption, and excoriations [5–7], with causes related to 
the concentration of photosensitizer, the energy of light, and 
skin conditions of patients. The inaccuracy of whole-face irra-
diation is also an important reason. Therefore, we studied an 
optical fiber intra-tissue irradiation 5-aminolevulinic acid pho-
todynamic therapy (OFI-ALA-PDT) in the treatment of moder-
ate to severe acne in patients treated in our department from 
January 2014 to June 2015.

Material and Methods

Patients

Patient inclusion criteria were according to the diagnosis and 
classification in the Cunkuffe classification method [8]. These 
classifications areas are: light (mainly whiteheads and black-
heads), medium (mainly inflammatory papules and pustules), 
and severe (inflammatory papules, nodules, and inflammato-
ry cysts). Exclusion criteria were: (1) internal or external use of 
antibiotics within the last 4 weeks; (2) systemic use of a ret-
inoid in the last 6 months; (3) photosensitive or keloid histo-
ry; (4) pregnant or liver function unusual; (5) cannot complete 
the course; (6) staff directly participating in the study; and (7) 
participants currently in other clinical studies or who partic-
ipated in another study within the last 3 months. The study 
was upon the approval of the hospital ethics committee and 
all the patients signed informed consent.

These 60 patients with moderate to severe acne were treated 
from January 2014 to June 2015 in our dermatology depart-
ment. Rash was limited to the face, and the main symptoms 
were inflammatory papules, pustules, nodules, and cysts, with 
different degrees of pigmentation and scarring. Patients were 
randomly divided into 2 groups, with 30 patients in each. The 
treatment group (OFI-ALA-PDT) included 12 males and 18 fe-
males, aged 12–44 years, with an average of 26.8±5.2 years; 
the course of disease ranged from 3 to 120 months with an 
average of 30 months, with no drop-outs. In the control group, 
there were 16 males and 14 females, aged 15–42 years with 
an average of 27.3±4.8 years; the course of disease ranged 
from 4 to 108 months, with an average of 33 months, with 
no drop-outs. No significant differences were observed be-
tween the 2 groups in sex, age, or course of disease (P>0.05).

Treatment

In the treatment group (OFI-ALA-PDT) (Figure 1), 3.6% ami-
nolevulinic acid was evenly applied to the rashes and the sur-
rounding 0.5 to 1.0 cm of normal skin. After 1.5 h of incubation 
shielded from light, we wiped off the remaining photosensitiz-
er, disinfected, inserted disposable optical fiber needles into 
the skin lesions with inflammatory papules and nodules, and 
imported the red light irradiation to the tissues located 3 mm 
below the follicular orifice (including the sebaceous glands) 
for 5 min. We used 633±3 nm wave length. For irradiation, a 
dose of 4.5 J/cm2 (dose at skin, detected by a VLP-200 laser 
power meter, Changchun Feimiao Tech., Ltd) was given for the 
first time (this dose was based on our previous data in an ani-
mal model, data not shown), and was adjusted to 3–24 J/cm2 
in the following irradiations according to adverse reactions. 
Dark glasses were used to protect patients’ eyes during irradi-
ation. The skin was sterilized again after irradiation and avoid-
ed strong light for 3 days. Irradiations were carried out every 
7–10 days, and each patient received 6 irradiations in total. 
In the control group, the traditional skin surface irradiation 

Figure 1.  Illustration of intra-tissue OFI-ALA-PDT. The red light 
was imported directly into the target lesion with 
optical fiber.
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was used. For irradiation, a dose of 54 J/cm2 at skin was used 
with a fixed-power density of 45 mW/cm2 for 20 min, and the 
distance between the light panel and patient’s apex nasi was 
set at 10 cm. The treatment was repeated every 7 to 10 days 
for 6 consecutive sessions.

Evaluation

Effective criteria [9] were the number of skin lesions and cura-
tive effect as recorded and judged by the same dermatologist.

“Cure” was 90% or more of the skin lesions disappeared; “re-
markably effective” was 60% to 89% of the skin lesions disap-
peared; “effective” was 20% to 59% of skin lesions disappeared; 
and “invalid” was less than 20% of skin lesions disappeared. 
Effective rate was the percentage of cured cases plus remark-
able cases divided by the total cases.

Treatment effects and adverse reactions were recorded during 
each treatment, before the next treatment and in the subse-
quent follow-up period. These adverse reactions include itch-
ing, pain, pustules, blisters, edematous erythema, pigmentation, 
reactive acne, and desquamation. We recorded the appearing 
and fading away time, severity, and actions used to combat 

these adverse reactions. Follow-up was performed at 4, 8, and 
16 weeks after the last irradiation.

Statistics

SPSS17.0 software was used for statistical analyses. The chi-
square test was used to compare different groups and the 
rank-sum test was used to compare adverse reactions be-
tween groups, age, and disease courses. P<0.05 was consid-
ered as statistically significant.

