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Aims
The objective of the study: to demonstrate the efficacy of intraluminal endoscopic photodynamic therapy 

(PDT) and argon-plasma coagulation (APC-recanalisation) methods in the restoration of oesophageal pa-
tency in strictures caused by tumours in patients with locally recurrent oesophageal [sic]. 

Materials and Methods
Thirty patients were followed-up who underwent oesophagectomy with reconstruction using gastric 

(28 patients, 81.8%) and small intestinal (2 patients, 19.2%) grafts and invagination anastomosis by K.N. 
Tsatsanidi. All patients underwent different variants of two-level lymph node dissection. All patients were 
diagnosed with relapse of the disease at various times after surgery, and subsequently received systemic 
chemotherapy with FLOT therapeutic regimen. The main arm consisted of 11 (36.6%) patients who under-
went oesophageal patency restoration by means of recanalisation of the tumour with PDT destruction. The 
control arm consisted of 19 (63.4%) patients who underwent palliative argon-plasma coagulation of recur-
rent oesophageal carcinoma. The arms were consistent and comparable in terms of the malignant disease 
and histological variant of the carcinoma (р< 0.05). 

Results
Sessions of PDT and APC oesophageal recanalisation achieved relief of dysphagia in 100% of cases. 

The mean number of sessions was 4.23±0.8 for PDT and 8.25±1.7 for APC over the entire treatment period. 
The mean “relapse-free” period of dysphagia in PDT amounted to 3.59 weeks with PTD and 1.97 weeks 
with APC recanalisation. Median survival was 11.1 months in patients in the main arm and 9.8 months in 
the control arm.

Conclusions
Intraluminal photodynamic therapy is a safe and effective method for restoration of oesophageal patency 

in locally recurrent oesophageal cancer, and allows the intervals between repeated interventions for recurrent 
dysphagia to be increased as compared to the APR approach.

Keywords: oesophageal cancer, oesophageal recanalisation, argon-plasma coagulation, photodynamic 
therapy. 

INTRODUCTION
Despite modern progress in oncology, 

among patients who received surgical and 
complex treatment for esophageal cancer, 
in 4–29% of patients, loco-regional recur-
rence develops, in 21–49% of patients, pro-
gressing in the form of regional lympho-
genic and remote metastases [1; 2]. The 
main clinical manifestation of the tumor 
damage of the upper gastrointestinal tract is 
dysphagia; thus, the restoration of enteral 
feeding is the priority in this category of 
patients [3–5]. However, the majority of 
palliative endoscopic methods restore 
esophageal patency for a period of several 
days to a month. A week after the surgery, 
endoscopic recanalization without endo-
prosthesis (angon-plasma recanalization, 
bougienage) leads to the recurrence of dys-
phagia in 70% of patients, which is associ-

ated with hemorrhage because of malprac-
tice in 1.5–23.7% of cases [6–8]. At the 
same time, the effectiveness of argon plas-
ma coagulation (APC) in the recanalization 
of the obstructing tumor of the esophagus 
remains unsatisfactory. The lethality rate 
was 33.3% within 30 days after the ma-
nipulation [9; 10]. Taking into account the 
experience of different researchers, it is rec-
ommended to use stents in patients with a 
life expectancy that will not exceed 
4 months [10; 11]. Besides, stenting of the 
esophagus leads to numerous complica-
tions (hemorrhage during the stent installa-
tion – 5.7%, stent migration – 10%, tumor 
restenosis – 8–57% of cases) [10–12]. Thus, 
the issue of safe and effective endoscopic 
methods in the recanalization of tumor-in-
duced stenosis provokes disputes and re-
quires further studies of new approaches. 
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The study was aimed to demonstrate the 
eff ectiveness of the methods of intraluminal 
endoscopic photodynamic therapy (PDT) 
and APC recanalization in the recovery of 
esophageal patency in patients with tumor 
strictures and local recurrence of esopha-
geal carcinoma. 

