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ABSTRACT
Purpose: Conization for high-grade cervical intraepithelial neoplasia (CIN2–3) often harms obstetric outcomes. Photodynamic 
therapy (PDT) with talaporfin sodium provides a cervix-sparing alternative with short photosensitivity. We investigated the effi-
cacy and safety of talaporfin-PDT for CIN2–3.
Methods: We conducted a prospective, multicenter, single-arm phase II trial (jRCT2041190087) in women ≥ 20 years with 
biopsy-proven CIN2–3. Patients received talaporfin sodium (40 mg/m2) and 664-nm laser irradiation. Efficacy was evaluated by 
cytology/histology from weeks 12 to 24; the primary endpoint was complete response (CR) versus an 85% threshold. Safety, HPV 
status, cervical length, and reproductive outcomes were monitored.
Results: Of 88 enrolled, 79 were treated and 77 (CIN2 = 7; CIN3 = 70; median age 32 years; 93.5% desiring future pregnancy) were 
evaluable. CR was achieved in all 77 (100%; lower 95% CI: 96.2%), including 95.8% in CIN3. High-risk HPV clearance occurred in 
82.4%. One recurrence (1.3%) was observed. No serious adverse events occurred; four grade ≥ 3 events resolved. Cervical length 
was preserved. Eleven pregnancies occurred, yielding eight full-term deliveries.
Conclusions: Talaporfin-PDT showed excellent efficacy, safety, and fertility preservation in CIN2–3, supporting its potential as 
a non-excisional alternative.
Trial Registration: This study was registered in the Japan Registry of Clinical Trials (jRCT) under the identifier jRCT2041190087
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1   |   Background

Cervical cancer is a tumor related to HPV infection, which may 
be eradicated through widespread vaccination and appropriate 
cancer screening and treatment. Although HPV vaccination has 
been conducted in many countries and a gradual decrease in 
the number of cervical cancer cases has been reported [1], cer-
vical cancer remains an important disease that threatens the 
lives of and reproduction of the young generation worldwide. 
Cervical intraepithelial lesions (CIN) include low-grade intraep-
ithelial lesions (LSIL), such as mild squamous dysplasia (CIN1), 
and high-grade intraepithelial lesions (HSIL) such as moderate 
squamous dysplasia; CIN2, severe squamous dysplasia and car-
cinoma in  situ; CIN3. LSIL often resolve spontaneously with-
out intervention and are regularly followed up. On the other 
hand, HSIL require treatment because some may progress to 
advanced cancer.

Conization is a recommended treatment for HSIL because of its 
reliable diagnosis and cure rate. The impact of conization on repro-
ductive and obstetric outcomes is an increased risk of miscarriage, 
preterm delivery, and an increased rate of Cesarean section [2, 3]. 
In developed countries, the number of patients who require treat-
ment for CIN before conception is increasing [4]. A recent study 
from Japan showed a high rate of preterm delivery after conization 
(25.3%) [5]. Preterm delivery leads to a low birth weight, which 
is associated with respiratory and neurological complications, as 
well as long-term sequelae, such as metabolic syndrome and mor-
tality [6, 7]. The cervix must be preserved because the cervical 
length after conization is related to the risk of preterm birth [8–10]. 
Laser vaporization and photodynamic therapy (PDT) are the most 
common methods of treatment. Laser vaporization was previously 
shown to be less effective than conization for CIN3, and PDT for 
CIN was initiated in Japan in 1996 using porfimer sodium, a first-
generation photosensitizing agent, and excimer dye laser with 
good outcomes. However, due to the long excretion time and the 
occurrence of photosensitivity reactions, PDT using porfimer so-
dium for CIN3 was not recommended as a standard treatment. On 
the other hand, talaporfin sodium, a second-generation photosen-
sitizer developed in Japan, is characterized by a short excretion 
time. PDT using talaporfin sodium and a semiconductor laser was 
previously shown to be effective and safe for the treatment of early 
lung cancer [11], recurrent esophageal cancer after chemoradia-
tion therapy, and brain tumors [12, 13], whereas its effects on CIN 
currently remain unknown.

Therefore, we herein conducted a single-arm prospective phase 
II study to examine the efficacy and safety of PDT using talapor-
fin sodium for CIN.

