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Abstract

Photodynamic therapy (PDT) is a worthy alternative to surgical esophageal resection or endoscopic mucosal resection and dissection (EMR, ESD)
in patients with superficial esophageal cancer with severe concomitant diseases as well as in patients with a common form of esophageal cancer
with severe malignant dysphagia. Patients with superficial (7) and advanced (15) esophageal cancer received PDT as an independent method and
as a supplement to complex treatment. Radachlorin was used as a photosensitizer at a dose of 0.6-0.8 mg/kg, administered intravenously 3 hours
before irradiation. A PDT session was carried out using a laser with a wavelength of 662 nm. The light dose used was 150-300 J/cm? The use of PDT
made it possible to achieve the full effect in 7 (100%) patients in the group of superficial (T1a-T1b) esophageal cancer where PDT was either the
only method of treatment or in combination with radiation therapy. In the group of patients with stenotic cancer the use of PDT made it possible to
achieve full recovery of food intake after recanalization for 20% of patients, and partial - for 66.7%. Thus, complete natural food intake was restored
for 86.7% of patients which improved their quality of life. PDT is also a method of choice for cancer of the upper esophagus as esophageal stenting
in this situation can cause unwanted subjective sensations.
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Pesiome
DoTtopnHammueckan Tepanua (OAT) ABNAETCA AOCTOMHON anbTePHATNBON XMPYPrMYeCcKon peseKkLumm NuieBoa 1 SHAOCKOMUYECKO pe3ekK-
Lmm nnu guccekumm cnmsmctor (EMR, ESD) y naLmeHTOB € MOBEPXHOCTHbIM PakoM NULLEBOAA MPU HAJIMUUN Y HUX TAXKESTbIX COMYTCTBYHOLUMX
3aboneBaHnN, a Tak»Ke y NaLMEHTOB C pacnpocTpaHeHHOW pOpMOii paKa NiLLeBoAa NMpU BbipaxXeHHOW 310KauecTBEHHON Ancarun. bonbHble
NMOBEPXHOCTHbIM (7 YenoBeK) 1 cTeHo3upyowmm (15 yenosek) pakom nuwesofa nonydyanu AT B KauecTBe CaMOCTOATENIbHOTO JIeYeHMs, a
TaKkXe B KauecTBe AOMOJIHEHUA K KOMMEKCHOW Tepanuu. B KauecTBe poToceHCcnbunmnsaTopa NpUMEHSNN NpenapaTt pagaxiopuH B gose 0,6—
0,8 MI/Kr, KOTOPbI1 BHYTPUBEHHO BBOAWIN NaLeHTaM 3a 3 4 1o Havana obnyuyeHus. CeaHc OAT npoBoAmMAM C MCMONb30BaHNEM Jladepa C Anu-
HOW BOMHbI 662 HM. CBeTOBas fo3a cocTaBuna 150-300 k/cm>2 MpumeHeHne OAT no3sonuno Aoctuyb nosHoro s¢dekta y 7 (100%) nauym-
€HTOB B rpynmne ¢ NoBepxHOCTHbIM (T1a-T1b) pakom nuieBoaa, rae OAT NpUMeHANN Kak eAUHCTBEHHBIV METOJ, IeYEHUA UIIN B COYETaHUN C
nyyeBon Tepanuen. B rpynne nauneHToB co CTeHO3UpPYoLWmMM pakom ¢ nomoLybio OAIT yaanocb A06UTHCA NOSHOrO BOCCTaHOBEHWA NMUTaHUA
nocnie pekaHanmsauum y 20% 605bHbIX, YaCTUYHOTO — Y 66,7%. Takum obpa3om, y 86,7% naumeHToB Oblio BOCCTAHOBNEHO MONIHOLEHHOE
€CTeCTBEHHOE MUTAHME, YTO 3HAUUTENBHO YNYULLUIO KayecTBO uX »u3Hu. OAT AaBnaeTca meTofoM Bbi6Opa Npu NeYeHn 3110KaYeCTBEHHbIX
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Introduction

