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Abstract. Dysfunctions of salivary glands during the treatment of benign and malignant tumours are a widely diagnosed
problem among oncology patients. This study aimed to investigate the disruption of the structure of salivary glands as
a result of the treatment of oncological diseases and methods for their correction and elimination. 39 scientific papers
were analysed. Methods of search, comparison, systematisation, and combination of the results of the conducted studies
were used. The destructive effect of chemo- and radiotherapy and the treatment of malignant tumours by increasing
the body’s overall temperature on the structure of salivary glands in the experiment was proven. The influence of low-
intensity ultrasound on the submandibular gland demonstrates its tissues’ high adaptive and regenerative properties.
Data from clinical studies on the correction and elimination of salivary gland dysfunctions in oncological patients
showed an ambiguous result. The simultaneous application of photobiomodulation and radiotherapy in patients with
head and neck tumours significantly improves organ function: it stimulates salivation, regulates saliva composition,
controls the redox mechanism of salivary glands, and locally eliminates inflammation. A slight compensation of
the mineralising function of saliva was found with substitution therapy using biologically active components and a
remineralising agent in children with malignant tumours undergoing chemotherapy. A positive effect of betanechol and
vitamin E in protecting salivary glands during the treatment of head and neck cancer with radiotherapy has been noted,
which consists of improving the structure and function of the glands in the long term and is the same in women and men.
Studies of vitamin C intake after radioiodine therapy in patients with head and neck cancer have shown its insufficient
restorative effect on the quantitative and qualitative composition of saliva. The results of this review can serve as a
basis for an accurate assessment by oncologists of salivary gland damage and the pathogenesis of their dysfunctions as
a result of cancer therapy, provide an opportunity to reconsider existing views on the problem, develop new methods for
preventing and treating these complications, and improve the quality of life and recovery process for patients
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INTRODUCTION

At the present stage of human evolution, cancer incidence
worldwide continues to rise steadily year by year, with
GLOBOCAN 2020 projecting a 47% increase in diagnosed
cancer cases over the next 20 years [1]. In treating cancer
patients, clinicians employ advanced surgical techniques,
precise and safe radiotherapy, polychemotherapy, and
hormone therapy, as well as innovative methods such as
interventional radiology, immunotherapy, and targeted
therapy. However, these treatments often lead to the devel-
opment of so-called drug-induced iatrogenic conditions,
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disrupting the functioning of the patient’s organs and sys-
tems, as described by S.M. Schleicher et al. [2]. The onset
of concurrent dental pathology is no exception among
oncology patients. ]J.Y.A. Kyaw et al. [3] highlight the link
between systemic cancer treatment and salivary gland
damage, leading to dysfunctions such as hyposalivation
and xerostomia, which are the most common. Saliva plays
a crucial role in maintaining homeostasis, preserving the
integrity of oral tissues, and supporting the natural diges-
tive processes. Therefore, ensuring the proper functioning
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of saliva is particularly important in conditions that im-
pair salivary gland activity, as pointed out in the study by
N. Gevkaliuk et al. [4].