MATERIALS AND METHODS
The study included 30 patients with 

esophageal carcinoma that underwent en-
doscopic intraluminal recanalization of the 
esophagus for local recurrence of cancer 
during the period from 2013 to 2018. All 
patients underwent esophagectomy with 
extended lymph node dissection (dissec-
tion of regional lymph collector of the tho-
racic and abdominal cavities), esophago-
plasty with a gastric (28 patients; 93.3%) 
and intestinal graft (2 patients; 6.7%), and 
the formation of invaginated anastomosis 
by Tsatsanidi. Intraluminal manipulations 
were performed between the cycles of 
systemic chemotherapy in the therapeutic 
mode FLOT (oxaliplatin, sodium levofo-
linate, 5-fl uorouracil, docetaxel) that was 
indicated to all patients. The main clinical 
symptom of the loco-regional progression 
of the disease was expressed dysphagia. The 
main group included 11 patients (36.6%) 
that underwent a series of the destruction 
of tumor tissue by the method of intralu-
minal photodynamic therapy. The average 
age of patients in the main group was 59.0 ± 
1.2 years old, the mean recurrence-free pe-
riod was 14.3 months (Fig. 1). The control 
group included 19 patients (63.4%) that un-
derwent a series of argon-plasma recanali-

zation (APR) of esophageal tumor-induced 
stenosis. In the control group, the mean age 
was 62.6 ± 1.7 years old, the mean recur-
rence-free period was 15.6 months (Fig. 1).

In the group of PDT, tumors in the 
middle third of the esophagus and car-
dioesophageal junction were observed in 
5 patients (45.5%) and tumors in the lower 
third were revealed in 1 patient (9.0%). In 
the control group, the involvement of the 
lower third was registered in 11 patients 
(57.8%), middle third – 4 (21.0%), upper 
third – 1 (5.3%). The spread of the tumor to 
the middle and lower third was registered in 
3 patients (15.9%) from the group who un-
derwent APC-recanalization (Figures 2, 3).

Tumors with T3 depth of invasion were 
observed in 6 patients (54.5%), T4 – in 5 pa-
tients (45.5%) from the main group. In the 
control group, in patients, the depth of inva-
sion was T4 (100%) in all patients. In the 
main group, metastatic lymphadenopathy 
N3 was verifi ed in 5 patients (45.5%), N2 – 
in 2 (18.2%), and in 4 patients (36.3%), 
lymph node metastases were not revealed. 
In the control group, the degree of region-
al metastasizing was N2 in 12 patients 
(63.1%) and N3 – in 7 patients (36.9%) 
(Table 1). By the histological variant, in the 
main group, low-grade and moderately dif-
ferentiated adenocarcinoma was verifi ed in 
5 (45.5%) and 2 (18.2%) patients, respec-
tively, and low-grade diff erentiated squa-
mous cancer – in 4 (36.3%) of patients. In 
3 (15.7%) out of 19 patients from the con-
trol group, squamous cancer pG2-G3 was 
diagnosed, and in 16 patients (84.3%) – 
moderately diff erentiated adenocarcinoma. 

A
36% B

46% 47% 21%

Up to 6 
months
6-12 months
More than 12 
months 

Up to 6 
months
6-12 months
More than 12 
months18%

32%

Fig. 1. Distribution of patients by the time of survival without esophageal cancer recurrence: 
A – in the main group (PDT); B – in the control group (APR)
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Fig. 2. Distribution of patients in the main group by the tumor localization 

16%
5%

Middle third
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Upper third

21% 58%
Middle and upper 
third 

Fig. 3. Distribution of patients in the control group by the tumor localization 

Table 1
Staging of the tumor process in patients with esophageal cancer in the main 
and control groups by the pTNM criteria according to TNM 8th ed., 2017

Group of patients T3 T4 N0 N2 N3 Total
Main 6 (54.5%) 5 (45.5%) 4 (36.3%) 2 (18.2%) 5 (45.5%) 11
Control 0 19 (100%) 0 12 (63.1%) 7 (36.9%) 19

