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Results of the study of mucosal immunity 
indices in patients with cancer of the oral 
cavity and oropharynx during radiotherapy 
or chemoradiotherapy therapy and 
immunotherapy with a/ b-defensins

Výsledky studie ukazatelů slizniční imunity u pacientů 
s karcinomem ústní dutiny a orofaryngu během radioterapie  
nebo chemoradioterapie a imunoterapie a/ b-defenziny
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Summary
Background: The aim of the study was to investigate the concentration of interferon (INF)-a, 
INF- g, interleukin (IL)-6, and secretory IgA (sIgA) in saliva during various regimens of antitumour 
treatment and immunotherapy (IT) with a/ b-defensins in patients with cancer of the oral cavity 
and oropharynx in order to find ways to increase the effectiveness and improvement of the 
tolerability of antitumour treatment on the base of the identification of bio markers for the eva-
luation of the antitumour effect and the prediction of complications. Materials and methods: 
We have studied the changes in the immunity indices of 105 patients who were dia gnosed 
with squamous cell carcinoma of the oral cavity or oropharynx for the first time. The patients 
received radiotherapy (RT) or chemoradiotherapy and IT with a/ b-defensins in different doses 
(40 and 60 mg) at the 1st phase of the special treatment. Results: A determined drop in the con-
centration of INF-a after cytostatic treatment, and the additional use of IT with a/ b-defensins 
in different doses do not produce the protective effect on the production of INF-a. Regarding 
INF- g, a more than two-fold decrease in the concentration of INF- g in the saliva of patients in 
group receiving a double dose of an immunotherapeutic agent along with radiation therapy 
(RT) was noted, which may indicate an adjuvant effect of a/ b-defensins in relation to RT, en-
hancing its antitumour influence, and thereby ensuring the regression of neoplasia. In case of 
an increased dose of a/ b-defensins use during RT, there was found immunomodulatory effect 
in relation to IL-6. In the group of patients who received RT and a higher dose of the immune 
agent, the “scissors phenomenon” was noted – a simultaneous decrease in the concentration of 
INF- g and an increase in the concentration of sIgA in saliva, which, taking into account the redu-
ced risk of mucositis and better regression of the tumour, shows the meaningful adjuvant and 
immunomodulating effects of a/ b-defensin therapy in the study group. Conclusion: High-dose 
IT with a/ b-defensins against the background of cytostatic therapy in patients with cancer of 
the oral cavity and oropharynx potentially leads to an adjuvant and immunomodulatory effect 
with a decrease in the concentration of INF- g and a parallel increase in the concentration of 
sIgA in saliva, i.e., reconstruction of the immune response from Th1- to Th2-profile – the profile 
associated with the tumour regression. With the development of the radio-induced mucositis 
in these patients, a decrease in concentration of sIgA in saliva with a tendency to a progressive 
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Introduction
Due to the latest advances in immuno-
-oncology, it has been determined that 
the local antitumour immune response 
is an important factor in controlling the 
growth of the tumour in the human 
body [1]. Therefore, the study of indices 
of local immunity turns out to be an at-
tractive prospect for finding the effective 
bio markers for assessing the severity of 
the patients’ condition and predicting 
the course of an oncological disease. In 
case of cancer of the oral cavity and oro-
pharynx, it is advisable to study indices 
of mucosal immunity of the oropharyn-
geal system [2].

Interferon (INF)-a and INF- g play 
a  key role in the antitumour immune 
response of the human body  [3]. They 
are produced mostly by Th1-cells in the 
area of inflammation, both in response 
to tumour antigens and to the action of 
gamma-rays during therapy, and affect 
the generation and properties of im-

mune and malignant cells  [4]. The bio-
logical effects of interleukin (IL)-6  are 
diverse, but the important thing is that 
this cytokine can be involved into the 
pathogenesis of the tumourigenic pro-
cess, increasing inflammation and an-
giogenesis, which sometimes contrib-
utes to the progression of the tumour 
process and metastasis. IL-6 can partic-
ipate in the formation of tumour resis-
tance to chemotherapy (CHT), which al-
lows some researchers to consider this 
cytokine as a factor in enhanced tumour 
growth [5]. As it is known, the dominant 
class of immunoglobulins in saliva is se-
cretory IgA (sIgA) – an effector of hu-
moral immunity of the mucous mem-
brane of the oral cavity which plays an 
important role in its protection against 
infectious and tumourigenic factors [6]. 
It is believed that the level of sIgA in sa-
liva is a sensitive index of immune-me-
diated diseases, and its dia gnostic value 
in cancer of the oral cavity and orophar-

ynx should be studied in more details in 
the future [7].

An increased level of defensins is 
found in the saliva of patients with oral 
cavity cancer compared to healthy in-
dividuals [8,9]. As it is known, defensins 
are the immune peptides that have anti-
microbial and cytotoxic properties [10], 
and their potential influence on the de-
velopment of the malignant process is 
promising for further scientific study. An 
immunotherapeutic agent containing 
natural a/ b-defensins may be a  useful 
tool in conventional radiotherapy (RT) 
and chemoradiotherapy (CHRT) due to 
its immunomodulatory effect and po-
tential ability to enhance the efficacy of 
immune peptide antitumour therapy. It 
seems appropriate to study the effect of 
a medicine based on a/ b-defensins on 
the indices of local immunity in patients 
with cancer of the oral cavity and oro-
pharynx during RT or CHRT treatment, in 
particular, on the concentration of INF-a, 

