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Abstract: Objective: To determine the efficacy and safety of 5-aminolevulinic acid-mediated photodynamic therapy
(ALA-PDT) in cervical intraepithelial neoplasia (CIN) infected by HPV. Methods: The clinical data of 115 patients with
HPV-Infected CIN admitted to our hospital were selected for this retrospective analysis. They were divided into a
control group (n=53) and an experimental group (n=62) according to different treatment methods. Patients in the
control group were treated by laser therapy, while those in the experimental group were treated by ALA-PDT. The two
cohorts of patients were compared with respect to clinical efficacy, LSIL cure rate, adverse reactions, and compli-
cations. Patients were followed up for 3 months and 6 months, and their clinical outcomes were compared based
on HPV persistence and residual/recurrent low-grade squamous intraepithelial lesion (LSIL). In the experimental
group, the negative conversion rate of HPV and the degree of squamous epithelial lesions in patients with differ-
ent HPV infection types and various visible degrees of transformation zones (TZs) were compared 6 months after
surgery. Results: After 6 months of follow-up, the HPV clearance rate and LSIL reversal rate in the control group
were 62.3% and 64.2%, respectively, while those in the experimental group were 79.0% and 80.6%, respectively,
with significant differences between the two groups (P<0.05). There was no significant difference between the two
groups in terms of the LSIL cure rate of lesions located in cervicovaginal region and cervicovaginal region + cervical
canal (P>0.05). Neither were there any significant differences in HPV negative conversion rate and LSIL residual/
recurrence rate in patients with HPV 16/18 and non-HPV 16/18 between the control group and the experimental
group (P>0.05). However, the HPV negative conversion rate in partially visible TZs was lower than that in completely
visible TZs, and the LSIL residual/recurrence rate in the completely visible TZs in the control group was higher than
that in the experimental group (P<0.05). The incidence of adverse reactions was not significantly different between
the two groups (P>0.05), but the incidence of complications in the control group was higher than that in the experi-
mental group (P<0.05). Neither the experimental group nor the control group had any cases of pathologic escalation
to high-grade squamous intraepithelial lesion (HSIL). Conclusion: ALA-PDT can effectively treat HPV-infected CIN and
promote HPV clearance.
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Introduction

Human papillomavirus (HPV) infection is a risk
factor for invasive cervical cancer (CC) and pre-
cancerous lesions, especially the persistence
of high-risk HPV infection, which is a high-risk
factor for CC [1, 2]. CC is the fourth most
common malignancy in women worldwide [3].
Persistent HPV infection is closely associated
with CC and its precancerous lesions. HPV, a
circular double-stranded DNA virus, can be
divided into high- and low-risk types according

to the benign or malignant nature of the skin
lesions [4]. In cervical squamous cell carcino-
ma, 95% of HPV genotypes are HPV-16, 18,
45, 31, 33, 35, 52 and 58 [5]. Although some
cervical HPV infections can be spontaneously
resolved by the autoimmune system, research
has shown that high-risk HPV infection is a
major trigger for cervical lesions [6]. Therefore,
for high-risk patients with persistent infection
for more than one year, timely intervention sh-
ould be adopted to prevent malignant lesions.
As to those with low-grade cervical lesions,
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prompt and active treatment should be given to
promote the negative conversion of HPV and
prevent the further progression of cervical
intraepithelial neoplasia (CIN). The occurrence
of CC can be defined as a complex mechanism
of uncontrolled cell division that may involve
cellular changes and epigenetic factors such
as HPV gene integration. When HPV infection
occurs, DNA mutates under cellular and other
environmental conditions, resulting in the inte-
gration and operation of viral DNA and host
DNA synthesis mechanisms. Therefore, viruses
can escape cellular and immune defense me-
chanisms, promote cell proliferation, and inhib-
it apoptosis [7].