A 18% 46%
Low-grade 
differentiated 
adenocarcinoma 
Squamous cell 
cancer

36% Moderately 
differentiated 
adenocarcinoma

B
3 Squamous cell 

cancer pG2-G3

16
Moderately 
differentiated 
adenocarcinoma

Fig. 4. Distribution of patients by the histological variant of the tumor: 
A – in the main group (PDT); B – in the control group (APR)
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The recanalization of tumor-induced 
stenosis was performed by the method of 
intraluminal PDT. Dimeglumine chlorin 
E6 Fotodotazin (Veta-Grand, Ltd., Rus-
sia) was used as a photosensitizer (PS). 
This chlorine PS of the second genera-
tion is intended for the treatment of ma-
lignant esophageal tumors according to 
the nosological classifi cation (IDC-10). 
A single i.v. infusion of PS at the dose of 
1.0–1.4 mg/kg of body weight was given 
to a patient 90–120 minutes before the 
surgery in the conditions of a semi-dark 
ward and dark glasses protection. Accord-
ing to the pharmacokinetic properties, the 
maximum concentration of PS in the se-
rum was registered in 15–30 minutes and 
quickly decreased. On the contrary, in the 
tumor, the maximum concentration of PS 
(10–20 µg/ml) was registered ≈ in 1 hour, 
and in the surrounding healthy tissues, it 
quickly decreased. 

A semiconductor laser Latus (Atkus, 
Russia) was used as a source of light with the 
wavelength 662 ± 10 nm, area of light emis-
sion 4 cm2, laser power 8 W, time of expo-
sure 30 minutes, cumulative eff ective dose 
24 ± 6 J/cm2, power density 20–30 mW/cm2. 
A fl exible light guide was delivered to the tu-

mor by the instrument channel of Gif H180, 
Gif Q165 endoscopes (Olympus). 

APC recanalization was performed 
using a high-frequency generator ERBE 
300D in a Pulsed Coagulation mode, pow-
er 30–45 W, argon fl ow rate 2 L/min. A 
fl exible APC probe was delivered to the 
area of tumor-induced stenosis via the in-
strument channel of the endoscope Gif 
Q165 (Olympus). 

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or offi  cial rep-
resentative) before the study.

RESULTS
After intraluminal PDT and APR of the 

esophagus, all patients had temporary reso-
lution of dysphagia. The mean number of 
sessions was 4.2 ± 0.8 in the PDT group and 
8.3 ± 1.7 in the APR group during the period 
of treatment. The average disease-free time 
after intraluminal PDT before the recurrence 
of dysphagia that required repeated surgery 
was 25.2 days, and after APR, it was 14.1 days 
(p = 0.018, Log-Rank test) (Fig. 5). 

Parameters of comparison Value p (level of significance)
Log-Rank Test 2.119 0.018
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Fig. 5. Curves of time of expressed dysphagia recurrence-free survival after intraluminal interventions 
in patients from the main and control groups
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Parameters of comparison Values p (level of significance)
Log-Rank Test 1.980 0.0678
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Fig. 6. Curves of Kaplan-Mayer general survival in patients with esophageal cancer 
in the main group (green line) and main group (blue line)

In 2 patients (10.5%) from the control 
group, the immediate outcome after intralu-
minal interventions was hemorrhage from 
the tumor area, which was stopped by con-
servative methods. Patients from the main 
group did not have complications and pho-
totoxic reactions. 

The diff erences in the general corrected 
survival rate in the compared groups were 
evaluated by the total share of the survived 
patients calculated by the method of Ka-
plan-Mayer and compared by the Log-Rank 
test (Fig. 6).

Besides, medians of the total survival 
rate depending on the applied method of 
local anti-tumor treatment were shown. 
In the group of patients that received PDT 
recanalization of the esophagus, it was 
11.1 months. In the group of patients that 
underwent APC recanalization, 50% of pa-
tients survived for 9.8 months. 

The comparative analysis of the general 
survival rate in the control and main groups 
did not reveal statistically signifi cant dif-
ferences (p = 0.068) (Fig. 6). Thus, there 
was no signifi cant infl uence of the choice 
of the method of intraluminal treatment of 

tumor-induced stenosis on the survival rate 
of patients with recurrent esophageal can-
cer. Taking into account this observation, 
the feasibility of the choice of a palliative 
method of surgery of tumor-induced steno-
sis should be determined by the number of 
sessions required for the restoration of en-
teral feeding and quality of life of patients. 

CONCLUSIONS 
Intraluminal PDT is a safe and effi  cient 

method for restoring esophageal patency in 
patients with local recurrence of esopha-
geal cancer that allows for an elongation 
of the intervals between repeated interven-
tions for recurrent dysphagia in comparison 
with the APC method. Besides, it should be 
noted that the above-described anti-tumor 
methods of treatment for local recurrent 
esophageal cancer do not infl uence general 
life expectancy in patients. 
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