decrease of this index with the increase of mucositis severity was noted. The data obtained allow us to consider INF- g and sIgA as bio markers 
of the effectiveness of traditional anticancer therapy during the use of a/ b-defensins, and sIgA as a bio marker of the risk of developing radio-
-induced mucositis in patients with cancer of the oral cavity and oropharynx, which should be verified in further clinical studies with better  
design.
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Souhrn
Východiska: Cílem této studie bylo sledovat koncentrace interferonu (INF)-a, INF- g, interleukinu (IL)-6 a sekrečního imunoglobulinu A (sIgA) ve 
slinách během různých režimů protinádorové terapie a imunoterapie (IT) pomocí a/ b-defenzinů u pacientů s karcinomem ústní dutiny a oro-
faryngu s cílem najít způsob jak zvýšit účinnost a zlepšit snášenlivost protinádorové terapie na základě stanovení bio markerů pro hodnocení 
protinádorového účinku a pro predikci komplikací. Materiál a metody: Zkoumali jsme změny ukazatelů imunity u 105 pacientů, kterým byl po-
prvé dia gnostikován skvamocelulární karcinom ústní dutiny nebo orofaryngu. V 1. fázi speciální léčby pacienti postoupili radioterapii (RT) nebo 
chemoradioterapii a IT pomocí a/ b-defenzinů v různých dávkách (40 a 60 mg). Výsledky: Zjištěný pokles koncentrace INF-a po léčbě cytostatiky 
a následné využití IT pomocí preparátu s a/ b-defenziny v různých dávkách nemá na tvorbu INF-a protektivní účinek. Co se týká INF- g, ve slinách 
pacientů ze skupiny, která spolu s radioterapií dostávala dvojnásobnou dávku IT, byl zaznamenán více než dvojnásobný pokles koncentrace 
INF- g, což může indikovat adjuvantní efekt a/ b-defenzinů při RT, zvýšení jejího protinádorového působení a tedy zajištění regrese nádoru. 
V případě zvýšené dávky a/ b-defenzinů během RT byl ve vztahu k IL-6 pozorován imunomodulační efekt. Ve skupině pacientů, kteří podstoupili 
RT a dostávali vyšší dávky IT, byl pozorován tzv. nůžkový efekt, tj. současný pokles koncentrace INF- g a zvýšení koncentrace sIgA ve slinách, což 
svědčí o významném adjuvantním a imunomodulačním účinku, pokud vezmeme v úvahu snížené riziko mukozitidy a lepší regresi tumoru. Závěr: 
IT s vysokými dávkami a/ b-defenzinů na podkladě terapie cytostatiky u pacientů s karcinomem ústní dutiny a orofaryngu potenciálně vede k ad-
juvantnímu a imunomodulačnímu účinku při poklesu koncentrace INF- g a k současnému zvýšení koncentrace sIgA ve slinách, tj. k rekonstrukci 
imunitní odpovědi z profilu Th1 na profil Th2, který je spojený s regresí tumoru. Při rozvoji mukozitidy vyvolané radioterapií byla u těchto pa-
cientů zaznamenána snížená koncentrace sIgA ve slinách s tendencí k progresivnímu snížení tohoto ukazatele se zvyšující se závažností mukozi-
tidy. Získaná data nám umožnila posoudit INF- g a sIgA jako bio markery účinnosti tradiční protinádorové terapie během podávání a/ b-defenzinů 
a sIgA jako bio markery rizika rozvoje mukozitidy vyvolané radioterapií u pacientů s karcinomem ústní dutiny a orofaryngu, což je třeba ověřit 
v dalších klinických studiích s lepším designem. 

Klíčová slova
karcinom – ústní dutina – orofarynx – imunoterapie – regrese – interferon-a – interferon- g – sekreční immunoglobulin A
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group II, including 9 (45%) with tongue 
cancer, 8 (40%) patients were in group III 
(half of them had cancer of the oral cav-
ity), 10 (50%) patients were in group IV 
and 11 (55%) patients were in group V. 
Nine (36%, 45%, 45%) patients in groups 
I, III, IV, and 6 (30%) and 7 (35%) patients 
in groups II and V had stage IV disease. 
According to the analysis performed, 
no differences were found between the 
groups according to the stage of tumour 
disease (P  >  0.419); the groups were 
compared by this characteristic.

In 82  (78.1%) patients, the spread of 
the tumour to the regional lymph nodes 
was confirmed by a puncture bio psy of 
the lymph node, ultrasound, multi-slice 
spiral computed tomography or mag-
netic resonance imaging (MRI) exami-
nations. The majority of patients with 
N1 were in group II – 14 (70%) patients, 
and the least in group IV – 7 (35%) pa-
tients. Regional metastasis of cancer of 
the oral cavity and oropharynx, which 
was interpreted as N2, occurred most 
often in group IV – 8 (40%) patients, and 
the least in group II – 4 (20%) patients. 
In groups I and III, there was one patient 
with N3, and 2 (10%) patients in group 
IV. Having performed the analysis ac-
cording to the chi-square test, it was 
determined that the groups were com-
pared according to the rate of metastasis 
to the regional lymph nodes (P > 0.442).

RT with ionizing radiation was per-
formed using the device Cobalt-60  at 
a dose of 2–2.5 Gy per session up to the 
total dose (TD) of 36–40 Gy. CHT treat-
ment consisted of retrograde intra-ar-

In the study, the enrollment of patients 
and the distribution between groups 
was carried out depending on the indi-
cated method of treatment (RT or CHRT) 
at the department of head and neck tu-
mours of Communal Non-Profit Enter-
prise “Precarpathian Clinical Oncology 
Center of the Ivano-Frankivsk Regional 
Council” during the years 2017–2021.

