ORIGINAL ARTICLE

Results of the study of factors predicting
the risk of the development of grade Il|
radiation-induced mucositis during radiation
or chemoradiation therapy in patients

with oral cavity and oropharynx cancer

Vysledky studie faktorU predikujicich riziko vzniku poradiacni
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Summary

Background: Today, a number of methods and ways of prevention and treatment of radiation-
-induced mucositis of the oral cavity and oropharynx have been developed, but the represented
approaches are still not effective enough. Therefore, to increase the effectiveness of the
prevention and treatment of radiation-induced mucositis, it is necessary to approach this problem
comprehensively and individually, and to evaluate the factors affecting the development of
mucositis. Materials and methods: In this single-center prospective controlled non-randomized
clinical trial, the results of clinical observation of the development of complications of radiation
and chemoradiation therapy in 105 patients with a newly diagnosed squamous cell cancer of the
oral cavity and oropharynx were analyzed. Factors affecting the risk of the development of grade
Il radiation-induced mucositis including the age, gender of the patients, their general condition
before the treatment according to World Health Organisation scales, type of the treatment and
its doses, additional use of immunotherapy with alpha/beta defensins, characteristic signs of the
tumor process and all indices of the immune status of the patients before the treatment have
been analyzed. Results: The method of construction and analysis of one-factor logistic regression
models, where 24 indices were analyzed as factorial features, showed that the reduction of the
risk of the development of grade Il radiation-induced mucositis is predicted by several factors:
immunotherapy, gender, serum concentrations of IgG and IgA. A decrease (P < 0.001) in the risk
of the development of grade Ill radiation-induced mucositis was revealed if immunotherapy
with alpha/beta defensins (with a total dose of 40mg) was included into the treatment scheme
(relative odds (RO) 0.05; 95% reference interval (RI) 0.02-0.18), in comparison with patients of
the groups where it was not present or this immune agent was used in a total dose of 60mg
(P =0.001, RO 0.06; 95% RI 0.01-0.30). The next factorial sign was gender, namely the risk of the
development of grade Il radiation-induced mucositis was lower for men (P = 0.003; RO 0.15; 95%
R10.04-0.53) compared to women. An increase (P = 0.024) in the risk of the development of grade
Il radiation-induced mucositis with an increase in the initial level of IgG serum concentration was
revealed, (RO 1.08; 95% RI 1.01-1.16) for each 1 mg/mL, as well as an increase (P = 0.044) in the
possibility of the appearance of grade lll radiation-induced mucositis with an increase in the serum
concentration of IgA (RO 1.23; 95% RI 1.01-1.50) for every 1 mg/mL also before the beginning of
the treatment. Multifactorial analysis has also confirmed that the risk of the development of grade
Il radiation-induced mucositis increases (P = 0.008) with a high serum IgG concentration before
the treatment or with an increase in this index during therapy (RO 1.13; 95% RI 1.03-1.09) for
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RESULTS OF THE STUDY OF FACTORS PREDICTING THE RISK OF THE DEVELOPMENT OF GRADE Il RADIATION-INDUCED MUCOSITIS

every 1 mg/mL (when standardized by other risk factors). It was determined that when standardizing according to other factors (gender, IgG level),
the risk of the development of grade Ill radiation-induced mucositis in the use of the immune agent alpha/beta defensins in a total dose of 40mg
per course decreases (P < 0.001; RO 0.08; 95% RI 0.02-0.27) compared to patients with oral cavity and oropharynx cancer who were not treated
with immunotherapy. The risk of the development of grade Ill radiation-induced mucositis also decreases (P = 0.001) in the use of immunotherapy
in a higher dose, i.e. 60 mg per course (RO 0.03; 95% Rl 0.004-0.24 compared to patients whose treatment did not include immunotherapy (when
standardized by other factors). Conclusion: As a result of this controlled clinical study, some factors were determined in addition to the radiation as
those affecting the risk of the development of grade Il radiation-induced mucositis in patients with oral cavity and oropharynx cancer during special
treatment. These factors comprise the inclusion of immunotherapy with alpha/beta defensins into the specific treatment; gender, and baseline
levels of serum IgG and IgA concentrations suggest a pattern in which the higher the serum IgG and IgA concentrations are before the start of the
treatment, the greater is the likelihood of severe radiation-induced mucositis degree during special therapy. The results of the study of humoral state
of theimmune system in patients with oral cavity and oropharynx cancer before the beginning of chemoradiation therapy can be used as prognostic
risk factors for the development of severe gamma-irradiation-induced mucositis of the oropharyngeal area, as well as an indication for the use of
immunotherapeutic agents (in particular, alpha/beta defensins) that are able to polarize the immune response towards type 1 T-helpers through
theirimmunomodulatory action.
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Souhrn