CIN, which refers to a series of pathomorpho-
logical changes such as abnormal cell prolife-
ration, poor differentiation, nuclear abnormali-
ties and increased mitosis in cervical epithelial
cells under the stimulation of HPV, is closely
related to CC and is a stage before the occur-
rence of CC [8, 9]. Previously, pathologists
divided CIN into three grades according to the
degree of dysplasia of neoplastic cells, namely
CIN I (mild), CIN Il (moderate), and CIN Il (severe
with carcinoma in situ), reflecting a continuous
pathologic process of the occurrence and
development of CC [10]. The Lower Anogenital
Squamous Terminology (LAST) Standardization
project used squamous intraepithelial lesions
(SIL) to rename HPV infection-associated sg-
uamous epithelial lesions of the lower genital
tract, including the cervix, into low-grade squa-
mous intraepithelial lesions (LSIL) and high-
grade squamous intraepithelial lesions (HSIL)
[11]. HSIL has the potential to be cancerous,
and without proper treatment, it has a high risk
of progressing to invasive carcinoma of the cer-
vix. Clinically, loop electrosurgical excision pro-
cedure (LEEP) or cold knife conization (CKC) is
often selected for intervention, depending on
the range of lesions and the depth of invasion
[12-14]. As for the clinical treatment of LSIL,
some experts believe that LSIL is only an in-
stantaneous expression after HPV infection,
which has different biological properties from
malignant tumors, with a high natural regres-
sion rate [15]. Rouzier et al. [16] found that
60%-90% of LSIL can be reversed naturally
within 2 years. While 30% of LSILs persist, 10%
progress to HSIL, and only 1% may progress
to CC [17]. Therefore, early detection and inter-
vention of high-risk HPV persistent infection
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and CIN can effectively prevent the occurrence
of CC.

For virus-infected people, the long-term exis-
tence of HPV will increase the mental burden,
and there is a possibility that the disease may
be transmitted to their spouses through sexual
contact [18]. Currently, there is no effective
treatment for HPV infection. Traditional treat-
ment methods are divided into physical meth-
ods and surgical resection, but with the com-
mon characteristics of easy recurrence, serious
tissue damage, and the risk of fertility due to
damage of cervical structure caused by im-
proper treatment [19]. Photodynamic therapy
(PDT) is a new minimally invasive treatment
technique [20]. 5-aminolevulinic acid-mediated
photodynamic therapy (ALA-PDT) is a relatively
novel technology for the treatment of epithe-
lial, superficial and non-melanoma skin tumors,
infectious lesions, and skin inflammatory dis-
eases [21]. Fan et al. [22] reported that after
1-4 courses of ALA-PDT treatment, lichen pla-
nus lesions were significantly improved, with a
total effectiveness rate up to 71% and no obvi-
ous side effects except for tolerable pain in
most patients. 5-aminolevulinic acid (ALA) is
a precursor of hemoglobin synthesis in vivo,
which does not produce photosensitivity due
to its small content in normal cells. When ALA
is applied to the damaged skin surface, it
crosses the skin barrier, selectively aggregat-
es in the target cells, and is metabolized into
photoactive-free porphyrin in the target cells,
known as protoporphyrin IX (PplX, heme precur-
sor) [23]. ALA-PDT can selectively act on rapidly
proliferating cells and exert a specific killing
effect, with no or less damage to normal tis-
sues and cells [24]. Moreover, it generated no
local scar compared to laser or LEEP, while
effectively protecting cervical function and min-
imizing the impact on fertility. The purpose of
this study was to investigate the ameliorative
effect of ALA-PDT on HPV-infected CIN.

Materials and methods
Study population

The clinical data of 115 patients with HPV-
infected CIN admitted to our hospital from
October 2020 to June 2021 were selected for
this retrospective analysis. Based on different
treatment methods they received, the patients
were divided into a control group (n=53) and an
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Table 1. General information

Course of disease

Lesion location

Age (month) Cervicovaginal region Cervicovgginal region
+ cervical canal
Control group (n=53) 35.71+2.51 15.87+3.86 34 19
Experimental group (n=62)  36.23+2.69 16.24+4.39 39 23
X3/t 1.0655 0.4761 0.0192
P 0.2889 0.6349 0.8898

experimental group (n=62). The average age
of patients was (35.71+2.51) years old in the
control group and (36.23+2.69) years old in the
experimental group. The general data were sim-
ilar in two groups (all P>0.05), indicating the
comparability between two groups (Table 1).
All patients underwent gynecological exami-
nations, including liquid-based cytology test
(LCT), high-risk HPV (Hr-HPV) test (Roche Co-
bas 4800), colposcopy and biopsy, and HPV-
infected low-grade CIN was confirmed. Patients
with CC or other malignancies of the reproduc-
tive system, severe immune diseases and com-
plicated gonorrhea, and acute pelvic inflam-
matory disease were excluded. The choice of
treatment plan was initially based on the pa-
tient’s willingness and the specific condition of
each patient. All patients signed the inform-
ed consent form before enrollment. The study
was approved by the Medical Research Ethics
Committee of the International Peace Mater-
nity & Child Health Hospital of China Welfare
Institute (ID: GKLW 2018-18).

Inclusion criteria: (1) Patients with an age of
25-45 years old and confirmed HPV cervical
persistent infection by HPV genotyping tests;
(2) Patients with LSIL on cervical cytology,
which was confirmed by colposcopy and histo-
pathological biopsy; (3) Patients without any
other treatment for more than 1 year.