Thus, the research groups were: 
I (RT-IT), II (CHRT-IT) and III (RT-2IT); the 
comparison groups were: IV (RT) and 
V (CHRT). Twenty-five patients of group 
I (RT-IT) received RT and IT with a/ b-de-
fensins at the 1st phase of special treat-
ment in a total dose of 40 mg per course. 
Twenty patients of group II (CHRT-IT) 
had RT with intra-arterial cisplatin po-
tentiation and IT at a  dose of 40 mg. 
Group III (RT-2IT) included 20  patients 
who received RT and the immune agent 
of a/ b-defensins in a total dose of 60 mg.

According to the localization, in our 
study, the percentages of patients with 
oropharyngeal cancer and oral cavity 
cancer were 36% and 64%, respectively 
(Tab. 1). The groups were compared by 
tumour localization using the chi-square 
test (P > 0.05).

According to the international clas-
sification of TNM-8  (AJCC, 2017), there 
were 94  (89.5%) patients in an exten-
sive-degree of the disease (stage III and 
IV), and 11 (10.5%) patients had stages 
I–II (Tab. 2). Stage III of the disease was 
most common in each of the groups: 
9  (36%) patients were in group I  and 
most of them had localization in the 
oropharynx, 13  (65%) patients were in 

INF- g, IL-6, sIgA in saliva, which are im-
portant indices of mucosal immune pro-
tection of the human body.

The aim of the work is to study the 
concentration of INF-a, INF- g, IL-6, sIgA 
in saliva during different regimens of an-
ticancer treatment and immunotherapy 
(IT) with a/ b-defensins in patients with 
cancer of the oral cavity and orophar-
ynx in order to find the ways to increase 
the effectiveness and improve the tol-
erability of anticancer treatment due to 
the identification of bio markers for the 
evaluation of the antitumour effect and 
the prediction of complications.

The tasks of the study are: 1) to study 
the concentrations of INF-a, INF- g, IL-6, 
sIgA in saliva during various regimens 
of antitumour treatment and IT with 
a/ b-defensins; 2) to study the concentra-
tions of INF-a, INF- g, IL-6, sIgA in saliva 
during the development of chemo radio-
therapy-induced mucositis of the oral 
mucous membrane; 3) to evaluate the 
possibility of using the studied labora-
tory indices as bio markers of the effec-
tiveness of the treatment and preven-
tion of complications.

The endpoints of the study are: 1) dif-
ferences in the concentration of INF-a, 
INF- g, IL-6, sIgA in saliva in different 
groups of patients with different modes 
of cytostatic therapy and IT; 2) devel-
opment of mucositis induced by RT or 
CHRT.

The null hypothesis: the indices of 
mucosal immunity may reflect the use 
of both RT or CHRT and IT with a/ b-de-
fensins, and may also be associated with 
tumour regression in response to the 
treatment and the development of mu-
cositis as a complication of RT or CHRT, 
which may be used to evaluate the ef-
fectiveness and tolerability of the ap-
plied therapeutic strategies and predict 
the further course of the disease.

Materials and methods
This is a prospective, single-center, non-
randomized, controlled, comparative 
study. The study of changes in indices 
of humoral immunity was performed 
including 105 patients who were dia g-
nosed with squamous cell cancer of the 
oral cavity or oropharynx for the first 
time. 

Tab. 1. Disposition of patients in groups depending on localization.

Groups
Oral cavity Oropharynx

Р
abs. % abs. %

group І (RТ+ІТ) 13 52 12 48

0.308

group ІІ (CHRТ+ІТ) 14 70 6 30

group ІІІ (RТ+2ІТ) 11 55 9 45

group ІV (RТ) 13 65 7 35

group V (CHRТ) 16 80 4 20

Total 67 64 38 36

% – frequency, abs. – absolute number of patients, CHRT – chemoradiotherapy,  
T – immunotherapy, RT – radiotherapy
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All patients with different doses of RT 
and cytostatics received the planned 
treatment at the 1st phase, the median 
values of which are given in Tab. 3.

At the end of the 1st phase of special 
treatment, we have recorded the pres-
ence of one or another degree of mu-
cositis in the oral cavity or oropharynx 
(Graph 1). Thus, in 12% of patients of 
group I, 25% of group II and 5% of group 
III, the phenomena of mucositis were 
not observed until the end of the treat-
ment; degree I mucositis was present in 

a dose of 2.0 mL twice a day 2 days be-
fore the start of the special treatment 
for 5 days and in the following 10 days 
during the treatment once a  day, with 
TD of 40 mg per course. Patients of 
group III (RT-2IT) were intramuscularly 
administered a  larger dose of the im-
mune agent, 60 mg per course, accord-
ing to the scheme of 2.0 mL twice a day 
2  days before the start of the special 
treatment for 10  days and once a  day 
in the following 10  days during the  
treatment [12].

terial (through the superficial tempo-
ral artery on one or both sides or the 
external carotid artery) potentiation 
with cisplatin. The scheme of its intro-
duction was as follows: single dose 
(SD) 20 mg/ m2  within 5  days from the 
day of the beginning of RT [11]. IT with 
a/ b-defensins was performed accord-
ing to two schemes, the difference be-
tween them was the total dose received 
by the patients. Patients of groups I (RT-
IT) and II (CHRT-IT) were intramuscu-
larly injected an immune preparation at 

Tab. 2. Disposition of patients with cancer of the oral cavity and oropharynx according to the international TNM-8  
classification [37].            
 