2   |   Methods

2.1   |   Trial Design

This was a prospective, multicenter, non-randomized, 
open-label, single-arm phase II study based at Hamamatsu 
University Hospital (approval no. 710). The study was con-
ducted in accordance with Good Clinical Practice Guidelines 
for Drugs and Medical Devices and the Declaration of Helsinki 
(jRCT2041190087).

The study protocol is shown in Figure 1.

2.1.1   |   Study Population

The number of patients needed to reach a significant difference 
was calculated as 68, and in consideration of a drop-out rate of 
10%, the final number of patients required was 75.

2.2   |   Inclusion Criteria

1.	 Female patients of at least 20 years of age at the time of 
consent.

2.	 Patients diagnosed with CIN2 or CIN3 by cervical cytology 
and punch biopsy under colposcopy.

3.	 Patients not seeking any treatment other than PDT for 
CIN.

4.	 An Eastern Cooperative Oncology Group performance sta-
tus of 0–1

5.	 Patients with all of the following screening test results and 
adequate functions in major organs: white blood cell count 
≥ 3000/mm3, platelet count ≥ 100000/mm3, AST and ALT 
≤ twice the upper institutional limit, serum total bilirubin 
≤ 2.0 mg/dL, and BUN and serum creatinine ≤ 2.0 mg/dL, 
being ≤ 1.5 × the upper limit of the institutional reference 
value.

6.	 Patients who provided their written consent to participate 
in the clinical trial.

2.3   |   Exclusion Criteria

	 1.	 Patients with adenodysplasia, intraepithelial adeno-
carcinoma, squamous cell carcinoma, or other cervical 
malignancies.

	 2.	 Patients with Unsatisfactory Colposcopic Findings (UCF) 
or transformation zone type 3 (TZtype 3) with deep cervi-
cal involvement by colposcopy

	 3.	 Patients with multiple cancers

	 4.	 Patients with poorly controlled cardiac, respiratory, he-
patic, renal, gastrointestinal, hematological, endocrine, 
neurological, or psychiatric diseases

	 5.	 Patients with pre-existing or concomitant photosensitivity

	 6.	 Patients with porphyria

	 7.	 Patients previously treated with PDT using talaporfin so-
dium or porfimer sodium

	 8.	 Pregnant or possibly pregnant women, lactating women, 
and female patients who wished to become pregnant by 
the end of the observation period of this study (maximum 
24 weeks after PDT treatment)

	 9.	 Patients unable to use an adequate method of contracep-
tion or obtain adequate contraceptive consent from the 
time of obtaining consent until the completion of the ob-
servation period of this study
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	10.	 Patients participating in another clinical trial or had com-
pleted participation within at least 3 months.

	11.	 Patients judged by the investigator or subinvestigator to 
be inappropriate for this clinical trial.

2.4   |   Treatment Procedures

2.4.1   |   PDT Treatment

The PDT procedure consisted of the intravenous administration of 
40 mg/m2 of talaporfin sodium and laser irradiation with a 664 nm 
semiconductor laser 4–6 h after drug administration. The distance 
between the lesion and probe tip was maintained so that the area 
treated by single laser irradiation of the vaginal lesion was 20 mm 
in diameter. Regarding uterovaginal lesions, lesion extent was de-
lineated by colposcopy. Laser irradiation was delivered in one or 
more passes to ensure complete coverage of the lesion, including 
several millimeters of the adjacent normal epithelium beyond the 
lesion margins (Figure 2A), as recommended in previous PDT pro-
tocols for CIN [14]. Figure 2B–F presents a representative course of 

treatment. Laser irradiation of the cervix was performed to a depth 
of 20 mm from the external uterine opening. In both uterovaginal 
and intracervical laser irradiation, irradiation power density was 
150 mW/cm2 and irradiation energy density was 100 J/cm2.

2.4.2   |   Clinical Examination Items

Samples were collected as part of the safety evaluation before 
treatment, 3 days after treatment, and weekly until 4 weeks after 
treatment. The following laboratory parameters were examined: 
the red blood cell count, hemoglobin, white blood cell count, white 
blood cell fraction, platelet count, PT-INR, total protein, albumin, 
total bilirubin, AST, ALT, γ-GTP, ALP, LDH, BUN, creatinine, Na, 
K, Cl, CRP, Ca, urine protein, urine sugar, and urine urobilinogen.