The onset of xerostomia, commonly known as “dry
mouth”, is a frequent complication of cancer treatment.
Patients often experience thirst, difficulties in eating, al-
tered taste perception, speech impairments, roughness
of the oral mucosa, as well as periodic pain and burning
sensations in the mouth, all of which significantly reduce
their quality of life. T.S. Deshpande et al. [5] found a strong
positive correlation between xerostomia and dysgeusia in
both the short- and long-term among patients with oro-
pharyngeal cancer who underwent proton therapy. The ex-
aminations were conducted at 2 weeks, 8 weeks, 6 months,
and 2 years post-treatment, with xerostomia and dysgeu-
sia being present at all time points. In a literature review,
L.T. Galaniha & A.A. Nolden [6] identified taste dysfunction
in 17.6-93% of cancer patients and xerostomia in 40.4-93%
as two of the most common symptoms during cancer and
its treatment. Y. lijima et al. [7] observed grade 1 dysgeu-
sia (altered taste sensation) and hyposalivation caused by
chemotherapy in patients with colorectal, breast, and gy-
naecological cancers. .LM.V. Silva et al. [8] demonstrated in
a clinical study of breast cancer patients that quality of life
deteriorated after just the second cycle of antitumour ther-
apy. They attributed the altered taste and xerostomia to the
cytotoxic effects of chemotherapy, leading to loss of appe-
tite, early satiety, nausea, and reduced overall food intake,
which in turn has psychological and social consequences
for the patient. I. Brook [9] identified long-term side effects
in patients undergoing radiotherapy for head and neck
cancer, highlighting hyposalivation and xerostomia as
prominent issues. To treat salivary gland dysfunction, the
author suggests the use of saliva substitutes, non-phar-
macological saliva stimulation, salivary stimulants, laser
treatment, and increased fluid intake. R.R. Riantiningt-
yas et al. [10] conducted a cross-sectional study in head and
neck cancer patients using psychophysical tests to assess
tactile sensitivity, the ability to discern food texture and
temperature, as well as salivary function, consistency, pH,
volume, and buffering capacity. They found a low soma-
tosensory response in these patients, which was linked to
reduced salivary secretion. Z. Huang et al. [11] investigated
the prevalence of salivary gland damage caused by radio-
active iodine, assessing progressive changes in the glands
through ultrasound imaging. In patients who underwent
total or near-total thyroidectomy followed by postoperative
radioiodine therapy, ultrasound-detected salivary gland al-
terations increased from 2.0% to 33.0% after 20 months,
with most of these changes persisting at 36 months, in-
dicating irreversible gland damage. A literature review by
B.A.Klein et al. [12] demonstrated that immune system-re-
lated side effects are common and can affect any organ sys-
tem, including exerting toxic effects on the salivary glands.

Despite significant advancements in cancer treatment,
chemotherapy, radiotherapy, and radiation therapy remain
the primary methods for cancer treatment, yet they cause
a range of side effects. The most common among these are
xerostomia and altered taste, which contribute to loss of
appetite, cachexia, and reduced resistance in patients al-
ready weakened by their primary disease — the tumour.
Physicians and scientists worldwide are investigating these

issues to alleviate the suffering of cancer patients and im-
prove their quality of life and recovery process. This study
aimed to analyse the structural changes in salivary glands
during cancer treatment and explore methods for prevent-
ing and mitigating these effects.

To achieve the stated objective, a comprehensive liter-
ature search was conducted on the PubMed, Medline, and
Scopus platforms. Over 50 publications, including clinical
data, experimental studies, and literature reviews, were an-
alysed. The search strategy was developed following the PI-
COS framework. A systematic search was performed using
relevant keywords and search terms aligned with the PICO
criteria. The study investigated the impact of the most com-
mon cancer therapies across different tumour locations,
their side effects — particularly the damage to the structure
and function of the salivary glands — and measures aimed
at improving or restoring the function of these organs. The
inclusion criteria for publications were the originality of
data, clinical and experimental results published in Ukrain-
ian, English, and Russian (as a significant number of pro-
fessional publications in Ukraine were published in Rus-
sian before 2014). Studies that lacked control group data in
clinical trials, as well as those only available as conference
abstracts or in collections of scientific papers, as well as
research abstracts, were excluded from this review. Dur-
ing the search for verification methods of salivary gland
damage, prevention, and treatment in cancer therapy, a
shortage of literature from 2018 onwards was identified,
prompting an extension of the review period to cover 2006
to 2023. As a result, 39 sources were included in this study.