Staging Group І  
RТ-ІТ  

N = 25

Group ІІ  
CHRТ-ІТ  
N = 20

Group ІІІ  
RТ-2ІТ  
N = 20

Group ІV
RТ  

N = 20

Group V  
CHRТ
N = 20

Total

аbs. % аbs. % аbs. % аbs. % аbs. % abs.

T1N0M0 І 1 4 1

T1N1M0 ІІІ 1 5 1

T2N0M0 ІІ 5 20 1 5 2 10 1 5 9

T2N1M0 ІІІ 1 5 2 10 3 15 6

T2N2M0 ІVa 1 4 1 5 1 5 3

T3N0M0 ІІІ 2 8 1 5 2 10 2 10 4 20 11

T3N1M0 ІІІ 7 28 12 60 6 30 5 25 3 15 33

T3N2M0 ІVa 2 8 2 10 4 20 5 25 3 15 16

T3N3M0 ІVb 1 5 1 5 2

T4аN0M0 ІVa 1 5 1 5 2

T4аN1M0 ІVa 3 12 2 10 3 15 3 15 11

T4аN2M0 ІVa 3 12 2 10 3 15 1 5 9

T4аN3M0 ІVb 1 4 1

% – frequency, abs. – absolute number of patients, CHRT – chemoradiotherapy, IT – immunotherapy, RT – radiotherapy 

Tab. 3. Characteristics of patients in groups. The median and the interquartile range (QI–QIII) are given for indices (distribution 
law other than normal). The comparison was performed using the Kruskal-Wallis test. 

1st phase of special 
treatment

Group І
RТ-ІТ 

N = 25

Group ІІ
CHRТ-ІТ
N = 20

Group ІІІ
RТ-2ІТ 
N = 20

Group ІV RТ
 N = 20

Group V CHRТ
N = 20

The level of 
significance of 
the difference

P

ERT dose, Gy 40 (39.5–40) 40 (38–40) 40 (36–40) 40 (37–40) 38 (36–40) 0.267

cisplatin dose, mg 100 (100–175) 152.5 (100–172.5) 0.616

CHRT – chemoradiotherapy, EBRT – external beam radiotherapy, Gy – gray, IT – immunotherapy, RT – radiotherapy 
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ing received RT and IT. The results of 
groups IV and V are significantly differ-
ent in comparison, and the lowest aver-
age index is in group IV, having received 
only RT (Graph 2).

Research methodology
Before the initiation of special treat-
ment, saliva was sampled from patients 
to determine the initial levels of INF-a, 
INF- g, IL-6, and sIgA. Re-sampling of bio-
material was carried out on the day after 
the end of IT in research groups (I and II), 
on average after a dose of 20 Gy, which 
was also an index for saliva sampling 
in the comparison groups (IV and V). In 
group III, where the scheme of IT was dif-
ferent, the collection of bio material was 
done after 26 Gy.

The saliva collection procedure was 
per formed in the morning, on an empty 
stomach, before oral hygiene and with - 

and compared with the initial data of the 
patients, and tumour regression was re-
corded at the end of the 1st phase of spe-
cial treatment.

After completion of the treatment, tu-
mour regression was  >  50% in 40% of 
patients of group I, and in 63% in groups 
II and III. Also, only in these groups re-
ceiving special treatment and IT, tu-
mour regression was  >  75% (Graph 2). 
The median value of the regression 
index for groups I, II and III is the same – 
50%, and the interquartile ranges differ 
slightly: 37.5–70% for group I, 40–57.5% 
for group II and 40–55% for group III. In 
groups IV and V, the median value with 
interquartile ranges was slightly lower – 
30% (22.5–40%) and 40% (30–50%), re-
spectively. According to these data, re-
liable indices of tumour regression are 
between groups I, II, III and IV (P < 0.004). 
The best results are in the group hav-

44% patients of group I, 10% patients of 
group II, 35% patients of group III and 
10% patients in group IV. There were no 
such patients in the comparison group. 
It is worth noting that in groups IV and 
V, there were 75% and 45% of patients 
with degree III mucositis; in groups I, II 
and III, the ratios of such patients were 
significantly lower 4%, 15%, and 10%, 
respectively, which clinically attests to 
high-quality use of IT with a/ b-defensins 
in the treatment. This means that in the 
groups where the combination of treat-
ment included IT with a/ b-defensins, 
there was a  greater proportion of pa-
tients with degree II mucositis, but less 
with degree III mucositis (Graph 1). The 
data of all groups were statistically sig-
nificant (P < 0.001).

According to the data of clinical exam-
ination, ultrasound examination, CT and 
MRI, the size of the tumour was assessed 
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CHRT – chemoradiotherapy, IT – immunotherapy, RT – radiotherapy

Group II CHRT-IT Group V CHRTGroup III RT-2IT Group IV RT

Graph 1. Indices of mucositis according to the degree in groups of patients with cancer of the oral cavity and oropharynx after the 
1st phase of treatment.
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to compare the qualitative characteris-
tics, and the posterior comparison was 
carried out according to Fisher’s exact 
test, taking into account the Bonferroni 
correction. The differences in groups 
were indicated as P-value with an indi-
cation of the level of significance. The 
data were considered to be different  
at P < 0.05.

Results
We have performed evaluation of the 
concentrations of INF-a, INF- g, IL-6, 
and sIgA in the saliva of patients with 
cancer of the oral cavity and orophar-
ynx of the studied groups receiving 
various regimens of cytostatic treatment 
with/ without IT with a/ b-defensins.

4.0.3, R Foundation for Statistical Com-
puting, Vienna, Austria).