Vychodiska: K dnesnimu dni byla vyvinuta fada metod a technik pro prevenci a 1é¢bu poradia¢ni mukozitidy Ustni dutiny a orofaryngu, ale
uvedené pristupy stale nejsou dostatecné ucinné. Pro zvyseni Uc¢innosti prevence a lécby poradiacni mukozitidy je proto nutné pfistupovat
k tomuto problému komplexné a individualné a posoudit faktory ovliviiujici vznik tohoto onemocnéni. Materidl a metody: Tato prospektivni
nerandomizovana kontrolovana klinicka studie z jednoho centra analyzovala vysledky klinického sledovani rozvoje komplikaci po radioterapii
achemoradioterapiiu 105 pacientl s nové diagnostikovanym dlazdicobunéénym karcinomem Ustni dutiny a orofaryngu. Byly analyzovany faktory
ovlivaujici riziko vzniku poradia¢ni mukozitidy stupné lll, v¢. véku, pohlavi pacientd, jejich celkového stavu pred [é¢bou podle stupnice Svétové
zdravotnické organizace, typu lé¢by a jeji davky, dodate¢ného podaniimunoterapie alfa/beta defenziny, charakteristickych ptiznak nadorového
procesu a vsech ukazateld imunitniho stavu pacienta pred lé¢bou. Vysledky: Metoda konstrukce a analyzy jednofaktorovych logistickych
modelli regrese, ve kterych bylo analyzovano 24 ukazateld jako faktoridlni prvky, ukéazala, Ze snizeni rizika vzniku poradia¢ni mukozitidy stupné
Il je predikovano nékolika faktory: imunoterapii, pohlavim a sérovymi koncentracemi IgG a IgA. Bylo zjisténo snizeni (p < 0,001) rizika vzniku
poradia¢ni mukozitidy stupné Ill, pokud byla do 1é¢by pacientl zatazena imunoterapie alfa/beta defenziny v celkové davce 40 mg (relativni
pomér sanci (relative odds — RO) 0,05; 95% referencni interval (RI) 0,02-0,18) oproti pacientlim ve skupiné bez imunoterapie a ve skupiné s touto
imunoterapii v celkové dévce 60mg (p = 0,001; RO 0,06; 95% RI 0,01-0,30). Dalsim faktorem bylo pohlavi, konkrétné u muzl bylo ve srovnani
s zenami riziko vzniku poradia¢ni mukozitidy stupné Ill nizsi (p = 0,003; RO 0,15; 95% RI 0,04-0,53). Bylo zaznamenano zvyseni rizika (p = 0,024)
mukozitidy stupné Il pfi zvyseni vychozi hladiny sérové koncentrace IgG (RO 1,08; 95% RI 1,01-1,16) na kazdy 1 mg/ml a zvySeni (p = 0,044)
pravdépodobnosti vzniku mukozitidy stupné Ill se zvysenim hladiny sérové koncentrace IgA (RO 1,23; 95% RI 1,01-1,50) na kazdy 1 mg/ml,
také pred lé¢bou. Multivaria¢ni analyza rovnéz potvrdila, Ze riziko vzniku poradia¢ni mukozitidy stupné Ill se zvySuje (p = 0,008) s vysokou
hladinou sérové koncentrace IgG pred Ié¢bou nebo se zvysenim tohoto ukazatele béhem [é¢by (RO 1,13;95% RI 1,03-1,09) na kazdy 1 mg/ml (pfi
standardizaci na ostatni rizikové faktory). Bylo zjisténo, ze pii standardizaci na dalsi faktory (pohlavi, koncentrace 1gG) je riziko vzniku mukozitidy
stupné Ill pfi pouziti imunosupresiva alfa/beta defenzin(i v celkové ddvce 40mg na kuru snizeno (p < 0,001; RO 0,08; 95% RI 0,02-0,27) ve
srovnani s pacienty s karcinomem Ustni dutiny a orofaryngu, ktefi imunoterapii nedostavali. Podobné je riziko vzniku poradia¢ni mukozitidy
stupné lll snizeno (p =0,001) pfi pouZiti imunoterapie ve vyssi davce, tj. 60 mg na jeden cyklus (RO 0,03; 95% Rl 0,004-0,24) ve srovnani s pacienty,
ktefi imunoterapii nedostali (pfi standardizaci na ostatni faktory). Zdvér: Tato kontrolovana klinicka studie identifikovala dalsi faktory, které kromé
samotného ozafovani ovliviuji riziko vzniku poradia¢ni mukozitidy stupné lll u pacienttd s karcinomem Ustni dutiny a orofaryngu béhem specialni
lécby. Mezi tyto faktory patii zafazeni imunoterapie alfa/beta defenziny do specialni Ié¢by, pohlavi a vychozi sérové koncentrace IgG a IgA,
pricemz plati, Ze ¢im vyssi jsou sérové koncentrace IgG a IgA v dobé zahdjeni Ié¢by, tim vétsi je pravdépodobnost vzniku zavaznéjsi poradiacni
mukozitidy béhem specidlni lécby. Vysledky studie humoralniho stavu imunitniho systému pacientd s karcinomem Ustni dutiny a orofaryngu
pred zahdjenim chemoradioterapie Ize vyuzit jako prognostické rizikové faktory pro vznik zdvazné poradiacni mukozitidy orofaryngu a také jako
indikaci pro pouziti imunoterapeutickych latek, zejména alfa/beta-defenzing, které jsou diky imunomodula¢nimu tcinku schopny polarizovat
imunitni odpovéd smérem k pomocnym T-lymfocytdm typu 1.
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Introduction

During radiation or chemoradiation
therapy of patients with oral cavity or
oropharynx cancer, the development
of radiation-induced mucositis of any
grade of severity leads to a decrease in
the quality of life of the patients and is

the most exhausting of the complica-
tions of study treatment [1,2]. Therefore,
the occurrence of grade Il radiation-in-
duced mucositis forces the premature
completion of chemoradiation therapy
at a dose that is insufficient to achieve
an optimal antitumor result, which in-

creases the risk of recurrence of neopla-
sia, or to take a break only during the ra-
diation stage of therapy, which can cause
secondary radio-resistance of the tumor,
which will be manifested later upon re-
sumption of the irradiation courses after
recovery from mucositis [3,4].
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Due to the concentration of many ef-
forts in performance the clinical re-
search, a number of methods and ways
of prevention and treatment of radia-
tion-induced mucositis of the oral cav-
ity and oropharynx have been devel-
oped, since this approach can be the key
one in the results of treatment improve-
ment and prolonging the endurance
of patients with cancer of the oral cav-
ity and oropharynx [5,6]. However, the
represented approaches are still not ef-
fective enough; thus the results of their
application in clinical practice leave un-
satisfactory results in many oncological
patients having mucositis as a complica-
tion of chemotherapy. The evidence ob-
tained in recent studies indicates that
in order to increase the effectiveness of
the prevention and treatment of radia-
tion-induced mucositis, it is necessary
to approach this problem comprehen-
sively and individually and to evaluate
other known factors influencing the de-
velopment of the inflammatory reaction
of oral cavity mucous membrane of a se-
vere grade, in addition to the source of
ionizing radiation. As it was shown by
Sougiannis et al., the effect of radiation
therapy is associated with the induc-
tion of immune inflammation reactions
on the mucous membranes, the nature
and intensity of which is determined
not only by the properties of the radia-
tion, but also by the immune status of
the human body. Therefore, it is advis-
able to search for potential immune fac-
tors that can contribute to the develop-
ment of grade Ill mucositis during the
exposure to radiation therapy in can-
cer patients, which would allow to find
methods of influencing the immune sta-
tus to prevent complications of study
treatment. It is also known that some im-
munotherapeutic agents, such as inter-
ferons of various classes [7,8], thymosin-
-alpha1 [9], interleukin 2 [10], which have
demonstrated effectiveness in oncology
as antitumor agents, also have adjuvant
and tolerogenic effects on chemoradia-
tion therapy, which improves the toler-
ability of study therapy and can poten-
tially be associated with a reduction in
the risk of radiation-induced mucositis
development. In such cases, their posi-
tive effect is found in the immunomod-

ulatory effect, which rebuilds the na-
ture of the immune system response to
radiation damage of the mucous mem-
brane in the oral cavity during chemo-
radiation therapy. Nevertheless, the
side effects of tested immunotherapeu-
tic agents [7] as well as frequent cases
of resistance to their immunomodula-
tory action [8] force us to look for new,
more effective and safer ways of immu-
notropic influence in oncology. As it is
indicated by Adyns et al., natural and
recombinant alpha/beta defensins are
currently among the most promising
immunomodulatory agents in oncol-
ogy [11]. Therefore, in the course of spe-
cially planned controlled clinical studies,
it seems promising to determine the po-
tential protective effects of these agents
regarding the development of radiation-
induced mucositis in patients with oral
cavity and oropharynx cancer during
courses of study treatment.