2.4.3   |   Toxicity Assessment

Regarding safety, adverse events were defined as new events 
that occurred between the administration of the study drug 

FIGURE 1    |    Overview of the protocol. This diagram shows the sequence of study procedures: Eligibility assessment, intervention implementation, 
and follow-up visits. Assessment timelines for clinical and laboratory outcomes and an efficacy evaluation are shown.

FIGURE 2    |    Representative treatment course of CIN3 lesion treated with talaporfin-PDT. (A) After talaporfin sodium administration, six laser 
illuminations were delivered to cover the entire lesion (yellow circle). (B–F) Cervical findings before talaporfin-PDT (B) and at 1 (C), 2 (D), 4 (E), and 
12 (F) weeks after treatment.
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and 4 weeks after PDT (treatment period). Adverse events were 
graded for severity according to CTCAE ver. 5.0. All serious 
adverse events were immediately reported to the Efficacy and 
Safety Committee for evaluation.

2.4.4   |   Follow-Up and Evaluation

All patients were kept out of direct sunlight from the time of 
drug administration and remained in rooms and areas of the 
facility with light levels < 500 Lux for at least 2 weeks. They 
were then discharged. Patients were evaluated weekly by a 
physical examination, the measurement of hematological and 
biochemical variables in blood, and a post-treatment follow-up 
by colposcopy until 28 days after PDT. Eight weeks after the 
PDT treatment, colposcopy and a physical examination were 
performed to confirm the absence of uterine orifice closure or 
stricture. Cervical cytology and histology were used to assess 
treatment efficacy every 4 weeks from 12 to 24 weeks after treat-
ment. The treatment response assessment was repeated until 
a treatment response was confirmed, the observation period 
was terminated, and patients were followed up when CR was 
confirmed or when residual lesions were detected at 24 weeks. 
Cervical length and HPV tests were performed at 12 weeks and 
at the time of the treatment response assessment, and the results 
obtained were compared with those at the time of enrollment. 
The follow-up with cervical cytology and colposcopy was con-
ducted every 12 weeks during the follow-up period. Pregnancy 
was allowed 24 weeks post-treatment in patients with a desire to 
have a baby. The minimum follow-up period was 56 weeks after 
treatment, and every 12 weeks after 56 weeks until the end of the 
study period.

2.4.5   |   Efficacy Assessment Procedure

Patients underwent cervical cytology, cervical histology, and 
colposcopic imaging every 4 weeks from 12 weeks after treat-
ment until treatment efficacy was confirmed. Patients were 
classified into four groups based on the findings of cervical 
cytology and colposcopy: a complete response (CR), progres-
sive disease (PD), non-CR/non-PD, and not evaluable (NE). 
Criteria for CR were based on the algorithm for negative 
findings in both cervical cytology and histology (Table  S1). 
Cervical cytology with NILM, ASC-US, or LSIL was consid-
ered to be negative. No abnormal findings (NAF) or LSIL were 
considered to be negative in cervical histology. CR was defined 
as the absence of HSIL (CIN2–3) on follow-up histopathology 
and was often used to assess the efficacy of laser vaporization 
[15, 16]. Cytologic findings of ASC-US or LSIL, which are gen-
erally managed with surveillance rather than treatment, were 
therefore classified as CR in this study. When cytology and 
histology were both negative, the overall diagnosis was CR. If 
cervical cytology or histology showed worsening of the lesion 
from that before treatment with the study drug, the patient 
was considered to have PD. Patients were classified as NE if 
it was not possible to have a pathological examination for any 
reason. Pre- and post-treatment colposcopy and pathology de-
cisions were made by one pathologist at a central pathology 
center independent of the four centers where this study was 
conducted, and the diagnosis of all specimens was confirmed 

by one pathologist. In addition, the overall pre- and post-
treatment evaluation, including the validity of colposcopy 
images and biopsy sites at the time of both the pre-treatment 
diagnosis and treatment efficacy assessment and the results of 
the central pathology assessment, was performed for all cases 
by an independent central determination committee consist-
ing of two experienced gynecological oncologists. The final 
pre-treatment diagnosis and efficacy results were selected by 
this committee.

