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Background: Photodynamic therapy (PDT) is an effective endoscopic therapy indicated for early
esophageal cancer, but there have been few reports of PDT for circumferential lesions so far. The objective
of this study is to investigate the clinical outcome of PDT for patients with whole-circumferential early
esophageal squamous cell carcinoma (ESCC), especially the subsequent process of esophageal stricture.
Methods: Twelve patients with whole-circumferential early ESCC, who received PDT between January
2020 and July 2022 at the First Affiliated Hospital with Nanjing Medical University were retrospectively
evaluated. An analysis for comparisons between the results of PDT and contemporaneous endoscopic
submucosal dissection (ESD) for similar esophageal lesions was conducted.

Results: The complete response (CR) rate was 83.33% after PDT treatment for a median tumor length
of 9.5 cm. A longer tumor length (>10 cm) was the risk factor of PDT failure (P=0.045). Compared to the
ESD group, the procedure was significantly shorter for PDT, and postoperative fever and bleeding seemed
to occur less. Without prophylactic measures, the esophageal stricture rate was 80% after PDT, which
was close to that in the ESD group with steroid administration (76.9%, P>0.99). The mean onset time of
obvious dysphagia was 7.63+4.34 and 4.29+2.49 weeks respectively after PDT and ESD (P=0.02). The post-
PDT esophageal strictures were easily resolved with a simpler dilation modality and the estimated dysphagia
duration tended to be shorter than that after ESD (12.72+3.04 vs. 23.69+3.24 months, P=0.08). Nevertheless,
chest pain appeared more frequently in PDT than that in ESD.

Conclusions: PDT can be expected to be an effective and safe endoscopic modality for long-segment and
whole-circumferential early ESCC.
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Introduction

Esophageal cancer is one of the most common malignant
neoplasms in the world, ranking seventh in terms of
incidence and sixth in mortality overall (1). Earlier detection
of esophageal cancer and better utilization of therapeutic
modalities are important to improve patients’ long-term
survival and quality of life (QOL) (2). As gastroenterologists,
we focus on the endoscopic management of early esophageal
cancer, defined as cancer limited to the mucosa and
submucosa without lymph node metastasis. The endoscopic
therapies for early esophageal cancer include endoscopic
resection (ER), photodynamic therapy (PDT) and
cryotherapy thermal ablation (3).

Nowadays, endoscopic submucosal dissection (ESD)
is widely accepted as a standard treatment for early
esophageal cancer (4-7). However, lesions involving the
whole circumference of the esophagus, especially those with
a major axis length over 5 c¢cm, come into a dilemma due

Highlight box

Key findings

* Photodynamic therapy (PDT) is effective and safe for long-
segment and whole-circumferential early esophageal squamous cell
carcinoma (ESCC).

* A longer tumor length (>10 cm) is identified as a risk factor of
PDT failure for whole-circumferential early ESCC.

* For patients with whole-circumferential early ESCC, the
subsequent esophageal stricture after PD'T treatment seemed to be
easier to resolve than that after endoscopic submucosal dissection
(ESD) treatment, yielding a shorter dysphagia duration.

What is known and what is new?

e ESD is widely accepted as a standard treatment for early
esophageal cancer given the low risk of lymph node metastasis.
However, circumferential resections are typically concerned
or even avoided because of the high risk of persistent stricture
formation, especially when the lesion’s length was over 5 cm.

e PDT may be considered as a promising therapeutic modality
for long-segment and whole-circumferential early ESCC,
which presents advantages in the occurrence and control of the
subsequent esophageal stricture over ESD.

What is the implication, and what should change now?

* The findings in our study may bring more attention to clinical
application of PDT and more exploration of the related clinical
efficacy for early esophageal cancer. If carefully excluding metastasis,
PDT could be used as an alternative to surgery in patients with
whole-circumferential early esophageal cancer, especially for the
elderly or those with many comorbidities. Prospective and large-
scale multicenter studies are expected in the future.
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to intractable esophageal stricture (7). Esophagectomy has
been recommended as the mainstay of curative treatment
for such extensive early esophageal cancer or salvage
treatment for post-ESD refractory esophageal stricture
(4,8,9). PDT is the combination treatment involving a
photosensitizing agent (photosensitizer) with an affinity
for tumors and a photodynamic reaction subsequently
triggered by laser light in the presence of oxygen (10). PDT
is currently more frequently used as a palliative treatment
in advanced esophageal cancers and a salvage treatment
for local failure following chemoradiotherapy (CRT) or
radiotherapy (RT) (10-13). Local complete response (CR)
has been reported even in considerable cases with invasion
of muscularis propria (3,10). PDT is also indicated for
curative therapy for dysplastic Barrett’s esophagus and
early esophageal cancer (10,11). However, with the rapid
development of ESD, PDT has somewhat lost favor in
choice for early esophageal cancer over the last few years.
PDT treatment for whole-circumferential early esophageal
cancer has been rarely reported. We therefore intended
to investigate the efficacy and complications of PDT for
the whole-circumferential early esophageal squamous cell
carcinoma (ESCC). We present this article in accordance
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-2024-1967/rc).