The distribution of quantitative in-
dices was tested for normality using 
the Shapiro-Wilk test. In case of nor-
mal distribution, quantitative indi-
ces are expressed through the mean 
value ±  standard deviation (SD), and 
in case of a  non-normal distribution – 
through the median and the interquar-
tile range (QI–QIII). Most of the param-
eters were not subjected to the normal 
distribution law, therefore, non-para-
metric criteria were used: Kruskal-Wal-
lis test, for pairwise comparisons, Dunn 
or Mann–Whitney test was used, tak-
ing into account the Bonferroni cor-
rections. The chi-square test was used 

out the use of stimuli for salivation. The 
amount of collected saliva was approx-
imately 5–10  mL. Saliva samples were 
stored in a refrigeration system (freezer) 
at a temperature of about −20 °C until 
analytical procedures were carried out 
at O.O. Bogomolets National Medi-
cal University, Scientific-Research Insti-
tute of Experimental and Clinical Med-
icine. Immunological studies of oral 
fluid were performed using an Epics 
XL flow cytofluorimeter with the use of 
“Vector-Best” reagents and an ELISA Kit  
(FINETEST).

Statistical analysis of the results was 
performed using the Statistical software 
package EZR v. 1.54  (graphical user in-
terface for R statistical software version 
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Graph 2. Comparative dynamics of tumour regression in patients of all groups who completed the 1st phase of special treatment.
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antitumour effect and thereby ensur-
ing the regression of neoplasia, or tu-
mour growth and/ or increased immu-
nosuppression. The better indices of 
tumour regression after the 1st phase of 
treatment (Graph 1) in the observation 
group III confirm the above mentioned 
assumptions regarding the adjuvant ef-
fect of the immunotherapeutic agent 
based on a/ b-defensins. Since mucosi-
tis of the mucous membrane of the oral 
cavity, provoked by special treatment, 
was less common in this group, it could 
be assumed that due to the adjuvant ef-
fect of a/ b-defensins and weakening of 
the cytotoxic immune antitumour re-
sponse due to tumour regression, it 
was possible to reduce the risk of in-
flammatory complications in the oral 
cavity. Since this group had better re-
sults of tumour treatment, i.e., more 
pronounced tumour regression, it can 
be assumed that the decrease in INF- g 
production is not a consequence of an 
increase in radiation-induced immu-
nosuppression, but of a decrease in an-

antitumour immune response despite 
the immunosuppressive effects of the 
therapeutic interventions. However, the 
results obtained do not allow to confirm 
the null hypothesis.

As for INF- g, there were no significant 
differences in the concentrations in sa-
liva before and after cytostatic therapy 
in groups I, II, IV, and V, but there was 
a more than two-fold drop in the con-
centration of INF- g in the saliva of pa-
tients in group III receiving an increased 
dose of the immunotherapeutic agent 
along with RT. Since the production of 
INF- g is a  consequence of the imple-
mentation of a specific cytotoxic cellular 
immune response against tumour anti-
gens, the preservation of the secretion 
of this cytokine may indicate the pres-
ervation of the intensity of the cellular 
immune reaction in response to malig-
nant cells. A sharp decrease in the con-
centration of INF- g in the saliva of group 
III patients may indicate either that an in-
creased dose of a/ b-defensin exerts an 
adjuvant effect upon RT, enhancing its 

Since the mean values turned out to be 
unrepresentative due to the non-stand-
ard distribution of the variants of a num-
ber of values, we have determined the 
median value of the indices and the 
corresponding interquartile intervals 
(Tab. 4)

As can be seen from Tab.  4, RT and 
CHRT lead to almost complete inhibi-
tion of INF-a production by the oral mu-
cous membrane. An increase in the con-
centration of INF-a in groups II, III, and 
V before the start of the treatment can 
be considered as the manifestation of 
immunoreactivity – the response of the 
immune system to the tumour. The drop 
in these concentrations indicates the 
well-known immunosuppressive effect 
of RT and CHRT. Concerning INF-a pro-
duction, additional use of IT with a/ b-de-
fensins in different doses does not have 
a protective effect. We’ve tested whether 
the addition of the immune agent a/ b-
defensins could preserve INF-a produc-
tion during cytostatic treatment, po-
tentially indicating preservation of the 

Tab. 4. Median values and interquartile ranges (QI–QIII) of INF-α, INF-γ, IL-6, sIgA in saliva in patients with cancer of the oral 
cavity and oropharynx before and after immunotherapy in groups. The Kruskal-Wallis test was used for comparison, and the 
Dunn test was used for posterior comparisons.        

Group I
RТ-ІТ 

N = 25

Group II  
CH/RТ-ІТ

N = 20

Group III  
RТ-2ІТ
N = 20

Group IV
RТ

N = 20

Group V  
CH/RТ
N = 2 0

P

INF-α
before 0.01 

(0.0100–2.015)
0.563 

(0.0100–1.266)
3.561 

(0.765–5.067)
0.01 

(0.0100–0.196)
0.564 

(0.149–0.628) 0.081

after 0.01 
(0.0100–0.644)

0.01 
(0.0100–0.0100)

0.01 
(0.0100–1.531)

0.01 
(0.0100–0.0100)

0.01 
(0.0100–0.0100) 0.134

INF-γ
before 1.824 

(1.405–2.245)
2.251 

(1.727–3.947)
3.217 

(2.189–3.612)
2.91 

(2.542–3.833)
2.196 

(1.055–3.551) 0.168

after 1.41 
(0.224–2.590)

2.092 
(0.820–2.845)