2.5   |   Endpoint

2.5.1   |   Efficacy

Primary endpoint: The CR to pretreatment lesion ratio.

Secondary endpoints: The HPV-negative rate, recurrence rate 
and duration of recurrence, and the rate of preterm births among 
deliveries during the follow-up period.

2.5.2   |   Safety Assessment

The incidence of adverse events, laboratory test results, and skin 
photosensitivity test results.

2.6   |   Statistical Analysis

In the present study, the threshold for the CR rate was set at 85%, 
using the 84.8% negative resection margin rate for conical resec-
tion for CIN3 as an external control, based on a 2018 study show-
ing the findings of a nationwide survey in Japan [17]. Frequency 
summaries of the best response to treatment were performed for 
the CR rate and its 95% confidence interval (Clopper-Pearson 
exact confidence interval). Regarding the primary endpoint of 
the CR rate, treatment was considered to be effective if the lower 
limit of the 95% confidence interval exceeded the 85% threshold 
in CIN3 cases. The Kaplan–Meier method was used to calculate 
appropriate summary statistics, such as the annual percentage 
and median, for overall survival (OS) and the duration of recur-
rence. The preterm birth rate was calculated as the 95% confi-
dence interval for the percentage of cases delivered preterm at 
< 37 weeks using the denominator of cases that were conceived 
and delivered during the follow-up period. Changes in cervical 
length were compared based on transvaginal ultrasound mea-
surements by a paired-t test before and after PDT. All authors 
had access to the study data and reviewed and approved the 
final manuscript.

3   |   Results

3.1   |   Patients

Consent was obtained for 88 patients at four centers between 
February 2020 and February 2023, and 79 patients who met the 
inclusion criteria received PDT. Seventy-seven patients (CIN2: 7, 
CIN3: 70), except for 2 who were excluded from the analysis by 
the Central Judgment Committee due to “UCF by colposcopy” 
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and “concurrent intraepithelial adenocarcinoma,” were included 
in the efficacy analysis population (Figure 3), while the safety 
analysis population included all 79 patients who received PDT.

The characteristics of the study population are shown in Table 1. 
Median age at consent was 32.0 years (range 24–63 years) for 
77 patients; 23 (29.9%) were in their 20s, and 48 (62.3%) were 
in their 30s. Sixty-three women (81.8%) had zero deliveries, 
14 (18.2%) had one or more deliveries, and 72 (93.5%) wanted 
to have a baby. Three patients had received treatment prior to 
study participation: one by endocervical conization and two by 
laser transpiration. Five (7.1%) of the 77 patients had a history of 
HPV vaccination. There were 74 pre-treatment high-risk HPV-
positive cases (96.1%).

3.2   |   Efficacy

All 77 patients achieved CR by the time of the efficacy evalu-
ation, and the lower limit of the 95% confidence interval was 
96.2% (95.8% for CIN3 only). The results of the pathological di-
agnosis at the time of CR were negative in both cytology and 
histology for 71 patients (92.2%). In the CIN3 group (n = 70), the 
histology of ASC-US (n = 4, 5.7%) was identified as NAF (n = 3, 
4.3%) and CIN1 (n = 1, 1.4%). Of the 2 patients with LSIL (2.9%), 
1 had NAF and the other had CIN1 (1.4% each) (Table 2).

Of the 74 patients who were positive for high-risk HPV before 
treatment, 61 (82.4%) were negative at the time of the treatment 

response assessment; 55 (82.1%) of 67 HPV-positive patients in 
the CIN3 group and 6 (85.7%) of 7 HPV-positive patients in the 
CIN2 group were negative (Table  S2). The percentage of pre-
treatment HPV types, including duplicates, was the highest for 
type 16 (41.6%) in 32 patients, with 35.1% for type 52, 19.5% for 
type 58, 16.9% for type 31, and 11.7% for type 18.