MORPHOMETRY OF SALIVARY GLANDS

UNDER VARIOUS CANCER TREATMENTS

IN EXPERIMENTAL STUDIES

Chemotherapy is widely used in oncology treatment.
S. Herashchenko et al. [13] analysed and described chang-
es in the submandibular salivary gland under the influence
of cisplatin, demonstrating that intraperitoneal adminis-
tration of cisplatin to rats over 9 weeks resulted in both
degenerative and compensatory changes in the parenchy-
ma and stroma of the gland, including fibrosis of the in-
terductal connective tissue. Throughout the experiment,
the acini appeared collapsed, with a reduction in their ex-
ternal diameter and area compared to controls, along with
a decrease in the height and number of serous cells. The
intercalated ducts exhibited varying changes in external
diameter and lumen size, showing both decreases and in-
creases (the highest values observed on day 28). In striated
ducts, the external diameter progressively increased, while
the lumen decreased. The interlobular ducts consistently
showed an increase in both external diameter and lumen
size. From day 3 to day 28, the epithelial cells of the in-
tercalated, striated, and interlobular ducts showed signs of
sloughing, with their number and height decreasing up un-
til day 14, after which regeneration began. In the periduct-
al stroma, fibrosis increased up to day 28, with activated
fibroblasts (showing large connective tissue bundles) being
observed, as reported by R.A.L. Willems et al. [14], C.C. Kir-
wan & E.L. Blower [15]. A. Farokh et al. [16], and S.R. Bomeli
Farokh et al. [17] investigated the effects of radiation on
the submandibular glands of rats 180 days post-irradia-
tion. They found that during this period, diffuse fibrosis

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 3


https://www.sciencedirect.com/author/9337630100/cliona-c-kirwan
https://www.sciencedirect.com/author/9337630100/cliona-c-kirwan
https://www.e-roj.org/articles/search_result.php?term=author&f_name=Itzhak&l_name=Brook
https://pubmed.ncbi.nlm.nih.gov/?term=Riantiningtyas+RR&cauthor_id=37828382
https://pubmed.ncbi.nlm.nih.gov/?term=Riantiningtyas+RR&cauthor_id=37828382

62

Functional-structural reorganisation of salivary glands...

developed in both the inter- and intralobular stroma, indi-
cating long-term structural changes and damage resulting
from radiation exposure.

L. Radfar & D.A. Sirois [18] developed a model of ra-
diation-induced salivary gland injury in Hanford minipigs
using the same irradiation protocol employed in contem-
porary clinical practice, which involved a daily radiation
dose of 70 Gy. The irradiated glands exhibited significant
loss of parenchyma, pronounced atrophy, and interstitial
fibrosis of the acinar cells, along with an increase in the
nuclei of these cells, as well as dilation and proliferation
of the excretory ducts. This was accompanied by a loss of
secretory granules and infiltration of lymphocytes and
plasma cells. Notably, these structural changes were more
pronounced in the submandibular glands compared to
the parotid glands, as noted by F. Huisman et al. [19] and
V. Mercadante et al. [20]. E. Bidram et al. [21] discovered
that the lumens of the excretory ducts of the submandibu-
lar glands contained sloughed epithelial cell layers.

Ultrasound is frequently employed to stimulate and
accelerate physiological reactions or to selectively dis-
rupt tissues in the jaw through heating methods or by en-
hancing the plasticity of bone tissue, as indicated by B de
Lucas et al. [22]. L. Tarasenko & M. Bilets [23], along with
V.N. Patel & M.P. Hoffman [24], investigated the stress fac-
tor associated with the effects of low-intensity ultrasound
on the submandibular gland. The following results were
interpreted: dilation of the excretory ducts with flattened,
vacuolated epithelial cells, a significant predominance of
mucous secretion over protein secretion, accumulation of
Iymphocytic cells and macrophages around microvessels
while preserving structural components, and an increase
in the number of mast cells in the interlobular connective
tissue and the stroma of the interlobular vessels at the be-
ginning of the experiment, with subsequent subsidence of
these processes in the later stages. Chemotherapy, radia-
tion exposure, and hyperthermia in experimental animals
lead to the destruction of salivary gland structures. Ultra-
sonic correction of bone tissue has an impact on the struc-
ture of the submandibular salivary gland, suggesting high
adaptive and regenerative properties of its tissues.