1.211 
(0.666–3.580)

2.264 
(1.586–10.308)

2.146 
(1.241–2.788) 0.576

IL-6
before 3.78 

(2.605–11.695)
5.39 

(2.965–66.845)
4.47 

(2.978–31.147)
5.16 

(3.64–11.7)
4.605 

(2.97–6.78) 0.576

after 6.53 
(3.145–17.745)

4.32 
(2.543–39.798)

4.66 
(2.775–25.072)

6.35 
(2.79–38.128)

4.86 
(4.437–22.685) 0.975

sIgA
before 274.16 

(161.64–431.31)
245.02 

(110.88–394.955)
321.85 

(217.28–519.93)
263 

(213.1–424.145)
354.9 

(199.01–509.7) 0.393

after 336.7 
(285.86–389.51)

261.76 
(193.91–427.395)

406.4 
(277.39–546.22)

317.6 
(56.71–438.53)

335.2 
(180.88–427.9) 0.363

CHRT – chemoradiotherapy, Gy – gray, IL – interleukin, INF – interferon, IT –immunotherapy, RT – radiotherapy, sIgA – secretory  
immunoglobulin A       
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opment of the humoral response, in-
cluding the production of sIgA, may in-
dicate the remission of the malignant 
tumour. In group III, the “scissors phe-
nomenon” was recorded – a  simulta-
neous decrease in the concentration of 
INF- g and an increase in the concentra-
tion of sIgA in saliva, which, taking into 
account the reduced risk of mucosi-
tis and better tumour regression, in-
dicates the pronounced adjuvant and 
immunomodulatory effects of ther-
apy with a/ b-defensins in the patients 
of the study groups. Therefore, the ad-
ditional use of a/ b-defensins in an in-
creased dose (60 mg) has clinical signif-
icance in terms of treatment results and 
prevention of complications in patients 
with cancer of the oral cavity and oro-
pharynx during conventional antican-
cer therapy. However, a  smaller dose 
(40 mg) of the medicine with a/ b-de-
fensins did not demonstrate similar ad-
juvant and immunomodulatory effects, 
which indicates a dose-dependent man-
ner of their implementation in the ob-
servation groups.

During the analysis, there was found 
no connection between the level of the 
analyzed indices after treatment and 
the severity of mucositis at the end of 
the treatment (P > 0.05 for all indices), 
but a certain trend was noted. The study 
of indices of local mucosal immunity in 
groups of patients with cancer of the 
oral cavity and oropharynx who had dif-
ferent degrees of mucositis at the end 
of treatment indicates a progressive de-
crease in the concentration of sIgA with 
the increasing severity of mucositis, 
which indicates the potential possibility 
of using sIgA as a marker of the risk of 
developing mucositis (Tab. 5).

When analyzing the changes (Tab. 6), 
i.e., the difference in indices before and 
after the treatment (dX = Xi after – Xi be-
fore, i.e. a  decrease in the index (with 
the sign −), and an increase in the index 
(with the sign +), depending on the se-
verity of mucositis at the time of treat-
ment completion, no connection was 
found between the change in the level 
of the analyzed indices and the sever-
ity of mucositis (P > 0.05 for all indices). 
Graph 3  shows the median value, in-
terquartile range, minimum and max-

effects of a/ b-defensins in patients with 
cancer of the oral cavity and oropharynx 
during cytostatic therapy.

Regarding the concentration of sIgA 
in saliva, no significant differences were 
found in patients before and after ther-
apy in all observation groups, except for 
group III, where an increase in the con-
centration of sIgA in saliva was deter-
mined, which indicated an increase in 
humoral local mucosal immunity and, 
possibly, potentiation of local antitu-
mour resistance (Tab. 4). As it is known, 
the cytotoxic cellular immune response 
characterized by INF- g indicates the ex-
acerbation of the tumour process, and 
its reduction with the parallel devel-

tigenic irritation of the immune sys-
tem due to a  reduction in the size of 
the tumour because of an increase in 
the clinical effectiveness of antitumour  
therapy.

For the most part, there was no signifi-
cant dynamics of IL-6 concentration in sa-
liva before and after therapy in different 
observation groups (Tab. 4). It is worth 
noting a certain increase in the concen-
tration of IL-6 in the saliva of the studied 
groups, which could indicate the risk of 
tumour progression. However, increas-
ing the dose of a/ b-defensins eliminated 
this effect in the observation group III, 
which may indicate dose-dependent 
differences in the immunomodulatory 

Tab. 5. Levels of INF-α, INF-γ, IL-6, sIgA indices in saliva after immunotherapy de-
pending on the degree of mucositis at the end of treatment. The Kruskal-Wallis 
test was used for comparison.

Degree 0– I 
mucositis

 N = 30

Degree II 
mucositis 

N = 38

Degree III 
mucositis

 N = 29
Р

INF-α 0.01 
(0.01–0.01)

0.01 
(0.01–0.01)

0.01 
(0.01–0.01) 0.681

INF-γ 1.238  
(0.666–2.492)

2.534  
(1.409–4.047)

1.647  
(0.891–3.965) 0.352

IL-6 4.175 
(2.525–20.26)

6.8
(3.5–32.925)

4.57
(3.165–12.115) 0.174

sIgA 329.1 
(184.61–453.34)

344.8 
(281.675–439.5)

352.18 
(132.475–436.78) 0.471

IL – interleukin, INF – interferon, sIgA – secretory immunoglobulin A

Tab. 6. Analysis of levels δINF-α, δINF-γ, δIL-6, δsIgA in saliva depending on the 
degree of mucositis at the end of treatment. The Kruskal-Wallis test was used for 
comparison.