CIN3 recurrence was observed in one patient (1.3%) after they 
were transferred to the follow-up period; it was detected 204 days 
after the PDT treatment, was considered to be recurrence, 
and conization was performed. None of the other 76 patients 
had recurrence during the follow-up period of 384–1083 days. 
Furthermore, no patient died within the study period, and the 
OS rate was 100%.

During the follow-up, 11 patients (14.3%) became pregnant, 8 
had full-term deliveries by the endpoint, and four were diag-
nosed with impending preterm labor and were treated with oral 
medication. The median length of the cervix was 31.6 mm before 
treatment and 32.8 mm at the time of the treatment effect assess-
ment (p < 0.01), indicating no shortening of the cervix and an 
increased likelihood of elongation (Figure 4).

FIGURE 3    |    Flow chart of participants. The diagram outlines the se-
lection of participants, including initial enrollment and reasons for ex-
clusion. The final sample size for the safety evaluation (n = 79) and full 
analysis (n = 77) are indicated.

TABLE 1    |    Characteristics of patients.

CIN3 CIN2 Total

Number of patients 70 7 77

Age

20 ~ 29 years 20 (28.6) 3 (42.9) 23 (29.9)

30 ~ 39 years 44 (62.9) 4 (57.1) 48 (62.3)

40 ~ 49 years 5 (7.1) 0 (0.0) 5 (6.5)

50 ~ 59 years 0 (0.0) 0 (0.0) 0 (0.0)

≦ 60 years 1 (1.4) 0 (0.0) 1 (1.3)

Parity

0 57 (81.4) 6 (85.7) 63 (81.8)

1 and more 13 (18.6) 1 (14.3) 14 (18.2)

Previous treatment

Conization 1 (1.4) 0 (0.0) 1 (1.3)

Laser vaporization 2 (2.9) 0 (0.0) 2 (2.6)

HPV vaccination 4 (5.7) 1 (14.3) 5 (6.5)

Cervical cytology

ASC-H 5 (7.1) 3 (42.9) 8 (10.4)

HSIL 65 (92.9) 4 (57.1) 69 (89.6)

HR-HPV detection

Positive 67 (95.7) 7 (100.0) 74 (96.1)

Negative 3 (4.3) 0 (0.0) 3 (3.9)

Note: Variables are represented as n (%).
Abbreviations: ASC-H, atypical squamous cells cannot exclude high-grade 
squamous intraepithelial lesion; HPV, human papillomavirus; HR-HPV, high 
risk human papillomavirus; HSIL, high-grade squamous intraepithelial lesion.
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3.3   |   Adverse Events

Common adverse events that occurred in more than 10% of pa-
tients in this clinical study are shown in Table 3. Grade 3 or 
higher adverse events occurred in four patients, and all recov-
ered during the follow-up period. Two of the Grade 3 or higher 
adverse events, namely, elevated ALT in one case and elevated 
γ-GTP in the other, were causally related to the treatment.

In the 79 patients treated with the drug, there were 400 adverse 
events of any cause, of which 194 occurred in 72 patients (91.1%) 
and were causally related to PDT. There were no serious adverse 
events or adverse events leading to death.

The most common adverse event with a causal relationship to 
talaporfin sodium PDT was lower abdominal pain in 68 patients 
(86.1%), 64 (94.1%) of whom with Grade 2 pain were treated with 
some form of analgesia. The second most common adverse event 
was hypoalbuminemia in 52 patients (65.8%), all of whom were 
Grade 1 and resolved spontaneously.

4   |   Discussion

In the present study, 70 patients were treated with talaporfin 
sodium PDT for CIN3. The CR rate was 100%, and the lower 
limit of the 95% confidence interval was 95.8%, exceeding the 
threshold value of 85%. Among the 8 patients that progressed to 
delivery during the follow-up period after CR confirmation, no 
preterm births were observed. In addition, there were no serious 
adverse events. Although there were four Grade 3 or higher ad-
verse events, all patients showed improvement, suggesting the 
safety of this treatment.