METHODS OF CORRECTION

AND ELIMINATION OF SALIVARY

GLAND DYSFUNCTIONS

In a clinical study by G.C. Louzeiro et al. [25], the impact of
photobiomodulation on salivary secretion, saliva composi-
tion, xerostomia, and the quality of life of patients under-
going radiotherapy for head and neck cancers was evaluat-
ed over a short-term observation period. A diode laser was
employed for intraoral and extraoral applications to the sal-
ivary glands, administered three times a week throughout
the radiotherapy course. Xerostomia and salivary pH were
assessed, and both unstimulated and stimulated salivary
secretion were measured before the onset of radiotherapy,
after the 15™ session, upon completion of radiotherapy,
and 60 days post-treatment. The concentrations of calci-
um, total proteins, chloride, sodium, potassium, and the
activity of amylase and catalase were evaluated in stimu-
lated saliva samples. Researchers T.D. Debela et al. [26] and
P. Roth et al. [27] demonstrate that photobiomodulation
can stimulate salivary secretion, regulate the composition

of saliva, and control the redox mechanisms of salivary
glands, thereby reducing local inflammation when applied
concurrently with radiotherapy. However, the question
remains as to whether the increase in salivary secretion
can be sustained, whether it has a radioprotective effect
and whether it can be widely applied in clinical settings.

P. Tkachenko et al. [28] conducted a study on the sal-
ivation rate and mineralising potential of oral fluid, along
with their correction in children with malignant soft tissue
tumours of various anatomical locations. The study in-
volved a group of children aged 7 to 15 with morphological-
ly verified soft tissue malignancies that were responsive to
chemotherapy (such as nephroblastoma, hepatoblastoma,
rhabdomyosarcoma, retinoblastoma, reticulosarcoma, and
central nervous system tumours). The patients underwent
courses of combined chemotherapy lasting 3-4 weeks. The
first group of children was treated according to the stand-
ard medical care protocol for this category of patients,
with the addition of a conventional oral care regimen. In
the second group of study participants, in addition to the
standard treatment, gel-based preparations were admin-
istered as part of a replacement therapy. These gels con-
tain biologically active components (centaury, echinacea,
sage), which stimulate the functional activity of the sali-
vary glands, possess anti-inflammatory properties, and a
remineralising gel with calcium, fluoride, and phosphorus.
The research was conducted before the commencement of
treatment and following the completion of the first course
of polychemotherapy. In the first group of children, there
was a progressive decrease in the mineralising potential of
the oral fluid during the polychemotherapy, accompanied
by a reduction in salivation rate. In the second group, only
partial compensation of this mineralising imbalance was
observed, as reported by .A. Nolden et al. [29] and A.K. Lars-
en et al. [30].

A significant portion of the research by S. Manoha-
ran et al. [31] and S. Campagna et al. [32] is focused on
finding methods to protect and prevent damage to the sali-
vary glands during radiotherapy for head and neck cancers.
D. Campanha et al. [33] proposed the use of bethanechol
to prevent salivary gland dysfunction in patients undergo-
ing radioactive iodine therapy. Patients received bethane-
chol (25 mg twice daily) or a placebo (control group) two
hours after therapy and for up to one month. Saliva flow
was monitored, and quality of life was assessed using the
University of Washington Quality of Life Questionnaire at
10-, 30-, and 90-day post-therapy. Pain and swelling of the
salivary glands were more common among patients taking
the placebo at both 10 and 30 days. Those in the bethane-
chol group demonstrated improved saliva production and
a more positive outlook. Bethanechol proved effective in
reducing acute salivary gland damage.