Esophageal cancer (EC) is a difficult to treat disease
that ranks the 8th in the structure of cancer morbid-
ity in the world and the 6th in the structure of cancer
mortality [1]. Despite the development of new diag-
nostic and treatment methods for esophageal cancer
at the early stages in recent years, the frequency of de-
tecting patients with EC at the third and fourth stages
is still very high accounting for 67% [2]. An important
indicator of the esophageal cancer malignancy is low
5-year survival rates, not exceeding 10-15% both in
Russia and European countries [3]. In half of the cases,
the main clinical symptom of esophageal cancer is
dysphagia occurring when the lumen is narrowed by
50-70% [4] and limiting the possibilities of surgical,
radiation, combination and comprehensive treatment
[1, 2, 51. In addition, there is a large group of patients
(up to 25%) that cannot undergo curative surgery due
to the presence of severe coexisting diseases and age-
related changes [5]. Radiation therapy (RT) is an EC
treatment method chosen for this patient population,
however, in this case there is a high probability of the
disease recurrence with the development of stenosis.
Furthermore, the second course of RT is impossible
after irradiation at doses corresponding to a curative
treatment regimen [6]. Endoscopic treatment is in-
creasingly used for these reasons. Endoscopic mucosa
resection (EMR) and endoscopic submucosa dissection
(ESD) are current standards of treatment for superfi-
cial esophageal cancer, especially when it is spreads
within the mucosa [7]. However, when annular lesions
spread to more than two thirds of the circumference
of the esophagus, these techniques (EMR and ESD) are
not recommended due to the high risk of persistent
esophageal stricture formation after the therapy [7,
8]. Another urgent problem is the development of en-
doscopic methods for dysphagia resolution, allowing
to restore oral alimentation and enhance the quality
of life of patients with stenotic esophageal cancer [8,
9]. Currently, minimally invasive endoscopic technolo-
gies (dilatation, recanalization caused by exposure to
electrolaser destruction, argon plasma coagulation or
photodynamic therapy) and endoprosthesis replace-
ment are the most promising methods [3, 5].

The possibilities of modern oncology have greatly ex-
panded with the advent of photodynamic therapy (PDT).
This is a unique two-component treatment method
based on the use of photosensitizers (PS) activated by
light [10, 11]. Photosensitizers accumulate in a malignant
tumor and stay in it for a longer time than in healthy tis-
sues. Under local laser irradiation with light of a certain
wavelength (at the PS absorption peak), a photochemi-
cal reaction begins in the tumor forming singlet oxygen
and oxygen free radicals, which have a toxic effect on
malignant cells [4, 6, 7, 12, 13]. PDT is an alternative meth-
od of treating patients with stenotic esophageal cancer
as well as patients with superficial malignant tumors of
this localization that have contraindications to curative
treatment.

Materials and methods

This article is based on a study, which was conducted
in compliance with the provisions of the Declaration of
Helsinki (1964, revised in 2013). The study was conducted
with the approval of the Institutional Control Ethics Com-
mission. The form of the informed consent to endoscopic
manipulations, including PDT, was also approved at the
meeting of the above. Patients were informed about the
PDT method, its benefits and possible risks, treatment
regimen and duration of hospitalization and follow-up
examinations. All patients signed the informed consent
before the treatment.

From 2015 to 2017, endoscopic photodynamic ther-
apy was conducted in 22 patients with esophageal can-
cer. The patients were divided into two groups. The first
one included 7 patients with superficial esophageal can-
cer (T1a,bNOMO) that refused surgical treatment or had
a severe comorbidity or a residual tumor of esophagus
after RT. PDT was used as a curative treatment method
in this group. The second group included 15 patients
with locally advanced esophageal cancer who received
PDT as palliative care to enhance the quality of their life
and increase their life expectancy. The condition for the
use of PDT was the absence of deep carcinelcosis and an
esophageal mediastinal or esophageal respiratory fistu-
la. Men prevailed in both groups: the first group consist-
ed of 5 men and 2 women, the second one included 15
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men. The age of patients ranged from 47 to 76 years old
and averaged 58 years old. In all cases, the squamous cell
carcinoma was morphologically confirmed. Before the
treatment, a four-degree scale of A.l. Savitsky was used
to evaluate dysphagia:

the 1st degree of dysphagia is difficulty in swallowing
solid food;

the 2nd degree of dysphagia is difficulty in swallow-
ing semiliquid food;

the 3rd degree of dysphagia is difficulty in swallow-
ing liquid food;

the 4th degree of dysphagia is difficulty in swallow-
ing water, saliva.