Aim of the study

This study aimed to determine the prog-
nostic factors of the risk of the develop-
ment of grade Ill radiation-induced mu-
cositis in patients with oral cavity and
oropharynx cancer during the radiation
or chemoradiation stage of treatment in
order to improve the endurance of pa-
tients by improving the methods of pre-
vention and treatment of radiation dam-
age to the mucous membrane in the
oropharyngeal area.

Materials and methods

In this single-center prospective con-
trolled non-randomized clinical trial,
there were analyzed the results of labo-
ratory examination, treatment, and clin-
ical observation of 105 patients with
a newly diagnosed squamous cell car-
cinoma of the oral cavity and orophar-
ynx. The study was performed on the
basis of the surgical department of head
and neck pathology and the radiologi-
cal department of the communal non-
profit enterprise Precarpathian Clinical
Oncology Center of the Ivano-Frankivsk
Regional Council from 2017 to 2022. All
patients were acquainted with the treat-
ment plan, which was certified by sign-
ing a written informed consent, follow-
ing the principles of the Declaration of

Helsinki. The Ethics Committee of lvano-
-Frankivsk National Medical University
approved the research protocol (proto-
col No. 94/17 dated 16.11.2017)

The age of the patients ranged from
33to 85 years, and the average index was
60.3 £ 9.8 years (+ SD). A total of 87.6%
were men (92 patients) and 12,4 % were
women (13 patients). During the addi-
tional examination, more than 90% had
an unsanitated oral cavity, which, ac-
cordingly, was rectified before the be-
ginning of the treatment, namely by
professional oral hygiene, treatment of
chronic foci of infection or tooth root ex-
traction. In case of the presence of metal
dental crowns, protective plastic mouth
guards were made for the patients dur-
ing radiation therapy to prevent second-
ary irradiation of the oral cavity mucous
membrane.

All patients were divided into the
groups depending on the therapy
scheme at the first stage of the study
treatment. Group | (RT+IT) included
25 patients receiving radiation therapy
and immunotherapy with alpha/beta
defensins (40 mg); group Il (CH/RT+IT)
included 20 patients receiving radiation
therapy with intra-arterial chemother-
apeutic potentiation and immunother-
apy (40mg); group Il (RT+2IT) included
20 patients receiving gamma therapy
against the background of immunother-
apy in an increased dose (60 mg); group
IV (RT) included 20 patients receiving ra-
diation therapy only; group V (CH/RT)
included 20 patients receiving radia-
tion therapy with regional intra-arterial
chemotherapy withoutimmunotherapy.
Groups IV and V were comparators.

The choice of the treatment method
was regulated by the “Standards of diag-
nosis and treatment of cancer patients”;
in particular, by the clinical protocol
for providing medical care to patients
with oral cavity and oropharynx can-
cer — Order of the Ministry of Health of
Ukraine No. 554, dated September 17,
2007, with changes and additions made
by Order of the Ministry of Health of
Ukraine No. 247, dated March 28, 2016.

The method for performing the ra-
diation course consisted in the applica-
tion of remote gamma irradiation using
Cobalt-60 device to the tumor area and
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/Tab. 1. Allocating patients to treatment groups depending on the histological differentiation of the tumor. A
Groups Highly differentiated G1 Moderately differentiated G2 Low-differentiated G3 P
abs. % abs. % abs. % 0.705

| - RT+IT 8 32 10 40 7 28

Il - CH/RTHIT 5 25 1 55 4 20

Il - RT+2IT 6 30 11 55 3 15

IV-RT 5 25 13 65 2 10

V - CH/RT 8 40 10 50 2 10

total 32 31 55 52 18 17

% — frequency, abs. — absolute number of patients, CH/RT — chemoradiotherapy, IT — immunotherapy, RT - radiation therapy

/Tab. 2. Allocating patients to treatment groups depending on the form of tumor growth.
Groups Exophytic tumor growth Endophytic tumor growth Mesophytic tumor growth P
abs. % abs. % abs. % 0.917

| - RT+HIT 1 4 16 64 8 32

Il - CH/RT+IT 1 5 14 70 5 25

Il - RT+2IT 3 15 12 60 5 25

IV-RT 3 15 1 55 6 30

V - CH/RT 2 10 13 65 5 25

total 10 9 66 63 29 28

% — frequency, abs. — absolute number of patients, CH — chemoradiotherapy, IT —immunotherapy, RT - radiation therapy

N

the area of regional lymph drainage up
to a total dose of 36-40 Gy (single focal
dose 2-2.5 Gy, 5 sessions per week).

Depending on the location of the
tumor in the oral cavity or oropharynx,
patients of the groups underwent cathe-
terization of the superficial temporal ar-
tery or the external carotid artery. Re-
gional intra-arterial chemotherapy with
cisplatin at a dose of 20 mg/m? was per-
formed since the first day of radiation
therapy for 5 days with the duration of
cisplatin administration for 2-3 hours
using a DSh-08 syringe pump. At the
same time, patients received remote
gamma therapy (RGT). After comple-
tion of chemotherapeutic potentiation,
radiation therapy was continued up to
a total dose of 40 Gy with control of gen-
eral as well as local changes and blood
parameters once a week.

Patients of groups |, Il and Il were ad-
ditionally given immunotherapy with an

alpha/beta defensins medicine, accord-
ing to two schemes of its administration
to prevent and reduce the complications
of radiation and chemoradiation therapy.
The first is 2.0 mL intramuscularly twice
a day for 5 days, starting 2 days before the
study treatment, and 2.0 mL once a day
during the next 10 days (total dose (TD)
40mg). The second scheme of the ad-
ministration of alpha/beta defensins con-
sisted in increasing the dose to 2.0 mL
intramuscularly twice a day for 10 days,
starting 2 days before the beginning of
study treatment, and 2.0 mL once a day
during the next 10 days (TD 60 mg).

All patients had squamous cell carci-
noma according to histological struc-
ture, and the grade of differentia-
tion among the groups was various
(Tab. 1). In general, there were most pa-
tients with histological differentiation
G2 (52%) the observation, and the least
with G3 (17%). According to the analy-

sis performed (comparison by the chi-
-square test), the study groups were
compared according to the histological
differentiation of the tumor before the
treatment (P > 0.05).