Methods
Patients

We reviewed patients with the whole-circumferential early
ESCC who received PDT between January 2020 and July
2022 at the First Affiliated Hospital with Nanjing Medical
University. All the participants should be prospectively
followed up for more than one year. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the ethics
committee of the First Affiliated Hospital with Nanjing
Medical University (No. 2021-SR-274) and individual
consent for this retrospective analysis was waived.

Patients in our study should be preoperatively diagnosed
as early ESCC limited to the mucosa or upper third of
submucosa (<200 pm) without lymph node metastases.
Before PDT, computed tomography (CT) was performed
to exclude the presence of nodal or distant metastasis. The
tumor depth was evaluated by two independent experienced
gastroenterologists according to the combination of the
macroscopic morphology under white-light imaging (WLI),
the morphological characteristics of intrapapillary capillary
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Figure 1 PDT for an 82-year-old patient with whole-circumferential early ESCC. (A) 0-IIb lesion with a regular surface under WLIL; (B)
brownish area under NBI; (C) IPCL shown by magnifying endoscopy with NBI, AVA-small appearance; (D) tumor echo under EUS; (E)
whole-circumferential lesion of Lugol staining; (F) boundary demarcated by APC; (G,H) the marginal and targeted lesion on the second

day after PDT. APC, argon plasma coagulation; AVA, avascular area; EUS, endoscopic ultrasonography; ESCC, esophageal squamous cell

carcinoma; IPCL, intrapapillary capillary loops; NBI, narrow band imaging; PDT, photodynamic therapy; WLI, white-light imaging.

loops (IPCL) showed by magnifying endoscopy with narrow
band imaging (NBI), the “tatami” sign after Lugol staining
or the tumor echo under endoscopic ultrasonography (EUS)
(7,14-16). WLI was initially used to evaluate findings such
as surface irregularity and thickness. Lesions with an almost
flat or slightly uneven surface (<1 mm) are considered to be
no more than upper third of submucosa (SM1). Such flat
type could be classified according to the Paris Workshop
guidelines (types 0-IIa, IIb, IIc). When magnifying
endoscopy is used, the invasion depth is diagnosed based
on the Japan Esophageal Society (JES) classification (16). If
the entire lesion is composed of type Bl vessels or avascular
area (AVA)-small, the lesion is diagnosed as epithelial (EP)/
lamina propria mucosa (LPM); if type B2 vessels or AVA-
middle are observed, the lesion is diagnosed as muscularis
mucosa (MM)/SM1; and if type B3 vessels or AVA-large are
observed, the lesion is diagnosed as cancer invading >200
pm into the submucosa. In addition, “tatami” sign could
be used to differentiate LPM and MM. In our study, the
preoperative diagnosis of the invasion depth was divided into
two categories: T1a-EP/LPM and T1a-MM/T1b-SM1. Take
Figure I as an example; the patient was diagnosed as T'1a-EP/
LPM. Moreover, tumor length was recorded simultaneously.
All the patients should meet the above diagnostic criteria
of early esophageal cancer and have no intention for initial

© AME Publishing Company.

ESD, surgery, chemotherapy, or radiation. We then excluded
patients that didn’t regularly receive gastroscopy and chest
CT after PDT or lost follow-up.

As a reference or control group, we simultaneously
included the contemporaneous patients with early
ESCC using whole-circumferential ESD in the hope of
exploring the curative resection rate and the concomitant
complications, especially the post-ESD esophageal stricture.