The CR rate for talaporfin sodium PDT was 100%. Among CR 
cases, those diagnosed as LSIL at the time of the treatment effi-
cacy assessment became negative during the follow-up period. 
This result was superior to the 82.9% CR rate achieved with tal-
aporfin sodium PDT for lung squamous cell carcinoma [11]. CR 
rates by PDT using various photosensitizers for CIN in previ-
ous studies were as follows: porfimer sodium PDT, 90%–100% 
[18, 19]; 5-ALA PDT, 31.3%–98.2% [20–22]; Hexaminolevulinate 
PDT, 62.5% [22]; Methylaminolevulinate PDT, 90% [23]; 
Photolon PDT, 92.9% [24]. Although different photosensitizers 
were utilized, the PDT cure rate was similar to the negative mar-
gin rate of 84.8% [17] achieved with cone biopsy. Among these 
photosensitizers, Photolon possesses a chlorin ring, similar to 
talaporfin sodium. Efficacy in the present study was equal to or 
greater than that of Photolon, suggesting that talaporfin sodium 
PDT is effective for the treatment of CIN.

Laser vaporization is a cervix-preserving treatment for CIN with 
established efficacy. In cohorts monitored with scheduled his-
topathologic follow-up, Suzuki et  al. reported recurrence rates 
of 3.5% at 1 year and 5.2% at 2 years [16], whereas Shimada et al. 
reported 5.1% at 1 year, 6.4% at 2 years, and 9.5% at 5 years [15]. 
Recurrence was defined as detection of HSIL or worse on fol-
low-up pathology, with the definition used in this study. For CIN3, 
one-year CR rates estimated from recurrence ranged from 77.4% to 

TABLE 2    |    Results of pathological diagnosis when determining CR.

Cytology Histology Comprehensive diagnosis CIN3 CIN2 Total

NILM NAF Negative 64 (91.4) 7 (100.0) 71 (92.2)

ASC-US NAF LSIL 3 (4.3) 0 (0.0) 3 (3.9)

CIN1 LSIL 1 (1.4) 0 (0.0) 1 (1.3)

LSIL NAF LSIL 1 (1.4) 0 (0.0) 1 (1.3)

CIN1 LSIL 1 (1.4) 0 (0.0) 1 (1.3)

Note: Variables are represented as n (%).
Abbreviations: ASC-US, atypical squamous cells of undetermined significance; CIN; cervical intraepithelial neoplasia; CR, complete response; LSIL, low-grade 
squamous intraepithelial lesion; NAF, no abnormal findings; NILM, negative for intraepithelial lesion or malignancy.

FIGURE 4    |    Comparison of cervical lengths before and after PDT. 
Cervical lengths (mm) were compared before and after PDT by a paired 
t-test.
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96.5% across reports [25]. In the present study, talaporfin sodium 
PDT achieved a CR of 100%, with a recurrence rate of 1.4% at a 
median follow-up of 1.5 years, indicating efficacy comparable to or 
possibly exceeding that of laser vaporization.

Furthermore, although talaporfin sodium PDT had a protocol-
dependent 2-week hospital stay, the average hospital stay for 
esophageal cancer and brain tumors is 7–10 days. Post-discharge 
lifestyle guidance, such as light shielding, will reduce the length 
of hospitalization further. Since the average hospital stay for 
porfimer sodium is 3–4 weeks, talaporfin sodium PDT is useful 
from a medical economic standpoint.

The HPV-negative conversion rate with talaporfin sodium PDT 
was 82.4%. Reported HPV-negative conversion rates for PDT with 
various agents were as follows: porfimer sodium PDT, 73%–80.6% 
[18, 19]; 5-ALA PDT, 83.9%–90.9% [21, 26]; Hexaminolevulinate 
PDT, 62.5% [27]; Photolon PDT, 53.4% [24]. The present study con-
firmed a high HPV-negative rate, which may have contributed to 
the low recurrence rate of 1.4% during the follow-up period. There 
was only one case of recurrence, and that patient had persistent 
HPV 68 infection after PDT treatment. Persistent HPV infection 
is a well-established risk factor for recurrence, even after cervi-
cal conization. In this study, 17.6% of patients had persistent HPV 
after PDT; these patients are undergoing long-term follow-up, and 
long-term outcomes will be reported in the future. PDT has been 
reported to exert an immunostimulatory effect [28], and the high 
HPV-negative rate in the present study may be a secondary effect 
of PDT, which is not observed with conization.