Exclusion criteria: (1) Patients with HSIL, malig-
nant cells, or suspected cancerous lesions and
cancerous infiltration indicated by cytological
and histological examination; (2) Patients with
CIN 1l or CIN Ill, CC or invasive cancer as indi-
cated by Colposcopic biopsy; (3) Patients with
severe pelvic inflammation and cervical inflam-
mation or other serious gynecologic inflam-
mation revealed by clinical examination; (4)
Patients with with undiagnosed vaginal bleed-
ing; (5) Patients with allergy to drugs used in
this study or known to have porphyria; (6)
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Pregnant women; (7) Patients with severe
organic disease, mental disorders, autoim-
mune diseases or immunosuppression.

Treatment methods

Patients in the control group received one-time
laser therapy 3-7 days after menstruation.
CO, laser therapy was performed with the JC-
25 CO, laser therapeutic instrument (Shanghai
Juehua Medical Instrument Co., Ltd) with an
output power of 600VA for 2-5 min. Sexual
activity was forbidden for 3 months after
treatment.

ALA-PDT was performed on patients in the
experimental group 3-7 days after menstrua-
tion. The bladder was emptied before the pro-
cedure. Three vials of ALA (Shanghai Fudan
Zhangjiang Biomedical Co., Ltd., 118 mg/vial)
were dissolved in 1.5 mL thermosensitive gel to
make ALA pads by cotton pieces, and ALA pads
were applied on the surface of the cervix and
cervical canal for 3-4 h, then PDT was per-
formed. LED-IB photodynamic therapy instru-
ment (Wuhan Yage Optic and Electronic Te-
chnique Co., Ltd.) was used for cervical and
vaginal lesions, LD600-C photodynamic thera-
py instrument (Wuhan Yage Optic and Electro-
nic Technique Co., Ltd.) was applied to cervical
canal lesions. The lesion area was irradiated
with 635 nm red light wave at 80 mW/cm? for
30 minutes, once every 7-14 days for 3 consec-
utive times. Also, sexual activity was prohibited
for 3 months after treatment.

Outcome measures

(1) Comparison of clinical efficacy: LCT, Hr-HPV
test and colposcopy biopsy were performed
after three months of follow-up. LCT and
HR-HPV tests were performed again after 6
months of follow-up, and colposcopy biopsy
was performed for those with abnormal LCT
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Table 2. Clinical efficacy in both groups of patients

At 3 months after treatment

At 6 months after treatment

Hf:ﬂ::i?g:e LSIL reversion Hfg/ncgrg:;gxe LSIL reversion
Control group (n=53) 30 (56.6) 31 (58.5) 33 (62.3) 34 (64.2)
Experimental group (n=62) 47 (75.8) 48 (77.4) 49 (79.0) 50 (80.6)
X3/t 4.7621 4.7611 3.9271 3.9481
P 0.0291 0.0291 0.0475 0.0469

Table 3. Negative conversion rates of patients with different types of HPV and transformation zones

Negative conversion of different types
of HPV

Negative conversion of different
transformation zones

HPV 16/18 type Non-HPV 16/18 type Completely visible  Partially visible

Control group (n=53) 22 (41.5)
Experimental group (n=62) 36 (58.1)
X3/t 1.3631
P 0.2431

19 (35.8) 28 (52.8) 13 (24.5)
26 (41.9) 35 (56.5)

22 (35.5)"
0.4930
0.4826

“Compared with the visible transformation zone of the same group, P<0.05.

results and HR-HPV positive. A cure was defin-
ed as HR-HPV negative, no cytological findings
of malignant cells or intraepithelial lesions,
and no cervical lesions by colposcopy biopsy.
Residual was defined as continuous cervical
lesions revealed by colposcopic biopsy after 3
and 6 months of follow-up. Recurrence was
defined as no cervical lesions at 3 months fol-
low-up and recurrence at 6 months follow-up.
According to the site of cervical lesions in the
cervix (cervicovaginal region/cervicovaginal re-
gion + cervical canal), we compared the cura-
tive effect and residual/recurrence of different
treatments in the same site and different sites
with the same treatment method.

(2) Adverse reactions of patients were counted,
including colporrhagia in the month after oper-
ation, menstrual abdominal pain and colpitis.

(3) The complications, including bleeding, in-
fection, menstrual flow obstruction, menostax-
is and cervical tube adhesions, were recorded.