In the first group of patients, no cases of dysphagia
were detected; in the second one, there were the 2nd
and the 3rd degrees of dysphagia. The lesion size varied:
it ranged from 2 to 5 cm in patients of the first group and
was up to 7 cm in patients of the second group. Local-
ization of malignant esophageal tumors and tumor-in-
duced stenosis was distributed as follows: in the middle
third of the esophagus in 5 patients (71.4%) and in the
lower third of the esophagus in 2 patients (28.6%) of the
first group; in the upper third of the esophagus in 6 pa-
tients (40%), in the middle third of the esophagus in 8
patients (53.3%) and in the lower third of the esophagus
in 1 patient (6.7%) of the second group. In the first group,
PDT was used as an independent treatment method due
to the presence of contraindications to curative surgi-
cal treatment or refusal of it in 3 (42.8%) patients or for
the purpose of residual tumor destruction after RT in 4
(57.2%) patients. In the second group, PDT and subse-
quent endoprosthesis replacement (stenting) were con-
ducted in 10 (66.7%) patients with the 3rd degree of dys-
phagia to recanalize tumor-induced stenosis. PDT was
also conducted in 5 (33.3%) patients as an independent
treatment method due to high location of tumors and
inability to place a stent.

Before PDT, radachlorin (RADA-PHARMA LLC, Rus-
sia, registration licence No. LS-001868 of 16.12.2011) was
administered to a patient via IV infusion at a dose of
0.6-0.8 mg/kg in a darkened room. A PDT session was
conducted 3 hours after the PS administration using a
laser with a wavelength of 662 nm (BIOSPEC LLC, Russia).
A light dose was 150-300 J/cm?. Irradiation was delivered
to the site of exposure through a gastroscope channel. A
quartz light guide was passed through an endoscope to
a distal edge of the tumor, after which polypositional la-
ser irradiation of the tumor was carried out. Quartz light
guides with cylindrical diffusers and lengths of 1 to 5 m
were used. The irradiation dose was selected individu-
ally depending on the tumor localization and size and
the degree of esophagus narrowing. The number of ir-
radiation positions ranged from 1 to 3. The total time of
the polypositional irradiation of the tumor was from 10
to 40 minutes.

To prevent skin phototoxicity after endoscopic PDT,
all patients were recommended to observe the light re-
gime, involving limited exposure to the sun for 2 days
and pain relief for 4 days if necessary. Follow-up esopha-
gogastroduodenoscopy (EGD) was performed in the
patients on the 4th day, then after 1 month and every
3 months after the PDT session. Computed tomography
(CT) of the thoracic cavity was repeated every 3 months.
In the presence of residual tumors, another PDT course
was conducted 3-4 weeks after the previous one. Ad-
verse events were evaluated during the first four days
on the basis of patient complaints (pain behind the
sternum, fever), visual examination and follow-up EGD
performed on the 4th day and 1 month after the pho-
todynamic therapy. The pain was assessed on a 10-point
analogue scale and did not exceed 2-3 points on the 4th
day. Intoxication syndrome was evaluated on the basis of
patient complaints and data on fever. The PDT efficiency
and the possibility of stenosis development were evalu-
ated during esophagoscopy.

Results and discussion

The short-term treatment outcomes were evaluated
on the 4th or 5th day after the first PDT course. During
this period, demarcation of a necrotic zone and partial
sloughing in a recanalization zone occurred, local inflam-
matory reaction remitted (Fig. 1).