A. Upadhyaya et al. [34] studied the radioprotective ef-
fect of vitamin E on the parotid and submandibular salivary
glands following radioiodine therapy for differentiated thy-
roid cancer. Patients in the three study groups received vi-
tamin E orally at doses of 100, 200, and 300 mg/day for 1-4
weeks after therapy. Salivary gland function was assessed
using salivary gland scintigraphy immediately before and
six months after treatment. The findings of T. Buttiron
Webber et al. [35] and L.T. Tchelebi et al. [36] demonstrat-
ed improved functional parameters of the salivary glands,
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indicating a high compensatory capacity of the major sali-
vary glands, with vitamin E showing significant protective
effects on both parotid and submandibular glands in both
men and women.

Y. Liu et al. [37] conducted a study on the protective ef-
fects of vitamin C on salivary glands following iodine-131
therapy in patients with differentiated thyroid cancer. To
determine the optimal timing of vitamin C administration,
patients were divided into two groups: a 2-hour group and a
24-hour group based on the time of vitamin intake post-ra-
diation therapy. They received 100 mg of vitamin C every
hour (excluding sleep from 23:00 to 6:00) for five consecu-
tive days. Clinical symptoms such as swelling, pain, dry or
bitter mouth, dysphagia, reduced taste, and the function of
major salivary glands were evaluated, including secretion
index and saliva concentration index. The study found that
3! treatment caused some salivary gland damage: the in-
cidence of gland injury (17.39%) in the 2-hour group was
lower compared to the 24-hour group (26.96%). The fre-
quency of acute gland injury (15.22%) and chronic gland
injury (26.09%) in the 24-hour group was higher than in
the 2-hour group (4.78% and 18.26%, respectively). Differ-
ences in the concentration indices of the left and right sub-
mandibular glands were observed after treatment in both
groups, indicating a limited protective effect of vitamin C
administration post-1'*! therapy, as noted by G. Hayek &
B. Kastler [38] and M. Faruque et al. [39].

Photobiomodulation can stimulate saliva production,
regulate its composition, and control the redox mecha-
nism of the salivary glands, reducing local inflammatory
processes when used alongside radiation therapy. Howev-
er, its long-term application requires further investigation.
Replacement therapy with biologically active components
that stimulate the functional activity of the salivary glands,
combined with anti-inflammatory agents and remineralis-
ing treatments during polychemotherapy, provides only
partial compensation for the remineralising function of
saliva and does not affect its secretion rate. Oral adminis-
tration of the parasympathomimetic bethanechol and vi-
tamin E protects the salivary glands from damage during
radiotherapy and enhances salivation. Vitamin C, used as a
protector of the salivary glands during iodine-131 therapy,
did not achieve the desired effect.

CONCLUSIONS
The salivary glands are highly sensitive organs in various
approaches to cancer treatment and often respond with
partial or complete loss of function, leading to a significant
decline in dental health, well-being, and overall quality of
life for patients during therapy.