(4) Clinical outcomes of patients in the two
groups were compared 6 months after surgery,
with HPV persistence and LSIL residual/recur-
rence (or escalating to HSIL) as the outcome
measures. HPV persistence: Genotyping of HPV
was performed to identify persistent cervical
infection. Recurrence was defined as abnormal
uterine cervical fluid after surgery detected
by cytology or colposcopy, and the presence of
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negative lesions confirmed by pathological
examination. Follow-up and reexamination of
abnormal cervical liquid-based cytology and
pathological detection by multi-point biopsy
under colposcopy confirmed the presence of
CIN lesions.

Statistical processing

SPSS21.0 statistical software was used to pro-
cess the data. Counted data were recorded as
cases (%) and compared using the x? test.
Measured data were presented as (mean *
SD), and the comparison between groups was
analyzed by the independent samples t-test
while the comparison within the group was per-
formed by paired t test, with P<0.05 as the
level of significance.

Results
Clinical efficacy

The experimental group showed significantly
higher HPV negative conversion rates and LSIL
reversal rates than the control group at 3 and 6
months after treatment (P<0.05). See Table 2.

Negative conversion rates of patients with dif-
ferent types of HPV and transformation zones
(TZs)

In the experimental group, there was no signifi-
cant difference in the HPV negative conversion
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Table 4. LSIL residual/recurrence in patients with different types and transformation zones

Types of HPV infection

Transformation zones

HPV 16/18 type Non-HPV 16/18 type

Completely visible  Partially visible

Control group (n=53) 7(13.2) 8(15.1)
Experimental group (n=62) 3(4.8) 3(4.8)
X/t 0.0191
P 0.8901

11 (20.8) 5(9.4)
1(1.6) 5(8.1)
41021
0.0428

Table 5. LSIL cure rate in different sites

Cervicovaginal

Total cure Cervicovaginal .
region +

case of menstrual abdominal
pain and 1 case of colpitis, with
a total incidence of 4.8%. In the

rate region cervical canal control group, there were 2 ca-
Control group (n=53) 33(62.3) 19(57.6) 14 (42.4) ses of colporrhagia in the month
Experimental group (n=62) 49 (79.0) 25 (51.0) 24 (49.0) after operation, 2 cases of men-

X2/t 3.9271
P 0.0475

strual abdominal pain and 3
cases of colpitis, with a total

rate between HPV 16/18 type and non-HPV
16/18 type patients (P>0.05), but the HPV neg-
ative conversion rate of patients with partially
visible TZs was lower than those with complete-
ly visible TZs (P<0.05). Tables 3 and 4.

LSIL residual/recurrence in patients with dif-
ferent types and TZs

No significant difference was observed in the
LSIL residual/recurrence rate in HPV 16/18
type and non-HPV 16/18 type between the
experimental group and control group (P>0.05),
but a significant difference was present in LSIL
residual/recurrence rate in the different con-
ditions of transformation zones between the
experimental group and the control group (P<
0.05). See Table 4.

Cure rate in patients with lesions at different
sites

A significant difference was observed in the
total cure rate between the control group and
the experimental group 6 months after follow-
up (P<0.05). However, there was no significant
difference between the two groups in terms of
the cure rate of lesions located in cervicovagi-
nal region and cervicovaginal region + cervical
canal (P>0.05). See Table 5.

Incidence of adverse reactions in both groups

In the experimental group, there was 1 case of
colporrhagia in the month after operation, 1
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incidence of 13.2%. The inci-
dence of adverse reactions was
significantly different between the two groups
(P<0.05). See Figure 1.

Incidence of complications in two groups

The total incidence of complications in the
experimental group was significantly lower than
that of the control group (1.6% vs 11.3%,
P<0.05). See Table 6.

Clinical outcomes

There were 6 cases of HPV persistence and 8
cases of LSIL residual/recurrence in the ex-
perimental group, which were significantly less
than those of the control group (13 cases of
HPV persistence and 16 cases of LSIL residual/
recurrence) (all P<0.05). Neither group had any
case of pathological escalation to HSIL. See
Table 7.