Degree 0– I 
mucositis

 N = 30

Degree II 
mucositis 

N = 38

Degree III 
mucositis

 N = 28
Р

δINF-α −0.379 
(−1.035–0)

0  
(−1.388–0)

0 
(−1.041–0) 0.860

δINF-γ −0.473 
(−2.833 – 0.571)

−0.287 
(−0.961 – 0.615)

−0.806 
(−1.755 – 0.673) 0.684

δIL-6 −0.6 
(−17.04–4.63)

2.19
(−2.05–21.41)

0.94 
(−0.953–3.552) 0.251

δsIgA 86.54 
(−44.02–216.92)

70.17 
(−52.02–155.6)

−15.8 
(−188.575–74.075) 0.067

IL – interleukin, INF – interferon, sIgA – secretory immunoglobulin A
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to achieve this effect, a balance of pos-
itive and negative effects of IFN- g is 
necessary, taking into account many 
other factors [18]. The results of one of 
the studies confirm that RT dose-de-
pendently increases the concentration 
of IFN- g in blood serum in 88% of pa-
tients with squamous cell carcinoma of 
the esophagus who were completely 
cured [19]. But in patients with oral cav-
ity cancer; however, this theory is not 
absolutely confirmed, and there is cur-
rently no accurate information about the 
role of this cytokine in the development 
of oral cavity or oropharyngeal cancer. 
In one of the studies, it was determined 
that the production of IFN- g by malig-
nant cells is significantly reduced after 
RT [20], and in another trial, it was deter-
mined that after CHRT treatment, there 
is an increased synthesis of IFN- g in the 
mucous membrane of patients with can-
cer of the oral cavity and oropharynx in 
comparison with the condition before 

tion groups after the course of therapy 
is quite low, although it was slightly in-
creased in some groups before the start 
of treatment, which could be considered 
as a manifestation of immunoreactivity. 
We’ve made an attempt to find an agent 
influencing the production of IFN-a in 
saliva to potentiate the antitumour re-
sponse mediated by interferons, how-
ever, as it turned out, a/ b-defensins do 
not contribute to the increased synthe-
sis of this cytokine or to the preservation 
of such synthesis during RT and CHRT 
exposure in patients with cancer of the 
oral cavity and oropharynx.

IFN- g is a strong activator of NK-cells 
and CD8+ cytotoxic T-cells, and it has 
pleiotropic effects in the tumour micro-
environment [17]. Radiotherapy causes 
inflammation in which IFN- g definitely 
plays an important role. During the tu-
mour process, the production of IFN- g 
usually increases, which can mediate 
an effective antitumour response, but 

imum value, and revealed a  trend to-
wards a  decrease in the concentration 
of sIgA in saliva with increasing severity 
of mucositis at the end of the treatment 
(P = 0.016 according to the Jonckheere-
Terpstra criterion).

As it is shown in Tab. 4–6, the IT with 
a/ b-defensins in an increased dose due 
to the effect of immunomodulation in-
cluding a  simultaneous decrease in 
INF- g production and an increase in 
sIgA production, i.e., a  restructuring of 
the immune response from the Th1- 
-pathway to the Th2-pathway, was asso-
ciated with a reduced risk of severe mu-
cositis during conventional anticancer 
therapy. The concentration of INF-a and 
IL-6 in saliva did not change with differ-
ent severity of mucositis, and this does 
not allow this index to be considered an 
informative marker for predicting this 
complication in patients of the studied  
groups.

Discussion
The local effect of gamma rays on the 
tumour modifies its microenvironment 
and promotes the generation of pro-
inflammatory cytokines, including the 
most important anti-proliferative agents 
– interferons (IFN-a, IFN- g) promoting 
a  persistent immune response against 
the tumour  [4]. IFN-a is important for 
the activation of the innate and adaptive 
immune antitumour response, which is 
regulated by T-cells [13]. Induction of in-
terferons has been found to be impor-
tant in tumour shrinkage in response to 
RT in several studies  [14,15]. However, 
despite the expected increase in the pro-
duction of interferons in response to ex-
ternal beam RT, it was found that in pa-
tients with cancer of the oral cavity and 
oropharynx at the salivary level, there is 
a several-fold decrease in the level of an-
tibodies to INF-a, which paradoxically 
has a negative influence on local antitu-
mour protection [16]. Therefore, the re-
sults of research regarding the influence 
of locally produced INF-a in cancer of 
the oral cavity and oropharynx are am-
biguous, since this cytokine can both in-
hibit and stimulate tumour growth de-
pending on specific conditions. In this 
study, it was shown that the concentra-
tion of INF-a in saliva in the observa-

Graph 3. Change in secretory IgA level for different degrees of mucositis at the end of 
the treatment.
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sion during the performance of the con-
ventional anticancer treatment. With the 
increase of inflammatory phenomena in 
the mucous membrane of the oral cav-
ity, the deficiency of sIgA in saliva deep-
ened, which corresponds to the results 
of other studies in this area (Tab.  4,5). 
Therefore, the result in the observation 
group III, which was achieved under the 
influence of a/ b-defensins – an increase 
in the concentration of sIgA in saliva – 
indicates a  positive prognosis in pa-
tients with cancer of the oral cavity and 
oropharynx. The study of sIgA as a bio-
marker in oncology patients is promis-
ing for further scientific research, taking 
into account the possibility of correcting 
the concentration of sIgA in saliva dur-
ing adjuvant IT, which can improve the 
prognosis by influencing both the de-
velopment of local complications of RT 
and the further course of oncological 
disease.