Results

Effective rate

The treatment results are shown in Figure 2. By the end of the 
4th irradiation, the effective rate of the OFI-ALA-PDT group was 
90%, which is significantly higher than the control group’s 66.7% 
(c2=4.812, P<0.05). However, there was no significant difference 
between these groups when all the 6 irradiations were finished 
(93.3% in the treatment versus 90% in the controls) (Table 1). 
Furthermore, follow-up at 4, 8, and 16 weeks after all the treat-
ment showed no improvement in the OFI-ALA-PDT group (Table 1).

A
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F

Figure 2.  Clinical photographs from a patient treated with OFI-ALA-PDT. (A) Before treatment. (B, C) After the fourth and sixth 
treatment. (D–F) Follow up at week 4, 8, 16.
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Adverse reactions

There were 84 adverse reactions recorded in the OFI-ALA-PDT 
group during treatment, which is significantly less than the 242 
recorded in the control group (Table 2). After the treatment, 
there are 98 adverse reactions in the treatment group and 255 
in the control group (Table 2). Overall, 182 adverse reactions 
in the OFI-ALA-PDT group and 497 in the control group were 
recorded, indicating that OFI-ALA-PDT treatment performed 
better in decreasing the number of adverse reactions (P<0.01).

Discussion

Acne is a common disease of dermatology. The clinical treat-
ment for moderate to severe acne has mainly focussed on the 
systematic usage of antibiotics and retinoids. However, this 
kind of treatment is limited due its obvious adverse effects. 
In recent years, a large number of studies have confirmed 
that ALA-PDT by red light is a highly effective treatment for 
acne [10–14]. Unfortunately, with the extensive use of ALA-
PDT, more and more adverse effects had been reported. Almost 
all photodynamic therapy patients experience various rang-
es of adverse reactions, including moderate to severe pain, 
erythema, pustules, and peeling [15]. The presently known 

factors affecting photodynamic therapy efficiency and safety 
include the concentration of photosensitizer, photosensitiz-
er packet time, photosensitizer type, light type, and light pa-
rameters. The conventional method used to reduce adverse 
reactions is to avoid light and sunshine, and cold spray or 
cold repair facial mask after photodynamic therapy, but the 
effect is limited. Some new strategies were reported to re-
duce the adverse effects. One study used different concen-
trations of ALA for the treatment and found that the high-
er concentration was related to improved curative effect but 
caused severe adverse reactions [16]. Some studies reduced 
the ALA packet time from a few hours to 1 hour and observed 
low incidence of adverse reactions, especially in the case of 
pigmentation, but its curative effect is reduced to a certain 
degree [14,17,18]. At the same time, the use of new photo-
sensitizers is also a popular research topic. Jang introduced 
new photosensitizers (indocyanine green and indole-3-acetic 
acid) in photodynamic therapy for acne. The study achieved 
a good effect, and only produced slight erythema (6/34) and 
pruritus (8/34) after each irradiation, which resolved within 
a few hours [19].

However, to date there have been no reports about methods 
of light irradiation. The photodynamic approach currently used 
in the ALA-PDT uses the external exposure mode. In this mode, 

Detection 
time

Groups
Therapeutic effect Effective 

rate (%)
c2

Cure Remarkable effective Effective Invalid

The 4th 
treatment

OFI-ALA-PDT 18 9 3 0 90.0
4.812

Control 12 8 8 2 66.7

The 6th 
treatment

OFI-ALA-PDT 22 6 2 0 93.3
0.218

Control 19 8 3 0 90.0

4th week 
follow-up

OFI-ALA-PDT 21 7 2 0 93.3
0.741

Control 19 7 4 0 86.7

8th week 
follow-up

OFI-ALA-PDT 19 8 2 1 90.0
0.162

Control 16 10 4 0 86.7

16th week 
follow-up

OFI-ALA-PDT 18 8 2 2 86.7
0.131

Control 15 10 4 1 83.3

Table 1. Comparation of the therapeutic effect between the OFI-ALA-PDT and the control group during the treatment and follow-up.

During treatment Follow-up

Control 242* 255

OFI-ALA-PDT 84 98

Comparation Z=–11.399, P<0.01 Z=–11.629, P<0.01

Table 2. Comparation of the adverse effect between the OFI-ALA-PDT and the control group.

* The adverse effect was measured as times.
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to get to the hair follicle sebaceous glands, the red light has 
to penetrate the skin epidermis layer. However, this is bound 
to increase the light attenuation, and the epidermis layer may 
absorb more light, leading to local adverse effects. On the oth-
er hand, the hair follicle sebaceous glands would absorb less 
energy and the effect would be limited. Therefore, to address 
this problem, we used disposable optical fiber needles to pen-
etrate the skin 3 mm to import the red light into subcutane-
ous layers of the target site. This method was expected to 
achieve accurate, minimally invasive, targeted therapy in the 
tissues and reduce damage to the normal skin surrounding 
the lesions, so it can alleviate the related adverse effects. To 
determine whether this irradiation method could improve the 
therapeutic effects, the traditional red light external exposure 
photodynamic therapy was included as a control. As expect-
ed, by the end of the 4th irradiation, the effective rate of the 
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