Discussion

The common treatment methods for cervical
lesions include cervical LEEP and CKC, as well
as electrocautery, freezing, microwave and la-
ser therapy [24, 25]. However, for young women
with fertility requirements, surgery and inva-
sive physical therapy can easily cause cervical
insufficiency and affect female fertility. ALA-
PDT, on the other hand, is a highly selective
minimally invasive treatment method combin-
ing medicine and machinery, which can effec-
tively prevent the further progression of CIN
and preserve the cervical structure through
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A Control group
Colporrhagia 2

Menstrual abdominal pain: 2

Experimental group

Colporrhagia 1

Menstrual abdominal pain 1

Colipitis 3 Colipitis 1
None 46 None
S e e S s 8 AR S
Number Number
Figure 1. Incidence of adverse reactions in both groups.
Table 6. Incidence of complications in both groups
) Menstrual flow ) Adhesion of Total
Hemorrhage Infection ; Menostaxis . L
obstruction cervical canal incidence

Control group (n=53) 1(1.9) 1(1.9) 2(3.8) 1(1.9) 1(1.9) 6(11.3)
Experimental group (n=62) 0 0 0 1(1.6) 0 1(1.6)
X/t 4.7111
P 0.0300

Table 7. Clinical outcome

plications were better

HPV LSIL residual/

high-grade cervical

in the PDT group. All
these findings are con-

Escalation to

persistence  recurrence intraepithelial neoplasia sistent with previous
Control group (n=53) 13 (24.5) 16 (30.2) 0 (0) research conclusions
Experimental group (n=62) 6(9.7) 8(12.9) 0(0) [29-31]. HPV is an epi-
X/t 4.5691 5.1701 theliophilic virus. After
P 0.0326 0.0230 infecting the cervix, it

non-invasive treatment by laser combined with
photosensitizer [26].

This article mainly discussed the efficacy and
safety of ALA-PDT in HPV-infected CIN. The cer-
vical epithelium is composed of cervical/vagi-
nal squamous epithelium and cervical colum-
nar epithelium, while CIN is confined to the
epithelial tissue above the basement mem-
brane of the cervical epithelium, the thickness
of which is about 2-3 mm [27, 28]. The effec-
tive depth of interaction of PDT is 8 mm, so
PDT can treat CIN. The results of this study
showed that the HPV negative conversion rate
and the LSIL reversal rate in the PDT group
were significantly higher than those of the con-
trol group. In PDT group, the total cure rate
was 79.0%, which were significantly better than
those in the control group (62.3%); Moreover,
the clinical outcome and the incidence of com-
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binds to basal cells,
and the free viral DNA
is often integrated into the host cell genome,
which results in up-regulated protein expres-
sion levels of E6 and E7 with synergistic ef-
fects, thus enabling the cells to acquire greater
proliferation ability and leading to the transfor-
mation of cancerous cells [32]. We believe that
ALA-PDT can eliminate virus infection by killing
proliferating active cells infected with HPV, and
that by inhibiting the expression of E6 and E7,
the host cells cannot provide the conditions
required for the complete life cycle of HPV.
Although the LSIL total cure rate in the experi-
mental group was significantly higher than that
in the control group, there was no significant
difference in the cure rate of different parts,
indicating that ALA-PDT can protect fertility
function without leaving scars, and the cura-
tive effect of different sites was significantly
better than that in the CO, laser therapy group.
ALA-PDT can target the HPV local infection.
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Recent evidence has shown that [33] ALA-PDT
can induce apoptosis of the p13K/Akt path-
way through autophagy, up-regulation of Ras/
Raf/MEK/ERK expression and down-regulation
of Ras/Raf/MEK expression. Exogenous ALA
can be selectively absorbed by hyperprolifera-
tive cells to produce protoporphyrin IX, and
generate reactive oxygen species after illumi-
nation, killing the hyperproliferative cells [34].
After application, the cells infected by HPV
selectively absorb and aggregate; and under
the irradiation of a laser with specific wave-
length, singlet oxygen and other substances
are generated under the action of photodyna-
mic, which leads to damage to mitochondria,
the failure of replication and transcription of
nucleic acids, and the selective apoptosis of
abnormally hyperplastic cells and potentially
infected cells [35], thus reducing the recur-
rence rate.

There are some deficiencies in this study. For
example, the sample size was small, the follow-
up time for curative effect observation was
short, and there is a lack of large sample re-
search on the long-term negative conversion
rate and cancelation rate. It is hoped that a
well-designed, randomized, and controlled trial
with prospective data collection and sample
size calculation could be performed in the
future to confirm the findings in our study. In
conclusion, ALA-PDT can effectively treat HPV-
infected CIN and promote HPV clearance, whi-
ch is a better choice for the treatment of cervi-
cal HPV infection and CIN for women with fertil-
ity needs.

Currently, PDT is widely used not only in derma-
tology, but also in otolaryngology, ophthalmo-
logy, neurology, gastroenterology, urology, and
other medical fields. This study also discussed
the efficacy and safety of PDT in the treatment
of HPV-infected CIN, and determined that ALA-
PDT is safe and effective to treat cervical high-
risk HPV infection, which can improve the ne-
gative conversion rate of high-risk HPV in cervi-
cal epithelial cells and reduce the incidence of
complications.
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