The analysis of the distribution of pa-
tients depending on the form of tumor
growth shows that the majority (66) of
patients (63%) had endophytic tumors
and least of them (10) had exophytic tu-
mors (9%) (Tab. 2). There were 3 (15%)
patients with an exophytic tumor in
each of groups lll and IV, 1 patient in
each of groups | and I, and 2 (10%) pa-
tients in group V. Endophytic tumors
were most common in group | - 16 pa-
tients (64%), and least common in group
IV - 11 patients (55%). The mixed form of
the tumor was distributed between the
groups as follows: 8 (32%) patients in the
group | and 5 (25%) patients in each of
the groups II, 1ll, V and 6 (30%) patients
in group IV.
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The comparison between the groups
depending on the nature of tumor
growth was performed using the chi-
-square test and no differences were
found (P > 0.05).

In our study, there were 38 and 67 pa-
tients (36 and 64%) with oropharyn-
geal and oral cavity cancer, respectively
(Tab. 3). According to tumor localization,
the groups were comparable by the
chi-square test (P > 0.05).

Staging of oral cavity and orophar-
ynx cancer was carried out accord-
ing to the international classification of
TNM-7 (Tab. 4) [12]. In general, the study
included 94 (89.5%) patients in an ex-
tensive-stage of the disease (lll, IV) and
only 11 (10.5%) patients had stages
I-1l. Only 18 (17.1%) patients did not
have the spread of the tumor process to
adjacent anatomical sites, but 87 (82.9%)
patients had. In 68 (64.8%) patients, the
tumor spread beyond more than one
anatomical site. In 18 (17.1%) patients
the tumor spread into the full-thickness
of the bone tissue together with cancer
of the mucous cellular part of the lower
or upper jaws, the floor of the oral cavity
or the hard palate.

/Tab. 3. Allocating patients to treatment groups depending on localization. A
Groups Oral cavity Oropharynx P
abs. % abs. % 0.308
| - RT+IT 13 52 12 48
Il - CH/RT+IT 14 70 30
Il - RT+2IT 11 55 45
IV-RT 13 65 35
V - CH/RT 16 80 4 20
total 67 64 38 36
% — frequency, abs. — absolute number of patients, CH - chemoradiotherapy,
IT - immunotherapy, RT - radiation therapy

N

Tumor spreading to regional lymph
nodes was noted in 82 (78.1%) patients,
which was confirmed by diagnostic
methods such as lymph node puncture
biopsy, ultrasound, multi-slice CT or MRI
examination. After performance of the
analysis according to the chi-square test,
the groups were compared according to
the rate of metastasis into the regional
lymph nodes (P > 0.442).

As it can be seen from Tab. 4, there
were 7 patients (28%) with T,N,M_ tumor

disease in group | and 8 patients (32%) in
the same group who were not diagnosed
with regional metastasis of oral cavity
and oropharynx squamous cell cancer.
Also, there was 1 (4%) patient with IVb
(i.e. T,aN,M) tumor stage in this same
group. In groups II, Il and IV, there was
also a majority of patients with tumors
inT,N,M, stage, with 60, 30 and 25%, re-
spectively. There were 4 (20%) patients
in group V and the tumor did not form
regional metastases into the lymphatic

Tab. 4. Allocating patients to treatment groups according to the international TNM-7 classification [12]. A
Staging Group | RT-IT Group Il Group Il Group IV Group V Total
N=25 CH/RT-IT RT-2IT RT CH/RT
N=20 N=20 N=20 N=20
abs. % abs. % abs. % abs. % abs. % abs.
T,NM, [ 1 4 1
T,NM, 1 1 5 1
T,N,M, I 5 20 1 5 2 10 1 5 9
T,NM, 1 1 5 2 10 3 15 6
T,N,M, IVa 1 4 1 5 1 5 3
TN,M, 1 2 1 5 2 10 2 10 4 20 1
T,NM, 1] 7 28 12 60 6 30 5 25 3 15 33
T,N,M, IVa 2 8 2 10 4 20 5 25 3 15 16
T,N,M, IVb 1 5 1 5 2
TaNM,  IVa 1 5 1 5 2
TaNM,  IVa 3 12 2 10 3 15 3 15 1
TaN,M,  IVa 3 12 2 10 3 15 1 5 9
T,aN.M, IVb 1 4 1
% - frequency, abs. — absolute number of patients, CH - chemoradiotherapy, IT —immunotherapy, RT - radiation therapy
_
Klin Onkol 2024; 37(3): 189-201 193




RESULTS OF THE STUDY OF FACTORS PREDICTING THE RISK OF THE DEVELOPMENT OF GRADE Il RADIATION-INDUCED MUCOSITIS

' 7

Tab. 5. Allocating patients to treatment groups and indices according to ECOG, Karnofsky index.
Indices Group | Group I Group Il Group IV Group V Total
of general RT+IT CH/RT+IT RT+2IT RT CH/RT
condition N=25 N=20 N=20 N=20 N=20

abs. % abs. % abs. % abs. % abs. %
ECOG 1 21 84 19 95% 18 90% 12 60 15 75
before 2 3 12 1 5% 1 5% 8 40 4 20 0073
treatment

1 4 - - 1 5% - - 1 5

Karnofsky index
before the 90 (80-90) 90 (80-90) 90 (90-90) 80 (70-90) 80 (70-90) 0.005
treatment, %
% — frequency, abs. — absolute number of patients, CH — chemotherapy, ECOG - Eastern Cooperative Oncology Group, IT —immu-
notherapy, RT - radiation therapy

-~

Tab. 6. Characteristics of patients according to groups and study treatment received. For indices (distribution law other than
normal), the medians and the interquartile ranges (QI-Qlll) are given. The comparison was performed according to the Krus-

RT - radiation therapy

N

kal-Wallis test.
1ststage of study Group | Group Group il Group IV Group V Level of signi-
treatment RT+IT CH/RTHIT RT+2IT RT CH/RT ficance for
N=25 N=20 N=20 N=20 N=20 difference, P
RGT dose, Gy 40 (39.5-40) 40 (38-40) 40 (36-40) 40 (37-40) 38 (36-40) 0.267
dose of cisplatin, mg 100 152.5 0.616
(100-175) (100-172.5)