In the first group, complete tumor regression was
achieved in all patients as a result of PDT. With the full
effect observed in 7 (100%) patients, unchanged mucosa
was visible in 4 (57.2%) patients and scars were visible in
3 (42.8%) patients during the follow-up endoscopic ex-
amination. The absence of lesion growth signs was de-
tected using a biopsy of the former tumor site and chro-
moendoscopy with a 1% Lugol’s iodine solution.

The median follow-up of patients with superficial
esophageal cancer was 28 months after the treatment.
Progression in the form of distant metastases and lo-
cal recurrence was diagnosed in only one patient who
therefore underwent stent placement. The result was
achieved in all 7 (100%) patients. In 2 (28.5%) patients
with residual tumors after RT and achieving the full ef-
fect of PDT, cicatrical esophageal strictures of the 2nd
degree were developed, which were successfully elimi-
nated by means of endoscopic bougienage.

In the second group of patients, the effect was evalu-
ated as complete and partial esophageal lumen restora-
tion. The restoration of esophageal lumen was consid-
ered complete when it reached the diameter of 1 cm or
more after recanalization (Fig. 2). Moreover, in the case
of the complete esophageal lumen recanalization, an en-
doscope with a diameter of 9-12 mm smoothly reached
the stomach. The complete esophageal lumen recanali-
zation allowing patients to swallow almost any food was
detected in 3 (20%) patients. The treatment effect in this
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Puc. 1.9Hp0doTorpadum nokanusoBaHHou GopMbl paka nuuieBoaa B pasinyHblie cpoku nocne OAT:

a — po nposeaeHus OAT;

6 — 4-ble cyTku nocne PAT;

B — Yyepe3 1 mec nocne OAT;
r — yepes 30 mec nocne AT

Fig. 1. Endophotographs of a localized form of esophageal cancer at various times after PDT:

a - before PDT;

6 — 4th day after PDT;

B — 1 month after PDT;
r — 30 months after PDT

patient population was supported by multi-course PDT.
During the study, one patient underwent a maximum of
6 PDT courses. Average survival duration of this patient
population was 28.2 months.

The partial esophageal lumen restoration after PDT
was observed in 10 (66.7%) patients. The restoration of
esophageal lumen was considered partial if its diameter
did not exceed 0.6-0.8 after recanalization. In addition,
an endoscope could be only passed beyond the area
of tumor-induced stenosis constrainedly or after an ad-
ditional bougienage procedure. After partial recanaliza-
tion, patients could swallow semiliquid or liquid food,
which corresponded to the 2nd and the 3rd degrees of
dysphagia. This group included patients with tumors lo-
cated in the upper third of the esophagus and those who
underwent PDT for recanalization before stent place-

ment. Average survival duration of this patient popula-
tion was 10.2 months.

The esophageal lumen recanalization procedure was
not effective in 2 (13.3%) patients of the second group:
after PDT and subsequent thermal destruction, the diam-
eter of the esophagus remained the same, an endoscope
could not be passed distal of stenosis, the patients’ abil-
ity to swallow food did not change. This group included
patients with tumor-induced stenosis of the upper third
of the esophagus with extension to the larynx.

Conclusion

Thus, PDT is a valid alternative to surgical resection
of the esophagus or endoscopic mucosa resection (EMR,
ESD) in patients with superficial esophageal cancer hav-
ing severe coexisting diseases as well as in patients with
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Puc. 2. dHagodoTorpacdun onyxoneBoro CTeHo3a NuLLeBoaa B pa3/iuiHble cpoku nocne ®AT:

a — po npoeeaeHus OAT;

6 - nocne ®AT;

B — 4-ble cyTKu nocne OAT;
r — yepes 1 mec nocne ®AT

Fig. 2. Endophotographs of tumor stenosis of the esophagus at various times after PDT:

a - before PDT;

6 — after PDT;

B — 4th day after PDT;
r — 1 month after PDT

advanced esophageal cancer with severe malignant
dysphagia. The use of PDT allowed for the full effect in
7 (100%) patients in the group with superficial (T1a-T1b)
esophageal cancer where PDT was an exclusive treat-
ment method or was combined with previously per-
formed radiation therapy. In the group of patients with
stenotic cancer, PDT was effective in 13 (86.7%) patients.
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