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Photodynamic therapy versus endoscopic submucosal dissection
for management of patients with early esophageal neoplasia: a
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Background: Photodynamic therapy (PDT) and endoscopic submucosal dissection (ESD) have been
proposed as a treatment for early esophageal neoplasia. The objective of this study is to compare between the
clinical outcome after ESD and PDT to reach the best management for early esophageal neoplasia.
Methods: All patients undergoing ESD or PDT for early esophageal neoplasia between 2014 and 2015 were
eligible for the study. A retrospective analysis for comparison between the results of ESD and PDT was done.
Results: 36 patients underwent ESD and Thirty PDT. No significant difference was found between the
two groups regarding the demographic or pathologic data. Also, there was no significant difference regarding
the length of hospital stay, presence of hydrothorax, fever, and pain. Operative time was significantly longer
in ESD than in PDT (72 vs. 8 minutes, P<0.001). In addition, bleeding was significantly lower in ESD than
PDT (12 vs. 2, P<0.05). There was a significant difference regarding stricture and cost which were less
in ESD (6 vs. 15, P<0.05). However, perforation was much more in ESD (6 vs. 0, P<0.05). There was no
significant difference between the two groups regarding the disease free survival (DFS), but it was observed
that patients who underwent PDT had more favorable 2-year DFS rates than patients received ESD.
Conclusions: The PDT may be comparable to the ESD. With the exception of esophageal stenosis,
PDT could reduce many complications and have longer DFS in comparison with ESD. PDT is feasible
for patients with early esophageal neoplasia confined to the mucosal layer without regional lymph nodal or
distant metastasis.
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Introduction

Esophageal cancer is one of the most common worldwide
malignant tumours. The 5-year survival rate for highly
aggressive esophageal squamous cell carcinoma is less than
20% (1). Previously, the treatment for early esophageal
neoplasia was esophagectomy. Nowadays, it can be cured
by endoscopic therapies such as endoscopic submucosal
dissection (ESD), cryotherapy thermal ablation and
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photodynamic therapy (PDT). These lesions are prominent
well-demarcated tumours appearing as irregular dyschromia
areas of mucosa (2,3).

PDT as known is based on the photochemical reaction
produced by photosensitizer and specific wavelengths of
visible light which has the potential to cure early esophageal
neoplasia (4,5). Overholt et al’s (6) study indicated that
PDT was an effective mean for eliminating the high-grade
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dysplasia of patients with Barrett’s esophagus and could
reduce the incidence of esophageal adenocarcinoma. PDT
can be operated repeatedly without producing any resistance
or cumulative toxicity, so it is relatively a new therapeutic
modality with distinct advantages (7). In Addition, PDT can
be used in combination with other therapies. Even if it did
not achieve the desired therapeutic effect, we may consider
other invasive means of intervention with the primary
lesion.

Hosokawa and colleagues have successfully applied
ESD for resection of early gastric cancer for the first
time (8). With the help of minimally invasive endoscopic
resection techniques, we can achieve large bloc resection
for early esophageal cancer. Although ESD is difficult as
far as technology, it has been shown to be an effective and
relatively safe treatment for the early esophageal squamous
cell carcinoma (9-11).

In Japan, although PDT has been approved as a curative
treatment for superficial esophageal cancer, it lost the
popularity due to the dramatic spreading of ESD (12). Until
now comparative studies focusing on ESD and PTD have
not been yet reported. So the aim of this study is to analyze
the difference between ESD and PDT for management
of patients with early esophageal cancer regarding the
postoperative outcomes and survival.

Methods

From January 2014 to March 2015, patients at high risk
of esophageal neoplasia received careful screening with
electronic gastroscopy (GIF-H260J; Olympus Co. Ltd.,
Japan). Lugol staining (concentration of 1.5%) and narrow-
band imaging (NBI) were performed on all the patients
to determine suitability for resection or irradiation range.
Low-grade dysplasia, high-grade dysplasia, and carcinoma
confined to the mucosal layer are all defined as “early”
esophageal neoplasia. Depth of invasion and regional lymph
node were determined by Endoscopic ultrasonography
(EUS). All patients underwent chest and abdominal
computed tomography (CT) scan to exclude the presence
of metastasis. Positron emission tomography—computed
tomography (PET-CT) was applied to patients whose
biopsy had revealed carcinoma or those with dysplasia
with suspicious lymph node metastasis detected by EUS or
CT. Once the depth of invasion the tumor was beyond the
mucosal layer or there was existence of regional lymph node
and distant metastasis, these patients would be excluded
from ESD or PDT. The study was approved by Ethics

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

5047

Committee of Henan Cancer Hospital. Written informed
consent was waived because of the nature of retrospective
study.