% - frequency, abs. — absolute number of patients, CH — chemotherapy, IT —-immunotherapy, RGT - remote gamma therapy,

nodes —T,NM , and in a single quantity,
3 (15%) patients with each of the tumor
diagnosis according to the international
classification: T,N.M_, T.N.M,, T.N.M,
T,aN,M,. Only 1 patient in the study was
diagnosed with oral cavity or orophar-
ynx cancer of TN M, and TN, M stage.
Before the beginning of the treatment,
all patients were assessed for their gen-
eral condition and quality of life, using
the World Health Organisation scale ac-
cording to Eastern Cooperative Oncol-
ogy Group - ECOG) for assessing the
general condition of the patient (per-
formance status); the results are shown
in Tab. 5. The majority of patients in all
groups had ECOGT, but in groups IV and
V, their percentages were 60 and 70%,
respectively. In groups I-lll, these per-
centages were 84-95%. Accordingly,
there were more patients in the compar-

ison groups with ECOG2 - 8 (40%) and
4 (20%) patients, respectively. And there
was 1 patient in each of groups |, lll and
V with ECOGS3. After the statistical analy-
sis, no differences were found between
the groups according to the ECOG index
before the treatment, P > 0.05 (Tab. 5).
In group |, 18 (72%) patients were ad-
mitted for the treatment; they had Kar-
nofsky index 90%. In groups Il and llI,
the majority of patients had also 90% -
14 (70%) and 16 (80%) patients, respec-
tively, in contrast to patients of groups
IV and V, where there were 7 (35%) such
patients in each of them. Only in groups
I, llland V, there was 1 patient in each of
them who had low indices at the time
of admission — the Karnofsky index
was 50%. Comparison of the Karnof-
sky index rates before the treatment be-
tween groups was performed according

to ANOVA. The groups actually differ ac-
cording to this index (Tab. 5). The median
(Me) and interquartile range (Q-Q,) are
given for the Karnofsky index (the distri-
bution law is different from normal). The
comparison was performed according
to the Kruskal-Wallis test.

Thus, during the first stage of study
treatment, 18 (72%) patients of group
| (RT+IT) received a radiation therapy
dose of 40 Gy, 1 (4%) patient received
44 Gy, 4 (16%) patients received 38 Gy,
1 (4%) patient received 34 Gy and 1 (4%)
patient 26 Gy (Tab. 6). Also, all patients
of this group were administered 40 mg
of animmune agent with alpha/beta de-
fensins per course of the treatment.

Patients of group Il (CH/RT+IT) had
chemoradiation therapy against the
background of immunotherapy with an
alpha/beta defensins agent in a total
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dose of 40mg: during the first stage,
14 (70%) of them received 40 Gy of re-
mote gamma therapy, 4 (20%) patients
received 38 Gy, 1 (5%) patient received
36 Gy and 1 (5%) patient received 20 Gy.
The average dose of administered cis-
platin in the group was 125 mg, the mini-
mum and maximum doses were 100 and
200 mg, respectively (Tab. 6).

In group Il (RT+2IT), most (11) of the
patients (55%) also received the planned
treatment — 40 Gy of radiation therapy -
and 1 patient (5%) received 44 Gy. In
4 (20%) patients, the treatment ended at
the first stage with a total dose of RGT
of 38 Gy, and 2 (10%) patients each had
a total focal dose of 36 and 34 Gy.

In group lll, all patients were per-
formed telegamma therapy against the
background of a higher dose of immu-
notherapy with an alpha/beta defensins
agent (60 mg).

Group IV was a comparison group
whose patients received only the radia-
tion component of treatment; 12 (60%)
of them received 40 Gy, 3 (15%) pa-
tients received 38 Gy, 3 (15%) patients
received 36 Gy, 1 (5%) patient received
22 Gy and 1 (5%) patient received 20 Gy
RGT (Tab. 6).

In group V, 9 (45%) patients received
40 Gy of remote gamma therapy, 4 (20%)
patients received 38 Gy, 6 (30%) patients
received 36 Gy, and 1 (5%) patient re-
ceived 34 Gy. The average total dose of
cytostatic in the group was 140mg, the
smallest total dose administered was
80mg per course and the largest was
210mag.

The patients who participated in this
study before the beginning of the treat-
ment were evaluated for systemic cel-
lular (T-cell, NK-cell, T-NK-cell) and hu-
moral (IgG, IgM, IgA) immunity. T-, NK-,
and T-NK-cells were determined in
blood serum with an Epics XL (USA)
flow cytofluorimeter using 10 Test CD3-
-FITC/CD (16*CD56) monoclonal anti-
bodies, and with the use of Beckman
Coulter (USA) reagents. The indices of
humoral immunity - IgG, IgM, IgA -
were determined. Venous blood sam-
pling was performed in the morning, on
an empty stomach, in two separate spe-
cial test tubes. After that, one of them
was centrifuged, blood serum was col-

lected and stored in a refrigeration sys-
tem (freezer) at a temperature of about
—20 °C until the performance of analyt-
ical procedures. The venous blood from
the second test tube was examined for
the quantitative content of T-, NK-, and
T-NK-cells within 24 hours, according to
the implementation protocol.

Evaluation of local cellular and hu-
moral immunity (INF-o, INF-y, IL-6, slgA)
before the beginning of the treatment
was performed by studying these indi-
ces in oral fluid using an Epics XL (USA)
flow cytofluorimeter and a human ELISA
Kit. The saliva collection procedure
was performed in the morning, on an
empty stomach, before oral hygiene and
without the use of stimuli for salivation.
The amount of collected saliva was ap-
prox. 5-10 mL. Saliva samples were also
stored in a refrigeration system in ac-
cordance with the requirements for di-
rect analysis.

All immunological studies were per-
formed on the basis of Research Insti-
tute of Experimental and Clinical Medi-
cine, O. O. Bohomolets National Medical
University.

The study of NK-cell indices before
the treatment among the groups shows
that their concentrations were lowest
in groups lll and IV with median values
232 cells/pL and 235 cells/pL, respec-
tively, and highest in group V with a value
of 390.5 cells/pL. Also, the T-NK-cell con-
centrations in all groups were within
the range 61.5-98 cells/uL (Tab. 7). Ac-
cording to these two indices, no differ-
ences between the groups were found
after the statistical analysis performed
(P > 0.05). However, the difference was
found between groups Il and IlI, as well
as between groups Il and IV according to
the median T-cell index before the treat-
ment (where P < 0.02) because the me-
dian values of the absolute numbers of
T-cells in groups I, lll and IV were 1,382;
928; and 827.5 cells/pL, respectively.

After statistical processing of the me-
dian indices of humoral and cellular im-
munity, no differences between the
groups were found; for details, see Tab. 7.
However, there is a difference between
the groups in the value of IgG before the
treatment — 10.507 and 5.35mg/mL in
groups lll and |, respectively, (P = 0.04).

In other groups, it ranged from 7.09 to
9.945mg/mL.