PDT procedure

Hematoporphyrin derivative (commodity name: Hipofin)
was administrated at a dose of 2 or 2.5 mg/kg. Then PDT
was performed 40-48 hours later. The boundaries of the
targeted lesion were firstly demarcated by argon plasma
coagulation (APC) (ERBE, Tuebingen, Germany), and
consecutively the laser light at 635 nm wavelength (GYS-
PST-82000, Guoyi Huake, Tianjin, China) was delivered
circumferentially via a cylindrical optical fiber through
gastroscope (GIF-H260], GIF-H260Z, GIF-Q260], GIF-
Q260Z, GIF-HQ290, GIF-H290Z, Olympus Co. Ltd.,
"Tokyo, Japan). Multiple treatment fields were overlapped to
cover the lesion according to its size and then got irradiated
in succession. During the PDT procedure, the recorded
fluence rate of the laser light was set to 200-500 mW/cm
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at a light dose of 150-300 J/cm of tumor area. On the
following day, the gastroscopic observation was performed
to partially remove the necrosis and further check
for residual lesions (Figure I). If a residual lesion was
found, additional laser irradiation was warranted. All the
participants were advised to receive a follow-up gastroscopy
examination for response evaluation after 2-3 months. If
not cured, they would be recommended for a second course
of PDT treatment (Figure S1).

ESD procedure

Firstly, lesions should be evaluated by magnifying
endoscopy with NBI, and then the boundaries of the lesion
should be demarcated by Lugol staining. Multiple spots
were marked at 3-5 mm away from the margin of the
lesion by using DualKnife (KD-650Q; Olympus, Japan)
to ensure a clear safety margin. Then, normal saline plus
indigo-carmine with 0.0025% epinephrine was injected
into the submucosa using a 23-gauge disposable injector to
raise the lesion. A circumferential incision and subsequent
submucosal dissection were conducted with the DualKnife
(KD-650Q; Olympus, Japan). Finally, hemostatic forceps
(FD-410LR; Olympus, Japan) was used in a soft coagulation
mode (60-80 W output) to control bleeding.

Evaluation

The criteria for CR were as follows: (I) disappearance of
PDT-induced ulcer and scar formation was confirmed;
(II) no residual tumor was observed; (III) disappearance
of cancer cells was assessed histologically by biopsy and
chromoendoscopy (Lugol staining or NBI) could be an
auxiliary method to evaluate CR (7,16).

Dysphagia manifested as the disability to swallow
caused by esophageal stricture. The Stooler’s dysphagia
score was used to classify the severity, as follows: 0, able
to eat a normal diet; 1, able to eat some solid food; 2,
able to eat semi-solid food only; 3, able to swallow liquids
only; and 4, unable to swallow anything. We regarded the
remission criteria of esophageal stricture as the dysphagia
score descending to grade 0 to 1 with gastroscopy could
pass through for reexamination, and without relapse of
dysphagia being observed for another 8 weeks.

Follow-up

The initial follow-up endoscopy was recommended for
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efficacy evaluation after 2-3 months. If cured, patients would
be suggested to regularly receive endoscopic observations
and chest CT every 6 months in the first year and then yearly
afterward. Targeted biopsy should be obtained iz sifu or with
the guidance of chromoendoscopy (Lugol staining or NBI).
Lugol-voiding lesions (LVLs) would be paid more attention
in the follow-up period. The following endoscopic interval
may be changed according to both the degree of LVLs and
the targeted pathology. In cases of stenosis, Lugol staining
may be avoided immediately after dilation, but NBI would
be used as an auxiliary method to evaluate metachronous
recurrence instead. Lugol staining would be recommended
2-3 months later. Through electronic medical records and
multiple telephone follow-up survey, the short-term and
long-term adverse events caused by endoscopic treatment
were documented. Furthermore, we paid special attention to
the occurrence of esophageal stricture. The patients would be
informed of possible complication and resolvent of dysphagia
or esophageal stricture before endoscopic treatment. And
they were further reminded to pay attention to diet and seek
medical help immediately in case of dysphagia serious. If
the patient visits or contacts us, a priority to admission for
required treatment would be provided. Finally, therapeutic
modality of esophageal stricture, the time when dysphagia
initially appeared and finally got alleviated, the first time
and frequency of endoscopic dilation, and the change of
dysphagia scores would be recorded.

Statistical analysis

The statistical analysis was conducted using SPSS version
25.0 for Windows. Continuous data were presented as
the mean = standard deviation (SD) and analyzed by the
unpaired #-test or rank sum test. Categorical variables were
expressed as proportion (%) and analyzed by the Fisher’s
exact test. The difference of post-endoscopic esophageal
stricture duration between the PDT and ESD groups was
compared by Kaplan-Meier method. A two-tailed P<0.05
was considered to be statistically significant.