ESD procedure

Regarding ESD procedure, we used lugol spray and NBI to
demarcate the boundaries of the lesion. Several spots were
marked at 2-3 mm away from the margin of the esophageal
neoplasia by using argon plasma coagulation (ERBE,
Tuebingen, Germany) to ensure a clear safety margin.
Then, 3-5 mL glycerol solution plus indigo-carmine with
0.0025% epinephrine was injected into the submucosal
layer using a 23-gauge disposable injector to raise the lesion.
A circumferential incision was made initially, followed
by submucosal dissection with the I'T-knife 2 (KD-610L;
Olympus Co. Ltd., Tokyo, Japan). Hemostatic forceps
(FD-410LR; Olympus) was used in a soft coagulation mode
(60-W output) to control bleeding.

PDT procedure

The domestic photosensitizer hematoporphyrin derivative
injection (commodity name: Hipofin, 20 mL: 0.1 g) produced
by Chongqing Huading biological pharmaceutical limited
company was used to the PDT of superficial esophageal
carcinoma. The administrated dose of photosensitizer was
2 mg/kg. 5% glucose solution should be infused intravenously
for one hour with the photosensitizer by the proportion
of 2.5mg/mL. Then PDT was performed 24-48 hours
later. The laser light was delivered circumferentially using
cylindrical diffusing quartz fiber (Biolitec CD603-20 C,
diffuser of 2 cm length) passing through the channel of the
endoscope while the patient is under general anesthesia.
As recommended, after calibration of the fiber, a total light
dose of 250-300 J/cm was administered at a non-thermal
fluency rate during a treatment time of 600 s at a power
setting of 1W provided by a 630 nm diode laser source
(Diomed Ltd., Cambridge, UK). And the dose received by
the lesion was 130 J/cm’. After 72-96 hours, the necrosis
was removed partially and PDT was then repeated. Patients
were discharged 2 days later with special recommendation
for avoiding all weavers light during 3 weeks. Dilatation was
performed if dysphagia was present.

Follow-up

All the patients received regular endoscopic follow-us every
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Table 1 Demographic characteristics of patients receiving ESD or
PDT

Pathological characteristics ESD (n=36) PDT (n=30) P

Pain (%) 0.198
No 30(83.3)  21(70.0)
Yes 6 (16.7) 9 (30.0)
Pathology (%) 0.464
High-grade dysplasia 16 (44.4) 13 (43.3)
Squamous cell carcinoma 19 (562.8) 14 (46.7)
Adenocarcinoma 1(2.8) 3(10.0
Circumferential extension of 0.496
tumor (%)
<1/2 18 (50.0) 11 (36.7)
3/4~1/2 10 (27.8) 12 (40.0)
3/4~1 8(22.2) 7 (23.3)
Depth of tumor invasion 0.952
Mucosa 1 31 25
Mucosa 2 4 4
Mucosa 3 1 1

ESD, endoscopic submucosal dissection; PDT, photodynamic
therapy.

1 month during the first 6 months, every 2 months for the
next 6 months of the first year, then, every 3 months during
the second year.

Data acquisition

Data was analyzed by SPSS version 17.0 (SPSS, IBM,
Chicago, IL, USA). Continuous data was expressed as
the mean = SD and was analyzed by the unpaired z-test.
Categorical variables were presented as frequency (%) and
were analyzed by the y2 test. The Kaplan—Meier method
was used to test the associated risk factors for the time of
recurrence and metastasis. Comparisons between groups
were calculated by log-rank test. P<0.05 was considered
significant.

Results

Sixty-six patients (34 males and 32 females) were included
in our department of thoracic surgery for treatment of
early esophageal neoplasia. Among them, 30 were referred
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for PDT, and other 36 patients accepted ESD (Tuble 1).
Circumferential extension of tumor was present in less
than half of the patients (29 patients). Fifty percent to
75% of the circumference was involved by the tumour in
22 patients, and more than 75% in 15 patients. Regarding
the pathology, 29 patients had high-grade dysplasia,
33 patients had Squamous cell carcinoma and 4 were
having Adenocarcinoma. No significant differences were
observed in sex, age, smoking, drinking, pathology, and
circumferential extension of tumor (P>0.05). Also, there
was no significant difference in hospital length of stay,
presence of hydrothorax, fever, and pain. But there was
a significant statistical difference in operative time, cost,
bleeding, perforation, and stricture (P<0.05) (7able 2).
Using the Kaplan-Meier method to compare between
both groups regarding disease-free survival, there were no
significant differences between ESD and PDT (P>0.05)
(Tuble 3, Figure 1).

Discussion

Upper gastrointestinal endoscopy is a valuable tool for the
diagnosis, staging and treatment of early-stage esophageal
neoplasia. Superficial lesions can be found confined to the
mucosal layer by endoscopic surveillance. These lesions may
present as a prominent well-demarcated tumor. For these
lesions, ESD may be most appropriate treatment. It can
provide an entire tumor for histopathological examination.
Other superficial lesions, present as an irregular dyschromia
area of mucosa or may be not well demarcated. PDT" may
be another means of choice for them. For early esophageal
neoplasia, both ESD and PDT have been shown to be safe
with long-term survival outcomes which are usually quite
near to the surgical operation. They are both suitable for
treatment of esophageal precancerous lesion (13,14).