Statistical method
of data processing
Statistical analysis of the results was per-
formed using the Statistical software
package EZR v. 1.54 (graphical user in-
terface for R statistical software version
4.0.3, R Foundation for Statistical Com-
puting, Vienna, Austria). Statistical anal-
ysis of indices of systemic cellular natu-
ral antitumor immunity was performed
using the IBM SPSS Statistics 23 package.
The distribution of quantitative indi-
ces was tested for normality using the
Shapiro-Wilk test. In a normal distri-
bution, quantitative indices are meas-
ured by the mean = standard deviation
(+ SD), and in the non-normal distribu-
tion - through the median (Me) and in-
terquartile range (Q-Q,). Most of the
parameters were not subject to the nor-
mal distribution law, so non-paramet-
ric criteria were used: the Kruskal-Wallis
criterion and the Dunn or Mann-Whit-
ney test were used for pairwise compari-
sons, taking into account the Bonferroni
correction. The chi-square test was used
to compare qualitative characteristics,
and the posterior comparison was per-
formed according to Fisher’s exact test,
taking into account the Bonferroni cor-
rection. The differences in the groups
were indicated as P with an indication of
the level of significance. The data were
considered to be different at P < 0.05.
The diagrams were provided in the form
of bars with an indication (Cl 95%).

Results

After the completion of the first stage
of radiation or chemoradiation therapy,
we determined the grade of mucositis in
each of the groups. Mucositis phenom-
ena were not observed in 12% of patients
of group |, in 25% of group Il and in 5%
of group Ill until the end of the treatment;
in these groups, 10-44% of patients had
grade | radiation-induced mucositis in
comparison with the absence of such pa-
tientsin group IV and the presence of only
10% of patients in group V. It should be
noted that in groups IV and V, there were
75 and 45% of patients with grade Ill mu-
cositis (Fig. 1, 2), and in groups |, Il and Ill,
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ding to the Dunn test.

Tab. 7. Median values of the indices of systemic cellular (T-cell, NK-cell, T-NK-cell), systemic humoral (IgG, IgM, IgA), local cellu-
lar (INF-a, INF-y, IL-6) and humoral (slgA ) immunity in blood serum and oral fluid to oral cavity and oropharynx cancer before
the study treatment in groups. The Kruskal-Wallis test was used for comparison. Posterior comparisons were performed accor-

T-cell (CD3%), cells/uL

NK-cell (CD37/ CD16*/CD56%), cells/pL
T-NK-cell (CD3*/ CD16*/CD56%), cells/uL
1gG, mg/mL

IgM, mg/mL

IgA, mg/mL

INF-a, pg/mL

INF-y, pg/mL

IL-6, pg/mL

slgA, mg/L

tural killer, RT - radiation therapy

Group | Group lICH/  Group llI
RT+IT RTHIT RT+2IT
N=25 N=20 N=20

1,103 1,3823 9282
279 306 232
84 98 78
5353 7.09 10.507'
0.861 1.035 1.302
2.019 3.756 4.704
0.01 0.563 3.561
1.824 2.251 3.217
3.78 5.39 4.47
274.16 245.02 321.85

-The difference between the groups is statistically significant, P < 0.05.
CH - chemotherapy, ECOG - Eastern Cooperative Oncology Group, IL — interleukin, INF - interferon, IT - immunotherapy, NK - na-

Group IV Group V P
RT CH/RT
N=20 N=20
827.5% 1,093.5 0.002
235 390.5 0.272
79,5 61.5 0.241
9.945 8.889 0.004
1.024 1.004 0.300
3.771 4.534 0.089
0.01 0.564 0.081
2.91 2.196 0.168
5.16 4.605 0.576
263 354.9 0.393

/

Fig. 1. Endophytic tumour of the lateral surface of the tongue
on the right (A); erosion of the lateral surface of the tongue wit-
hout ulceration and bleeding - grade lll radiation mucositis (B).

the numbers of such patients were signifi-
cantly lower — 4, 15 and 10%, respectively.
[t means that in each of the groups where
the combination of the treatment in-
cluded immunotherapy with alpha/beta
defensins, there was a greater propor-

tion of patients with grade Il mucositis,
but less with grade Ill radiation-induced
mucositis (Graph 1). All data in groups are
statistically reliable (P < 0.001).

A detailed search for factors influenc-
ing the risk of the development of grade

Fig. 2. Diffuse erosion, more than 1.5 cm covered with fibrinous
plaque - grade lll radiation mucositis.

Il radiation-induced mucositis was per-
formed by us. For this, the method of
building and analyzing univariate logis-
tic regression models was used. There
were analyzed 24 indices as factor char-
acteristics, namely: use of immunother-
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Graph 1. Indices of radiation mucositis according to its grade in groups of patients with oral cavity and oropharynx cancer after the

first stage of treatment.

apy as a method of accompanying study
treatment, type of treatment - radia-
tion or chemoradiation therapy, age,
gender, ECOG and Karnofsky index be-
fore the beginning of the treatment, lo-
calization, stage, tumor size (T), pres-
ence of regional metastasis (N), nature
of tumor growth, histological differ-
entiation of the tumor, dose of RGT at
the first stage of treatment, dose of re-
gional intra-arterial chemotherapeutic
potentiation, blood parameters before
the treatment, namely T-cells (CD3%),
NK-cells (CD3-CD16*/CD56%), T-NK-cells
(CD3*CD16*/CD56%), IgG, IgM, IgA and
saliva indices before the treatment with
INF-a, INF-v, IL-6, and sIgA. The results of
univariate analysis are shown in Tab. 8.
As a result of the univariate analysis
(Tab. 8), it can be concluded that the re-

duction of the risk of developing grade Il
radiation-induced mucositis is predicted
by several factors: immunotherapy, gen-
der, and blood serum concentrations of
IgGand IgA. A decrease (P <0.001) in the
risk of the development of grade Ill ra-
diation-induced mucositis was revealed
if immunotherapy with alpha/beta de-
fensins (in a total dose of 40 mg) was in-
cluded into the treatment of patients
(RO 0.05; 95% RI 0.02-0.18) compared
with the patients of the groups where
it was not administrated. Also, this ten-
dency is observed when using this im-
mune agent in a total dose of 60 mg
(P=0.001; RO 0.06; 95% RI 0.01-0.30; pa-
tients of group Ill) compared with pa-
tients of the groups without the use of
immunotherapy. The next factor sign
was gender: the risk of the develop-

ment of grade Il mucositis was lower
in men (P = 0.003; RO 0.15; 95% RI 0.04-
0.53) compared to women. An increase
(P 0.024) in the risk of the development
of grade Il mucositis with an increase in
the initial level of IgG serum concentra-
tion was revealed (RO 1.08; 95% RI 1.01-
1.16) for each 1mg/mL, as well as an in-
crease (P = 0.044) in the possibility of the
appearance of grade lll mucositis with an
increase in the serum concentration of
IgA (RO 1.23;95% RI 1.01-1.50) for every
1mg/mL also before the beginning of
the treatment. In this study, we have not
found a connection (P > 0.05) between
the increased risk of the development
of grade lll radiation-induced mucosi-
tis and the type of treatment, the dose
of chemotherapeutic potentiation or ra-
diation therapy, localization, size and dif-
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sitis in patients with cancer of the oral cavity and oropharynx.