Studies on the effects of various cancer treatments on
the submandibular salivary gland in experimental animals
have revealed several morphological changes. Chemother-
apy induces both degenerative and compensatory chang-
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CTPpYKTYypHO-dYHKUiOHaNnbHa peopraHisauia CIMHHUX 3a1103
npu oHKonaTonorii: MiHi ornag
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AHoTauif. IychyHKIii CTMHHKMX 327103 TIPU Teparlii TO6POsIKiCHUX Ta 3JIOSKICHUX MyXJIMHHUX 3aXBOPIOBAHb € LIMPOKO
IiarHOCTOBAaHOKI IPOGIEMOI0 Ccepel, OHKOMAILi€HTIiB. MeTol IaHoi po6OTM CTajo BMBUEHHSI MOPYIIEHHSI CTPYKTYpU
CIMHHMX 32103 BHACTIIOK JIIKyBaHHSI OHKOJIOTiYHMX XBOPOO Ta METOiB iX KOpekilii i1 ycyHeHHSs. Byso rpoaHastizoBaHo
39 HayKOBUX POOIT. BUKOPMCTAaHO METOAV TIOIIYKY, TOPiBHSHHS, CUCTEeMATHIIii Ta 06'eMHAHHS Pe3y/IbTaTiB TPOBENEHUX
IOCTiIKeHb. [IoBeqeHO IeCTPYKTUBHMI BIUIMB XiMio-Ta pafioTeparii,1ikyBaHHS 37I0SIKiCHUX ITyX/IMH IJISIXOM ITiIBUIITeHHS
TeMIlepaTypy BCbOTO Tijla Ha CTPYKTYPY CAMHHMX 327103 B eKIepUMeHTi. BIuiuB ynbTpa3ByKy HM3bKOI iHTEHCUMBHOCTI Ha
MiJHVDKHbOLIE/EIHY 3a/103Y IeMOHCTPY€E BUCOKI aJaliTUBHI Ta pereHepaTMBHI BIaCTUBOCTI ii TKaHMH. [JaHi KIiHIYHMUX
JOCTiJIKeHb 11010 KOPeKIIii Ta yCyHeHHS AUCPYHKLIM CIMHHMX 327103 Y OKOXBOPMX [TOKa3al1y HeOLHO3HAUMI pe3yiibTarT.
3acrocyBaHHS HOTOOGIOMOMYIAIIT OMHOYACHO i3 TPOMEHEBOIO TEPAITi€l0 Y MAIi€HTIB i3 MyXJIMHAMY TOJIOBY UM IITUi 3HAYHO
nokparrye GyHKI[iOHYBaHHS OpraHa: CTUMYIIIOE CIMHOBWIINIEHHS, PETy/IIO€ CKIIaJ CIMHU, KOHTPOJIOE OKVICIIOBAIbHO-
BiTHOBHMI1 MeXaHi3M CJIMHHUX 3aJ103 Ta MiCLIeBO YCyBa€ 3alajeHHs. BUsIBIeHO He3HaAUHYy KOMITeHCallilo MiHepasi3yoJuoi
dbyHKUii wMHM TIpM 3aMicHil Teparii 6i0/JI0TiYHO aKTMBHUMMM KOMIIOHEHHHITaAMM Ta peMiHepali3ylouum IpernapaToMm
y IiTeil 31 3/0SKiCHMMM TyXIMHAMM IIpu XimioTepartiii. BinmiuaeTbcst mo3UTUBHMIT edeKT 3aCTOCYBaHHS OeTaHexonmy Ta
BiTamiHny E y mpoTekuii cIMHHUX 3103 MIPU JIiKyBaHHI paKky B OUISTHKax TOJIOBU Ta LM METONOM pafioTeparii, SKuii
TOJIsITa€ y TIOKPAIeHHi CTYKTYpy Ta (GYHKIII 3a703 Yy JOBTOTPUBIOMY TePiofi Ta € OMHAKOBUM Y SKiHOK i YOIOBIKiB.
HocnigkeHHs BXUBaHHs BiTMiHy C Imic/s pafioitonTepanii y naiieHTiB 3 pakoM roJIOBM UM 1K1 ITOKa3aJ1o0 0ro HeJJOCTaTHi i
BiTHOB/TIOBaHMI eeKT KiJTbKiCHOTO i IKiCHOTO CKIaAy CIMHN. Pe3ynbTaTi MPoBeeHOT0 OISy MOXKYTb CTATH MiATPYHTSIM
IS TOYHOT OLIiHKYM OHKOJIOTaMM YpaskeHb CIMHHMX 3aJ103 Ta MaToreHe3y ixX AuchyHKIIi BHACTILOK OHKOTeparii, HazaTu
MOXJIMBICTb TEPEeNISTHYTU BXKe iCHYIOUi MOIISIAM Ha Mpo6aeMy, po3pOGUTY HOBI METONMKM 3aroGiraHHs i JTiKyBaHHS
BKa3aHMX YCK/IaJeHb, HOKPALIUTH SIKiCTh JKUTTS i MpoLiec BUAY>)KaHHS [1allieHTa
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