Although there have been numerous 
attempts to evaluate sIgA, INF-a, INF- g 
as bio logical markers in oral cavity and 
oropharyngeal cancer, no convincing 
evidence has been found for the rou-
tine use of these indices in clinical prac-
tice, despite the encouraging results 
of individual studies. The results of this 
work strengthen the evidence base for 
the feasibility of assessing local mu-
cosal immunity in patients with cancer 
of the oral cavity and oropharynx un-
dergoing various RT and CHT regimens. 
In particular, it has been shown that 
these indices can indicate both tumour 
regression under the influence of cyto-
static therapy and the immunosuppres-
sive effect of these treatment methods, 
as well as indicate the risk of develop-
ing mucositis, which needs to be clari-
fied in further studies with a larger num-
ber of participants and a better design. 
It also seems obvious that the use of 
high-dose IT with a/ b-defensins exerts 
an immunomodulatory effect on local 
mucosal immunity within the studied 
indices; this could be associated with an 
improvement of the effectiveness and 
tolerability of RT for patients with can-
cer of the oral cavity and oropharynx. 
These adjuvant and tolerogenic effects 
of IT with a/ b-defensins should be in-
vestigated in additional studies to find 

an increased dose reduces the concen-
tration of IL-6 in saliva, which could be 
explained by the adjuvant effect of im-
munotherapeutic interventions.

The results of previous studies indi-
cate different concentrations of sIgA 
in saliva in patients with cancer of the 
oral cavity and oropharynx  [25–27]. 
When using different methods of meas-
urement, the levels of sIgA in can-
cer patients are significantly lower [28] 
than in healthy people (they are in the 
range 4–40  μg/ mL)  [7]. The results of 
one study showed that sIgA concentra-
tions measured by nephelometry were 
17.0 ± 10.4 mg/ dL in healthy individuals 
and 7.2 ± 5.0 mg/ dL in patients with can-
cer of the oral cavity and oropharynx, 
and when using radial immunodiffu-
sion measurement methods, they were 
13.7 ± 9.1 mg/ dL and 5.6 ± 4.2 mg/ dL for 
healthy people and patients with can-
cer of the oral cavity and oropharynx, 
respectively [29,30]. No correlation was 
found between sIgA concentration and 
patient-related parameters such as clin-
ical stage, histological tumour type, and 
the presence of lymph node metastases 
before the treatment [29,31].

Some authors have hypothesized 
that the reduced sIgA level may be as-
sociated with the increased mortality 
in cancer patients due to the attenua-
tion of the humoral immune response 
against the tumour [32]. Moreover, a de-
crease in the concentration of sIgA in-
creases the risk of inflammatory com-
plications in the mucous membrane, 
including mucositis  [33,34]. A  signifi-
cant decrease in the concentration of 
sIgA was found in sick children who suf-
fered from a malignant disease, and low 
values were associated not only with the 
disease, but also with the development 
of mucositis induced by CHRT [35]. The 
phenomenon of a decrease in the con-
centration of sIgA in patients with can-
cer of the oral cavity and oropharynx 
and deepening of the sIgA deficiency 
in the development of mucositis is con-
sidered as an unfavourable prognostic 
factor. This study demonstrated an in-
crease in the concentration of sIgA in sa-
liva with the addition of a/ b-defensins in 
an increased dose, which was associated 
with more pronounced tumour regres-

the treatment  [16]. In this study, some 
decrease in the concentrations of INF- g 
under the influence of RT and CHRT, and 
an increase in this reaction with an in-
crease in the dose of an immunother-
apeutic agent based on a/ b-defensins, 
were revealed. Since this phenomenon 
was associated with tumour regression, 
we’ve considered the decrease in the 
concentration of INF- g when increasing 
the dose of a/ b-defensins not as a  re-
sult of drug-induced immunosuppres-
sion, but as a sign of the adjuvant effect 
of a/ b-defensins, that is, their ability to 
enhance the effectiveness of cytostatic 
therapy. The decrease in the production 
of INF- g in this case could be explained 
by the weakening of the antigenic irrita-
tion of the immune system due to the re-
duction in the size of the tumour. How-
ever, no data were obtained that could 
recommend the use of INF- g as a marker 
of the risk of mucositis as a result of anti-
cancer therapy.

According to the research results, 
significant difference in the levels of 
IL-6  in cancer patients were recorded. 
Thus, in healthy individuals, IL-6  con-
centration levels range from 1.4 ± 0.9 to 
47.46±18.74  pg/ mL. Most investiga-
tions studied this cytokine in patients 
with oral cavity cancer without taking 
into account the factors affecting its 
production, primarily – inflammation 
of the mucous membrane provoked by 
CHRT [21]. However, the results of many 
studies confirm that in patients with 
cancer of the oral cavity and orophar-
ynx before the treatment, the concen-
tration of IL-6  is increased 16–22-fold 
(on the average – 137 pg/ mL for an exo-
phytic tumour and 186 pg/ mL for an en-
dophytic tumour) compared to healthy 
individuals [22]. It has been proven that 
their expression of the IL-6 gene in en-
dophytic tumour is higher than in exo-
phytic one [23]. Therefore, this index is 
used as a  tumour marker for early de-
tection of cancer and monitoring the 
effectiveness of its treatment  [24]. In 
this study, the median concentration 
of IL-6 was small, corresponding to the 
range of values from 3.78–5.39 pg/ mL, 
which does not correspond to the re-
sults of other studies. There are reasons 
to believe that IT with a/ b-defensins in 
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