Results
Patient’s characteristics and response rate

We successfully included 12 patients with the whole-
circumferential early ESCC who received PDT. The
clinicopathological features of these patients are
summarized in Table 1. The pre-PDT biopsy histopathology
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Table 1 Patients with whole-circumferential early ESCC by PDT
treatment (N=12)

Yuan et al. PDT for early esophageal cancer

Table 2 Patients with whole-circumferential early ESCC by ESD
treatment

Characteristics N CR P value Outcome of ESD Data (N=60)
Sex Non-curative resection 13 (21.67)
Male 6 5(83.33) >0.99 Non-curative factor
Female 6 5(83.33) Deep submucosal infiltration 9
Age (years) Lymphovascular invasion 1
45-64 1 1(100) >0.99 Both of above 3
265 11 9(81.82) Curative resection 47 (78.33)
Past medical history Stenosis intervention
Yes 11 9 (81.82) >0.99 None g
None ! 1(100) Oral glucocorticoids 14
Ti length
umor length (cm) Drug injection 8
<10 9 9 (100) 0.045* ,
Automucosal transplantation 3
>10 3 1(33.33)
Incision of annular muscle 10
Macroscopic type
Unknown 4
Flat 10 9 (90) 0.32
Data are presented as n, or n (%). ESCC, esophageal squamous
Flat + elevated 2 1(50) cell carcinoma; ESD, endoscopic submucosal dissection.
Pre-PDT diagnosis of depth
T1a-EP/LPM 8 7 (87.5) >0.99 .
segment lesions more than 10 cm and half of the T'1a-MM/
T1a-MM/T1b-SM1 4 3(9) T1b-SM1 lesions were treated with two courses. Finally, all
PDT courses per patient the patients received more than once reexamination of chest
1 8 8 (100) 0.09 CT and gastroscopy in the follow-up period. A proportion
° 4 2 (50) of 83.33% of patients were evaluated as CR after a median

Data are presented as n (%). *, the result was statistically
significant. CR, complete regression; EP, epithelial; ESCC,
esophageal squamous cell carcinoma; LPM, lamina propria
mucosa; MM, muscularis mucosa; PDT, photodynamic therapy;
T1a, intramucosal carcinoma; T1b-SM1, invasive carcinoma into
the submucosa no more than 200 pm.

of all the patients were squamous epithelium high-grade
intraepithelial neoplasia or carcinosis iz situ. There are
6 men and 6 women, with a median age of 72 years old
[interquartile range (IQR), 57-84 years] at the beginning
of the follow-up period. Among all, 11 of 12 patients
were accompanied with past medical history, including
hypertension, diabetes mellitus, atrial fibrillation, liver
cirrhosis, postgastrectomy, rheumatoid arthritis, splenic
artery aneurysm and chronic cardiac or renal insufficiency.
In addition, two patients had a prior history of ESD. The
median tumor length was 9.5 cm (IQR, 3-18 cm). All cases
except one had long-segment lesions (>5 cm). All the long-

© AME Publishing Company.

follow-up of 28 months (IQR, 17-43 months). The response
rate of each group was presented in 7Zable 1. No significant
differences were observed in gender, age, past medical history,
macroscopic type, or preoperative evaluated invasion depth
(P value is shown in Table I). But there was a statistically
significant difference in tumor length. A longer tumor length
(>10 cm) was a risk factor of PDT failure (P=0.045).

Due to the same assessment criteria of indication for
both endoscopic modalities, we therefore simultaneously
investigated preoperative diagnostic accuracy based on the
postoperative pathology of the contemporaneous patients
with whole-circumferential early ESCC that received ESD
for reference. The information was presented in Tuble 2.
Though en bloc resection rate was 100%, the lesions were
deeper than expected in 13 of 60 (21.67%) cases.