Tab. 8. Analysis of univariate logistic regression models for predicting the risk of developing grade Il radiation-induced muco-

Factor sign
immunotherapy IT, none
IT, 40 mg
IT, 60 mg
type of treatment RGT
RGT+IACT
gender female
male
age
Karnofsky index before the treatment
ECOG before the treatment
localization oral cavity
oropharynx
stage of the disease
T (tumor)
N (nodulis)
nature of tumor growth exophyte
endophyte
mixed
histological differentiation of the tumor G1
G2
G3

RGT, dose

chemotherapeutic potentiation, dose

Indices of blood and saliva analysis before the treatment
T-cell (CD3Y), cells/pL

NK-cell (CD3-CD16%/CD56%), cells/uL

T-NK-cell (CD3*CD16*/CD56%), cells/uL

INF-ain saliva, pg/mL

INF-y in saliva, pg/mL

IL-6 in saliva, pg/mL

slgA, mg/L

IgG in blood serum, mg/mL

IgM in blood serum, mg/mL

IgA in blood serum, mg/mL

rence interval, RO - relative odds

Coefficient of the

model, bt m

referential
—2.94+0.62
-2.82 +0.82
referential
0.40£0.43
referential
-1.91 +0.65
0.011 £0.022
—0.031 £ 0.021
0.19+0.43
referential
-0.11+044
043 +£0.34
-0.10+0.33
0.44 £0.27
referential
-0.29+0.70
-0.94+£0.79
referential
0.13+0.49
0.24 £0.65
0.025 £0.052
0.004 + 0.003

—0.0010 + 0.0006
—0.0008 £ 0.0013
—0.0046 + 0.0036
—0.031 +0.064
—0.028 + 0.081
—0.0032 + 0.0082
0.0022 +0.014
0.079 £ 0.031
0.11+0.20
0.20+0.10

Level of the

significance of RO
difference from 1, P

<0.001
0.001

0.355

0.003
0.605
0.150
0.661

0.798
0.203
0.762
0.109

0.680
0.236

0.784
0.700
0.636
0.211

0.064
0.531
0.207
0.634
0.731
0.700
0.114
0.024
0.565
0.044

Model of odds
ratio index, RO
(95% RI)

0.05 (0.02-0.18)
0.06 (0.01-0.30)

0.15 (0.04-0.53)

1.08 (1.01-1.16)

1.23(1.01-1.50)

b - regression coefficient, ECOG - Eastern Cooperative Oncology Group, IACT - intra-arterial chemotherapeutic potentiation,
IL - interleukin, INF — interferon, IT - immunotherapy, m — median, NK — natural killer, RGT — remote gamma therapy, Rl - refe-

~
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Tab. 9. Analysis of a three-factor logistic regression model for predicting the risk of the development of grade Il radiation-indu-
ced mucositis in patients with oral cavity and oropharynx cancer.

Factor sign Coefficient of the
model,b+m
immunotherapy IT, none
IT, 40 mg -2.58 +0.65
IT, 60 mg —347 £1.04
gender female
male -1.51£0.82
IgG index in the blood serum before treatment, mg/mL 0.12+0.05
b - regression coefficient, IT - immunotherapy, m - median, Rl - reference interval, RO - relative odds

Level of the signi-
ficance of RO diffe-
rence from 1, P

Model of odds ratio
index, RO (95% RI)

referential
<0.001 0.08 (0.02-0.27)
0.001 0.03 (0.004-0.24)

referential
0.064 0.22 (0.04-1.09)
0.008 1.13(1.03-1.24)

ferentiation of the tumor and other fac-
tors. Having performed such analysis, it
can be assumed that the use of an im-
mune agent based on alpha/beta de-
fensins during radiation and chemora-
diation therapy reduces the risk of the
development of grade lll mucositis.

During the second stage of the anal-
ysis, a selection of indices significantly
related to the resulting sign was per-
formed by multivariate logistic regres-
sion models in order to identify a set of
signs associated with the risk of the de-
velopment of grade Ill mucositis. The
method of stepwise inclusion/exclu-
sion of factor features was used for the
selection (the inclusion and exclusion
thresholds P < 0.1 and P > 0.2, respec-
tively). When performing the analysis
of 24 factors that can theoretically influ-
ence the development of grade lll radia-
tion-induced mucositis, three independ-
ent characteristics were identified: the
use of immunotherapy, gender, and the
level of serum IgG concentration before
the beginning of the therapy.

The results of the multivariate analysis
(Tab.9) indicate an increase (P = 0.008) in
the risk of the development of grade llI
radiation-induced mucositis with a high
level of serum concentration of IgG be-
fore the treatment or an increase in this
index during the therapy (RO 1.13; 95%
Rl 1.03-1.09) for every 1Tmg/mL (when
standardized by other risk factors). It
was determined that when standard-
ized according to other factors (gen-
der, IgG level), the risk of the develop-

ment of grade Ill mucositis decreases
with the use of the immune agent with
alpha/beta defensins in a total dose of
40 mg per course (P < 0.001; RO 0.08;
95% Rl 0.02-0.27) compared to pa-
tients with oral cavity and oropharynx
cancer who were not treated with im-
munotherapy. The risk of the develop-
ment of grade Ill radiation-induced mu-
cositis also decreases (P = 0.001) in the
use of the immunotherapy in a higher
dose - 60 mg per course (RO 0.03; 95%
Rl 0.004-0.24) compared to patients
treated without the inclusion of immu-
notherapy (standardized according to
other factors).

The three-factor model built on the
selected features is adequate, the area
under the curve of operating character-
istics (Graph 2) AUC = 0.89 (95% Rl 0.82-
0.95), which indicates the presence of
a very strong connection with the risk of
the development of grade lll radiation-
induced mucositis by the above defined
three factors.

The obtained data indicate that im-
munotherapy in both lower and higher
doses leads to a decrease in the risk of
the development of grade Il mucosi-
tis, and this effect is associated precisely
with the immunomodulatory effect of
the agent with alpha/beta defensins,
which consists, in particular, in the ef-
fect on the level of serum concentration
of IgG.

To select the optimal threshold of the
test for predicting the risk of the devel-
opment of grade lll radiation-induced

mucositis in the three-factor model,
the optimization of the Youden index
test was used with the critical threshold
Y_.=0.1247 (Graph 2).

When choosing the optimal test
threshold, its sensitivity is 93.5% (95%
RI 78.6-98%), the specificity is 73.6%
(95% Rl 61.9-83.3%), the predictive sig-
nificance of a positive result is 60.4%
(95% RI 50.7-69.4%), and the prognos-
tic significance of a negative test result is
96.4% (95% RI 87.3-99.0%).