There were 11 pregnancies during the follow-up in the pres-
ent study, and all 8 deliveries were full-term births. The rate of 

preterm delivery in pregnancies after conization is elevated and 
has been an issue in the standard treatment of CIN cases of re-
productive age. In this study, we confirmed a change in cervical 
length before and after PDT and found no shortening of the cer-
vical canal. A significant increase in cervical length was detected 
after PDT; however, the magnitude of the increase was small 
(31.6 vs. 32.8 mm) and, thus, was not considered to be clinically 
significant. Although there were only 8 deliveries in the present 
study, all were full-term, suggesting that PDT reduced the ad-
verse event of preterm delivery. Conization causes shortening of 
cervical length which is directly related to preterm delivery. On 
the other hand, this PDT does not shorten the cervical canal and, 
thus, may reduce preterm prematurity in CIN3 patients more 
than standard treatment. This PDT may provide a new treatment 
option for women with CIN3 who wish to have a baby.

There are several limitations that need to be addressed. This 
was a single-arm study and was not a comparison of efficacy 
with conization, the standard of care. Therefore, the Ethics 
Committee pointed out that since PDT is a treatment for cervical 
preservation, it was not ethical to conduct a randomized trial on 
PDT versus conization, which increases the rate of preterm deliv-
ery. Based on this decision, the present study was performed as 
a single-arm trial using external subjects to confirm the efficacy 
of the procedure, for which a large study population is required. 
Furthermore, the minimum follow-up period in this study was 
56 weeks after treatment, which may have been too short because 
CIN3 has been shown to recur a long period of time after treat-
ment. Therefore, the short follow-up period of 54–154 weeks in 
the present study may also be an issue. In addition, the number of 
deliveries during the follow-up period was small (n = 8). Although 
this was not a sufficient number of cases to evaluate the preterm 

TABLE 3    |    Major adverse events by PDT.

Total Grade 1 Grade 2 Grade 3

Lower abdominal pain 68 (88.3) 4 (5.2) 64 (83.1) 0 (0.0)

Hypoalbuminemia 52 (67.5) 52 (67.5) 0 (0.0) 0 (0.0)

Blood cell disorders

Anemia 15 (19.5) 13 (16.9) 2 (2.6) 0 (0.0)

Neutropenia 1 (1.3) 0 (0.0) 0 (0.0) 1 (1.3)

Dysmenorrhea 14 (18.2) 1 (1.3) 13 (16.9) 0 (0.0)

Clinical examination

Increased γGTP 13 (16.9) 8 (10.4) 4 (5.2) 1 (1.3)

ALT increase 8 (10.1) 5 (6.5) 2 (2.6) 1 (1.3)

Insomnia 13 (16.9) 2 (2.6) 11 (14.3) 0 (0.0)

Photosensitivity 13 (16.9) 13 (16.9) 0 (0.0) 0 (0.0)

Fever 12 (15.6) 11 (14.3) 1 (1.3) 0 (0.0)

Headache 11 (14.3) 7 (9.1) 4 (5.2) 0 (0.0)

Proteinuria 10 (13.0) 8 (10.4) 2 (2.6) 0 (0.0)

Nausea 10 (13.0) 8 (10.4) 2 (2.6) 0 (0.0)

Diarrhea 10 (13.0) 9 (11.7) 0 (0.0) 1 (1.3)

Note: Only adverse events with a frequency of 10% or greater are listed among all patients (n = 77). Variables are represented as n (%). Grade 4–5 was not observed.
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delivery rate, the long follow-up period needed to obtain a suffi-
cient number of cases was not available during the present study 
to examine efficacy and safety. However, no shortening in cervi-
cal length was observed. The high risk of preterm birth has been 
related to cervical shortening. Therefore, the result showing no 
shortening strongly supports the potential for reducing the risk 
of preterm birth. We will continue to follow the patients in this 
study and accumulate more data.

5   |   Conclusions

PDT using talaporfin sodium and a semiconductor laser 
achieved a high cure rate and HPV negativity for CIN. No se-
rious adverse events or shortening of the cervical length were 
observed, suggesting the potential of PDT to prevent preterm de-
livery. These results indicate that PDT is an effective treatment 
option for CIN patients who wish to have a baby.
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