Adverse events and management of post-endoscopic
esophageal stricture

After injection of photosensitizer, patients were educated
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Table 3 Clinical characteristics and adverse outcome of PDT or ESD treatment

Patient factor PDT (N=12) ESD (N=20% P value
Characteristics of patients
Sex (male) 6 (50) 18 (90) 0.03*
Age (years) 72.42+7.10 66.90+8.06 0.06
Past medical history 11 (91.67) 6 (30) 0.001*
Procedure time (min) 59.75+37.55 149.25+69.48 0.001*
Adverse events
Esophageal pain 75 (9/12) 35 (7/20) 0.07
Hydrothorax 16.67 (2/12) 0 0.13
Fever 8.33 (1/12) 30 (6/20) 0.21
Bleeding 0 10 (2/20) 0.52
Perforation 0 0 -
Stricture of curative cases 80 (8/10) 85 (17/20) >0.99
None prophylaxis 80 (8/10) 100 (7/7) 0.26
Oral glucocorticoids - 76.9 (10/13) >0.99"
Recurrence 10 (1/10) 5 (1/20) >0.99

Data are presented as mean + standard deviation, n (%) or % (n/N). *, the results were statistically significant; ', the comparison is
between stricture rate in PDT group and the steroid administration group of ESD treatment; *, N=20 from the patients without further
endoscopic intervention immediately after ESD in Table 2, excluding one patient that received further radiotherapy and another who did
not conduct regular follow-up gastroscope. ESD, endoscopic submucosal dissection; PDT, photodynamic therapy.

to avoid intense sunlight for at least 1 month. No skin
phototoxicity, bleeding, or perforation happened. Chest
pain appeared to be the most common immediate adverse
reaction to PDT, followed by hydrothorax and fever.
Esophageal stricture remained to be the most common
adverse event in the curative cases after PDT. Finally, there
were no new lymph node metastases during follow-up, but
one patient relapsed iz situ and received PDT again.

All the patients that received PDT didn’t have any
prophylactic measures for stricture formation. In contrast,
prophylactic measure was taken in most curative patients
after ESD treatment (7able 2). Except for the patients
undergoing further endoscopic intervention immediately
after ESD, one patient that received further radiotherapy
and another who did not conduct regular follow-up
gastroscope, 20 curative patients after ESD treatment were
included into the following comparison with those receiving
PDT for adverse events. Twenty curative patients after
ESD treatment were included in the following comparison
with those receiving PDT for adverse events. The result is
shown in Table 3.

Compared with the ESD group, patients in the PDT

© AME Publishing Company.

group had more concomitant diseases (P=0.001). It
took much less time to complete PDT treatment (PDT
59.75+37.55 min vs. ESD 149.25+69.48 min, P=0.001). The
reaction of postoperative fever and bleeding appeared less
in the PDT group (P=0.21 and 0.52, respectively), whereas
chest pain and hydrothorax seemed to be more frequent
(P=0.07 and 0.13, respectively). Nevertheless, there was
no significant difference in the adverse events. There is a
difference in the esophageal stricture prophylaxis in the
PDT and ESD groups. Though without prophylactic
measures, the esophageal stricture rate was 80% in the
PDT group, with no significant difference compared with
that in the steroid administration group of ESD treatment
(P>0.99).

Regarding clinical outcomes of the post-endoscopic
esophageal stricture, there is a significant difference in
the onset time of obvious dysphagia and the associated
therapeutic modalities (as shown in Table 4). The mean
onset time of dysphagia was 7.63+4.34 and 4.29+2.49 weeks
respectively in the PDT and ESD groups (P=0.02).
Endoscopic dilation treatment in the follow-up period was
performed on demand. Much more patients in the ESD
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Table 4 Characteristics and clinical outcome of post-operative esophageal stricture

Parameters PDT (N=8) ESD (N=17) P value
Tumor length (cm) 8.25+2.71 7.12+2.34 0.29
Procedure time (min) 48.75+20.72 152.06+73.89 0.001*
Follow-up period (months) 29.75+7.61 27.88+9.01 0.62
Onset time to obvious dysphagia (weeks) 7.63+4.34 4.29+2.49 0.02*
Treatment of esophageal stricture 0.042*

Bougie or balloon dilation 87.5(7/8) 41.18 (7/17)

Esophageal stent after dilation 12.5 (1/8) 58.82 (10/17)

Data are presented as mean + standard deviation or % (n/N). *, the results were statistically significant. ESD, endoscopic submucosal

dissection; PDT, photodynamic therapy.
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Figure 2 Kaplan-Meier method for post-endoscopic esophageal
stricture duration between PD'T and ESD group. ESD, endoscopic
submucosal dissection; PDT, photodynamic therapy.

group received esophageal stent to relief from dysphagia
(P=0.042). Seven of 8 patients in the PDT group received
remission of dysphagia only by endoscopic bougie or
balloon dilation, and the corresponding average sessions
of dilation were 4.57+2.76. A difference in the duration of
post-endoscopic esophageal stricture was further discovered
by using the Kaplan-Meier method between the two groups
(Figure 2). The result in Table 5 shows that the estimated
mean time to dysphagia remission is 12.72+3.04 and
23.69+3.24 months respectively in PDT and ESD group
(P=0.08).