Early esophageal carcinoma includes mucosal and
submucosal carcinomas with or without the presence of
lymph node metastasis. For these patients without lymph
node metastasis, endoscopic resection such as ESD has been
suggested as an alternative mean to esophagectomy, and
its effect can be matched with surgery (15). Ten years ago,
Maunoury’s (16) study provided some promising data for
PDT of esophageal carcinomas in selected patients.

PDT is a photosensitive reaction process involving
oxygen molecules, which is accompanied by biological
effects. Laser irradiation of the specific waves makes the
photosensitizer activated and produces single oxygen. It
is the oxidation reaction of single oxygen that causes to
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Table 2 Procedures and complications of ESD or PDT

Complications and pathology ESD (n=36) PDT (n=30) P
Procedure time 72.33+22.23 8.07+3.42 0.00
Length of stay 2.44+0.77 2.33+0.71 0.549
Cost 22,227.88+3,003.23 24,378.97+3,666.07 0.011
Bleeding (%) 0.008
No 24 (66.7) 28 (93.3)
Yes 12 (33.3) 2(6.7)
Perforation (%) 0.019
No 30 (83.3) 30 (100)
Yes 6 (16.7) 0 (0)
Stricture (%) 0.004
No 30 (83.3) 15 (50.0)
Yes 6 (16.7) 15 (50.0)
Hydrothorax (%) 0.512
No 25 (69.4) 23 (76.7)
Yes 11 (30.6) 7 (23.3)
Fever (%) 0.963
No 23 (63.9) 19 (63.3)
Yes 13 (36.1) 11 (36.7)
Pain (%) 0.198
No 30 (83.3) 21 (70.0)
Yes 6 (16.7) 9 (30.0)
Pathology (%) 0.464
High-grade dysplasia 16 (44.4) 13 (43.3)
Squamous cell carcinoma 19 (562.8) 14 (46.7)
Adenocarcinoma 1(2.8) 3(10.0)

ESD, endoscopic submucosal dissection; PDT, photodynamic therapy.

Table 3 Difference of disease-free survival times for early ischemic necrosis of the tumor tissue (17,18). One study
esophageal neoplasia under PDT or ESD including 103 patients with low-grade dysplasia, high-
Therapeutics Median (95% CI) P grade dysplasia, or intramucosal adenocarcinoma revealed
PDT 24.0 (24-24) 0.193 the successful rate of ablation was 93%, 78% and 44%,

ESD 23.7 (23.3-24.1) _ respectively. Savary er al. (19) reviewed 24 cases of early

squamous cell carcinomas of the esophagus treated by
PDT, photodynamic therapy; ESD, endoscopic submucosal

) . PDT: 84% of patients were cured after a mean follow-up of
dissection.

2 years; there were two stenosis and two fistulas.
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Figure 1 Disease-free survival times for early esophageal neoplasia
under PDT or ESD. ESD, endoscopic submucosal dissection;
PDT, photodynamic therapy.

ESD is widely accepted because of its minimal invasion,
low cost, patients’ good tolerance and better quality of
life after operation, but its operative time is longer and
the incidence of complications is higher (20). Our study
shows that the incidence of major complications for ESD
is similar to the incidence of Japanese studies for selected
early esophageal neoplasia (10,11,21). Lee et al.’s (22)
researches show that ESD is a promising local curative
treatment option for early esophageal neoplasia. Lian (23)
demonstrated that ESD was more promising, but the
incidence of perforation and bleeding was higher. In our
ESD procedures, the occurrence rate of bleeding and
perforation was 33.3%, 16.7% respectively.

To summarize, both ESD and PDT are effective
methods of treatment for early esophageal cancers in
selected patients. Due to complexity of surgical procedure,
the operative time of ESD is much longer than PDT and
the bleeding in patients receiving ESD are more than
PDT. Zero percent to 3% rates of local recurrence was
reported with a RO ESD in previous studies (10,11,21).
In our study, rates of local recurrence are 5.6% (2/36) for
ESD, while PDT is 0%. Benign stricture was the most
commonly observed complications, the stricture rates of
Eunjue et al’s (24) study was 19.4%, while in our study
is 50.0%. Yi’s data suggested that disease-free survival
of patients with complete remission was 21.9 months
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which is similar to ours. PDT is a reasonable palliative
treatment option with acceptable complication rates for
esophageal cancer and could be performed for therapeutic
purposes in cases of early esophageal cancer (24). Of course,
PDT can be applied to the advanced esophageal cancer
as a palliative means in order to alleviate the symptom of
obstruction.

In conclusion, both PDT and ESD are promising local
curative treatment options for early esophageal neoplasia.
ESD still carries the risks of perforation and bleeding in our
study. But PDT is a feasible and safe treatment modality.
However, esophageal stricture is an important concern
to be aware of in the postoperative follow up of patients
undergoing PDT. Although ESD is technically difficult,
PDT is much easier. It is currently unclear whether it can
be a substitute for surgery in patients with early esophageal
cancer. However, PDT is suitable for early esophageal
neoplasia with lesion confined to the mucosal layer without
regional lymph nodal and distant metastasis.
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