Discussion

The development of radiation-induced
mucositis during chemoradiation ther-
apy of patients with cancer of the oral
cavity and oropharynx is associated with
radiation induction of a reactive im-
mune inflammatory reaction in the mu-
cous membrane of the oropharyngeal
area [13]. The use of modern highly con-
formal irradiation methods is more pro-
tective for the surrounding healthy mu-
cous membrane of the oral cavity and
oropharynx, therefore it is not always
possible to fully investigate and evaluate
changes in such irradiated tissues. And
the use of an older technique of radia-
tion therapy with the use of appropriate
devices such as in our study allows for
more revealing monitoring of changes
in the immune response to radiation.
So far, data on various mechanisms of
the formation of immune inflammation
in response to damaging microbial and
non-microbial factors have been con-
firmed, depending on the type of regula-
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Graph 2. Curve of the operational characteristics of the three-factor model for the pre-
diction of the risk of grade Ill radiation mucositis development in patients with oral ca-

vity and oropharynx cancer.

tory immunocompetent cells, which are
mainly involved in the coordination of
the pathological process development.
Type 1 T-helpers are isolated, which due
to the production of a set of cytokines,
in which the leading role is given to in-
terleukin-2, gamma-interferon and lym-
photoxin, contribute to the maturation
of cytotoxic CD8* T-lymphocytes, po-
larizing the immune response towards
cellular immunity [14]. Instead, type 2
T-helpers produce mostly interleukins
4, 5 and 6, activate B-lymphocytes, pro-
mote the synthesis of immunoglobu-
lins of different classes, thus polarizing
the immune response towards humoral
immunity [15]. At the same time, one of
the leading mechanisms of the known
immunomodulatory effect of immuno-
therapeutic agents used in clinical prac-
tice, including oncology, is precisely the
influence on the process of immune di-
chotomy during the implementation of

the immune response, mediated by the
oppositional functioning of types 1 and
2 T-helpers [10]. In previous controlled
clinical trials, medicines with alpha/beta
defensins demonstrated the ability to
strengthen the cellular link of immunity,
which implies the polarization of the im-
mune response when they are used in
the direction of type 1 T-helpers [16,17].

In particular, in in vitro and in vivo
studies, Kim et al. showed the ability of
beta-defensin in response to MERS-CoV
infection to enhance the production of
a number of antiviral (IFN-B, IFN-y, MxA,
PKR, and RNasel) and primary immune-
-inducing (NOD2, TNF-q, IL-1pB, and IL-6)
molecules, which leads to the activation
and proliferation of monocytes/mac-
rophages, natural killer cells, granulo-
cytes, T-cells, and dendritic cells [18].
This indicates beta-defensin-mediated
modulation of the innate and adap-
tive antiviral immune response. Accord-

ingly, Owusu et al. showed in a con-
trolled clinical study that in patients
with viral hepatitis C, the production of
type 1 T-helper cytokines, especially in-
terleukin 2, is associated with increased
synthesis of both alpha- and beta-de-
fensins [19]. Judge et al. showed that
beta-defensin-3 activates NK-cells and
thereby stimulates the production of
gamma-interferon, a key cytokine in the
polarization of the immune response to
type 1 T-helper cells, through a direct ef-
fect on NK-cells through TLR1, TLR2 and
CCR2 receptors and through the indirect
mechanism including the mDC-depend-
ent activation pathway [20].

On the other hand, the risk of the de-
velopment of radiation-induced mucosi-
tis during study treatment of oral cav-
ity and oropharynx cancer, as shown by
the data of this trial, is highest with in-
creased production of immunoglob-
ulins, namely IgG and IgA molecules,
which indicates the predominant acti-
vation of type 2 T-helpers. Therefore, it
seems obvious that the preventive clin-
ical effect of the medicine of alpha/beta-
defensins regarding the development
of grade Il radiation-induced mucositis
during study treatment in patients with
oral cavity and oropharynx cancer dem-
onstrated in the results of this study that
it is related to the switching-over to im-
mune response from the initial unfa-
vourable prognostic direction, mediated
by type 2 T-helpers, to inflammation reg-
ulated by type 1 T-helpers and, accord-
ingly, associated with a lower frequency
and severity of radiation-induced in-
flammatory reactions of the mucous
membrane of the oropharyngeal area.

Currently, the specified immune
switch from type 2 T-helpers to type 1
T-helpers is described as one of the main
pleiotropic immunomodulatory effects
of a number of immunotherapeutic
agents used in clinical practice both in
the treatment of neoplasia and other im-
mune-dependent human pathologies.

The disadvantages of the used immu-
notherapy agents are the pronounced
pro-inflammatory side effects, as, for ex-
ample, in interferon-alpha medicines [7],
frequent cases of rapid induction of sec-
ondary resistance to the immunother-
apeutic medicine during the course of
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the treatment, e.g. due to the phenom-
enon of N-glycosylation, as it happens
when using interferon-gamma [8], or
the induction of autoimmune reactions
to autoantigens of the connective tis-
sue, internal organs and/or endocrine
glands, typical for human recombinant
interleukin-2 medicines [10].

Potential advantages of alpha/beta
defensins, with similar clinical efficacy
to the above-mentioned immunotropic
medicines, include safety of their use
and rare cases of induction of the resist-
ance [11], which, however, still requires
significant clarification due to the lack of
a sufficient number of large randomized
clinical trials in this area.

Conclusions

As a result of this controlled clinical
study, the additional factors, aside from
radiation, were determined as those af-
fecting the risk of the development
of grade lll radiation-induced mucosi-
tis in patients with oral cavity and oro-
pharynx cancer during study treatment.
These factors comprise the inclusion of
immunotherapy with alpha/beta de-
fensins in the specific treatment, gender,
and baseline levels of serum IgG and IgA
concentrations with a pattern in which
the higher the serum IgG and IgA con-
centrations are before the beginning of
treatment, the greater is the likelihood
of severe radiation-induced mucositis
grade during study therapy.

The results of the study of the humoral
state of the immune system in patients
with oral cavity and oropharynx cancer
before the beginning of chemoradiation
therapy can be used as prognostic risk

factors for the development of severe
gamma-irradiation-induced mucositis
of the oropharyngeal area, as well as an
indication for the use of immunothera-
peutic agents, i.e. alpha/beta defensins,
in particular, that are able to polarize
the immune response towards type 1
T-helpers through their immunomodu-
latory action.

Further clinical studies in this direction
with a more sophisticated design are
needed to clarify the results of this work.

Dedication

This work is a fragment of the scientific-research work“In-
dividualization of treatment for cancer of the organs of
the reproductive system and the gastrointestinal tract by
studying prognostic factors and improving diagnostic
methods’, state registration number 0121U109033.
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