© AME Publishing Company.

Discussion

ESD is now widely used as an alternative to surgery in
patients with early esophageal carcinoma given the low
risk of lymph node metastasis. However, circumferential
resections are typically concerned or even avoided because
of the high risk of persistent stricture formation, especially
when the lesion’s length was over 5 cm (7,17). Furthermore,
muscle layer damage is another risk factor associated
with the refractory stricture after whole-circumferential
esophageal ESD (17,18). No conclusive prophylactic
therapy has been clear for the prevention of esophageal
stricture after whole circumferential ER yet (19). During
ESD procedure, the established excisional boundary is
usually demarcated 3-5 mm away from the lesion, thus the
actual excisional length is longer than estimated to ensure
a clear safety margin. In addition, muscle layer damages
may occur sometimes. The more damages to normal tissue
during ESD may cause a greater dilemma for the following
esophageal stricture. In addition to esophagectomy as a
recommended treatment for such extensive lesion, CRT is
often an alternative treatment for early ESCC depending
on patients’ comorbidities, tumor localization, and extensive
extension (4,20). But the potential recurrence and toxicities
after RT brings concern (21). PDT is another effective
endoscopic therapy indicated for early esophageal cancer
and has been reported to yield good results even in cases
with suspected invasion of the submucosa or muscularis
propria (3). PDT is a two-stage procedure. The first stage
is an administration of a light-sensitive photosensitizer,
which could be taken up by malignant or dysplastic tissues
with selectivity. The second stage is light irradiation to
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Table 5 Difference of post-operative esophageal stricture duration time after PD'T or ESD
Therapeutics Estimated mean value (months) SD (months) 95% ClI ' P value
PDT 12.72 3.04 6.77-18.67 3.06 0.08
ESD 23.69 3.24 17.33-30.05

P value was evaluated by log-rank test. Cl, confidence interval; ESD, endoscopic submucosal dissection; PDT, photodynamic therapy;

SD, standard deviation.

the targeted tissues, then resulting in photochemical
reactions. In the presence of oxygen, the photoactivated
photosensitizer leads to the formation of reactive oxygen
species (ROS) that rapidly reacts with cellular components,
causing oxidative damage and ultimately leading to the
death of tumor cells. This procedure is often associated with
secondary effects such as damage to the microvasculature
and stimulation of anti-tumor immunity (22). Moreover, the
whole procedure was theoretically specific to tumor tissues
and reduced damage to normal tissues (Figure 1G,1H); thus,
we wonder whether PDT could be an effective and safe
treatment for the long-segment and whole-circumferential
early esophageal cancer.

In our study, twelve patients diagnosed as whole-
circumferential early ESCC received successful follow-up.
For these elderly patients with diverse concomitant diseases
and long-segment lesions, the CR rate was 83.3%. The CR
rate was similar to that in the previous study concerning
extensive early ESCC lesions judged difficult for ER (23).
Though the accurate histopathologic assessment cannot be
acquired after PD'T, we further examined the preoperative
diagnostic accuracy of whole-circumferential early ESCC
in contemporaneous ESD group for reference. The result
showed that 21.67% of the lesions were deeper than
expected. The higher CR rate of PDT treatment indicates
that PD'T may be effective in early ECSS deeper than SM1
when excluding metastasis. Two of 12 patients failed after
two courses of PDT treatment. Both patients had longer
tumor lengths (>10 cm) and received two PDT courses.
Upon further analysis, a longer tumor length (>10 cm) was
identified as a risk factor of PDT failure. In addition, the
patient who relapsed was the third one who had longer
tumor length (>10 cm). PDT induced significant apoptosis
in ESCC cells in a time- and dose-dependent manner (24).
We assume longer or larger lesions may need higher doses
of photosensitizer administration or higher doses of light
irradiation. All that mentioned above suggests that PDT
can be a curative treatment for whole-circumferential
early ESCC, but we should be more cautious about PD'T

© AME Publishing Company.

treatment for longer lesions (>10 cm) and pay more
attention to the following endoscopy reexamination.
Multiple, deeper, or even ultrasound-guided biopsies may
be required for CR evaluation of longer lesions. Even if
CR is not achieved, a good prognosis can be expected if
suitable additional treatment is administered. Just as the
previous studies (25,26), we observed that the second course
of PDT was also safe and effective for early ESCC, but two
patients still failed after two courses of PDT treatment. It
remains a question that whether a third PD'T course may be
attempted into practice.

Moreover, PDT can be considered as a safe treatment
option in adverse events compared with ESD treatment.
The most common adverse event after PDT is esophageal
stricture, which could cause dysphagia and result in
decreased QOL (27). Post-ESD stricture often inevitably
occur after whole-circumferential esophageal resection
without preventive measures. Oral steroid administration
is a strategy option that could be beneficial for the
prevention and control of postoperative stricture after
whole-circumferential esophageal ESD (19,28). In our
study, the esophageal stricture rate in the post-PDT group
was comparable to that in the ESD group with steroid
administration. Furthermore, dysphagia appeared later in
the PDT group and the post-PDT esophageal strictures
were resolved more easily with a simpler dilation modality
instead. Though without a significant difference in
Kaplan-Meier analysis, the estimated dysphagia duration
in the post-PDT group tended to be shorter. The above-
mentioned indicated that PDT was more beneficial in
the aspect of the post-endoscopic stricture formation and
control. In our opinion, the potential advantage of PDT
may come from the high specificity of photosensitizer and
light irradiation to tumor tissues. However, chest pain
and hydrothorax appeared more frequently after PDT
treatment in our study. We speculate that it may result from
an excessive and rapid tumor necrosis after PDT, which
remains to be a question between the benefit-to-harm
balance in the future.
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As an observational study, the selection bias of patients’
characteristics, endoscopic modality adoption and post-
operative stricture prophylaxis was obvious. Generally,
patients that considered not suitable enough for ESD and
prophylactic measures are more likely to receive PDT
on account of physical weakness or some potential risks
related to past medical history. As mentioned above, the
procedure time of PDT" was much shorter than ESD, which
is more friendly to elderly or weak patients. In this case,
PDT treatment is usually considered as a safe endoscopic
modality for patients with early ESCC, especially the
elderly accompanied with comorbidities. Furthermore,
post-operative stricture prophylaxis was actually more
taken in the ESD group, but the dysphagia occurred later
and was relieved earlier and easier after PDT treatment.
The above bias is more favorable for PDT treatment as a
promising endoscopic modality for patients with whole-
circumferential early ESCC. The second limitation in our
study is that PDT cannot allow for a precise pathological
assessment after the procedure, but all the participants
were carefully evaluated before endoscopic treatment
and prospectively followed up for more than one year.
In the follow-up period they received gastroscopy and
chest CT for several times, especially those requiring
hospitalization for esophageal dilation. So, the CR rate is
credible enough. Another limitation is that the frequency
of endoscopic dilation in the two groups was not compared
due to a limited number of patients. In fact, the number
of whole-circumferential ESCC patients who met our
research criteria was limited overall; furthermore, PDT
treatment was not broadly recognized. PDT was also
reported as the initial treatment for Barrett’s esophagus
and early esophageal adenocarcinoma (29,30), but there
are few studies on whole-circumferential lesions to date.
Prospective and large-scale multicenter studies regarding
short-term and long-term outcomes of PDT treatment for
whole-circumferential early esophageal cancer are expected
in the future.

There have been few studies comparing PDT and ESD
treatment for esophageal cancer so far. One study reported
that ESD and PDT as salvage treatments after definitive
CRT for superficial ESCC have the similar curative effect
and long-term prognosis (31). Another study proposed that
PDT may be comparable to the ESD for early esophageal
cancer. With the exception of esophageal stricture, PDT
could reduce many complications and have longer disease-
free survival in comparison with ESD (32). But the whole-
circumferential lesions investigated in this study were very
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limited. In our study, we primarily focused on the clinical
outcomes concerning ESD and PDT treatment for the
whole-circumferential early ESCC. We further found
that PDT may present advantages in the occurrence and
control of the subsequent esophageal stricture over ESD
treatment for long-segment and whole-circumferential
lesions.

Conclusions

PDT may be considered as a promising therapeutic
modality for long-segment and whole-circumferential
early ESCC, especially for the elderly or those with many
comorbidities.
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