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Abstract
In patients with head and neck cancer, the most common issue after radiation treatment is
xerostomia and the consequences of that, which are affecting the quality of everyday life of the patient.
Subjectively xerostomia is manifested as dryness in the oral cavity, followed with obstructed chewing
and swallowing of the food.
Mostly it happens because of the death of the cells in the gland that are supposed to be dividing,
caused by the radiation. To improve patients’ life after treatment, IMRT approach has been considered
to be a better solution for the gland tissue sparing during the radiation treatment, therefore, to decrease
the severity and the intensity of the following xerostomia.
The IMRT technique allows the chosen dose of radiation to be applied specifically on the tissue
where it is supposed to be, sparing the surrounding healthy parts from the unnecessary radiation.
The aim of this study was to evaluate the influence of the Intensity Modulated Radiation therapy
(IMRT), with different intensity and dosage, on the function of salivary glands.
For this study were analyzed total number of 87 surveys, 41 of them were used for detail
analysis. This study is based on narrative review on published articles written in English language,
reporting results related to the use of Intensity modulated radiation therapy treatment in patients with
head and neck cancer.
The gathered results have shown that the function of the salivary glands after radiation
treatment can be in many cases protected during the treatment, or even restored to some level, therefore
the resulting xerostomia can be reduced and its’ following negative effects affecting the patients’ life
could be minimized by using the improved technique IMRT.
In many studies the evaluated levels of xerostomia have been found to be significantly lower
in the groups of patients treated with IMRT technique, compared with the other group of patients treated
with conventional radiation therapy. Also, a big influence has the dosage of the radiation beams, on
what depends on the outcome of the salivation function in patients treated with radiation therapy.
Keywords: Intensity modulated radiation therapy, xerostomia, salivary glands hypo-function,
saliva reduction, saliva flow rate, salivary gland sparing.

Introduction
As a consequence of radiation therapy, xerostomia and dysphagia are the most common
occurrences in patients with head and neck cancer, therefore these two most common issues are the
main factors that cause disruption to the normal speech and swallowing, that also affects the quality of
everyday life in these patients [1].
The xerostomia subjectively it is manifested as uncomfortable feeling of dryness in the mouth,
the oral mucosa, caused by reduced saliva production and flow in a minute, that most often is under 0.1
to 0.2 mL in a minute [2,3].
Radiation induced DNA damage of the glandular cells obstructs the proper cell division what
results in cell death or senescence of cells that are supposed to divide. Radiation caused injury in the
glands induces loss of the specific saliva-producing acinar cells, however the ducts of glands although
are deprived of function but they in most of the cases remain intact. Study has found that if the dose
range is low (< 30 Gy, in 2 Gy fractions) the damage that is following is reversible to a certain part, but
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if the doses are cumulative (> 75 Gy) the consequences are extensive degeneration of acini followed
with inflammation and fibrosis in the interstitium of the salivary glands [3].
However, the xerostomia is not always related to saliva flow reduction, so it can also be
manifested independently [4]. When xerostomia is manifesting as a consequence of radiation therapy,
in most of the cases it is irreversible and permanent [4,5].
The treatment volumes with radiation therapy are often huge in order to cover all the parts with
the disease and the risky cervical nodes, therefore bilateral neck irradiation is often demanded [6,7].
In the latest surveys it has been shown that with implementation of the new technique, modified
radiotherapy (IMRT – Intensity Modulated Radiation Therapy), the incidence of xerostomia has been
reduced in a big part [7,8].
Intensity modulated radiation therapy (IMRT) planning makes it possible for high doses to be
applied in the targeted area. The consequences after treatment has been proven that is connected to the
dose of radiation that is applied on the salivary glands during the radiotherapy treatment [8,9].
The submandibular glands have been much less investigated, but their function is also very
important. The submandibular glands are responsible for about 90% of the unstimulated saliva, it is
assumethat with lowering the dose of radiation in the submandibular gland, it can also improve the
biggest part of the salivary function [10,11].
Intensity-modulated radiation therapy (IMRT) is an advanced and improved type of
radiotherapy that is highly precise method, it is based on using computer-controlled linear accelerators
to apply precise radiation doses to the specific places where the tumor tissues are affected [12,13].
IMRT technique makes it possible for the radiation dose to be more precisely applied in threedimensional (3-D) shape of the treated tumor, by modulating the intensity of the radiation beams in
multiple small parts [13,14]. This method of radiation therapy also helps the higher doses of radiation
to be focused specifically on the tumor, while minimizing the exposure on radiation to surrounding
normal healthy structures. The treatments are carefully planned with using 3-D computed tomography
(CT) or magnetic resonance (MRI) images of the patients, that are combined with calculated dose of
radiation, to determine the exact dose intensity pattern that will give the best result for each case
individually [15,16].
The aim of this study was to evaluate the influence of the Intensity Modulated Radiation therapy
(IMRT), with different intensity and dosage, on the function of salivary glands in patients with head
and neck cancer, treated with radiation therapy.

Material and methods
Research strategy
For this study were analyzed total number of 87 surveys. This survey was based on narrative
reviews from published studies, that have investigated the topic the use of Intensity modulated radiation
therapy treatment in patients with head and neck cancer.
The research was done using the data bases of PubMed (Medline), NCBI (US National Library
of Medicine), Medscape, Webmd, Mdconsult, Emedicine, Google scholar, and Cochrane Library.
For the search were used the following key words: radiation therapy, intensity modulated
radiation therapy, head cancer treatment, xerostomia, neck cancer treatment, dry mouth, salivary glands
hypo-function, saliva reduction, saliva flow rate, low salivation, salivary gland sparing.
In this search were included: clinical studies, systematic reviews and qualitative studies. The
survey was completed with online research of the mentioned data bases, with selection of the articles,
while all articles were analyzed and the articles that met the needed criteria were extracted for following
full review. From the total 87 articles that were selected with the online search, 41 articles were taken
for detailed analysis about the studied topic; Intensity modulated radiation therapy and its influence on
the salivary glands function.
Criteria for inclusion
For this study was applied protocol for defining the inclusion and exclusion criteria. The
inclusion criteria for the evaluated articles were the following: studies that were done in vivo; articles
that have analyzed strictly the use of IMRT technique; articles written in English; studies on patients
with head and neck cancer; studies on patients with post- radiation induced xerostomia.
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The exclusion criteria for analyzed articles were the following: surveys on patients with comorbidity (such as metabolic alterations, diabetes mellitus, cardiovascular diseases and lupus
erythematosus); studies made in vitro; studies relying only on presumptions about the consequences
of IMRT technique as a new approach; studies that evaluate the effect of the radiation therapy combined
with chemotherapy; studies on patients with xerostomia caused by other factors that are not postradiation effects; studies on patients with systematic diseases; studies on patients with xerostomia as
part of an autoimmune disease (Sjogren’s syndrome), case reports and studies involving animals.
Extracted data were recorded into standardized database according to the following parameters:
first author’s surname, year of publication, number of patients, treatment details, xerostomia rates and
clinical outcome.

Evaluation and results
In study done by Nutting C. M, Morden J. P, about 40% of patients resulted in suffering from
symptoms of xerostomia after IMRT treatment [17]. The main difference with this parotid gland–
sparing RT was in the following recovery of the glands over some period of time.
The damaged parotid gland has been shown that is capable of repairing its tissue and regaining
some of its function in period of 2 years after the IMRT treatment which was different compared with
the patients that were treated with conventional radiotherapy, what resulted in permanent xerostomia
[17,18].
In the study by Nutting [17], after 12 months following of the treated patients, the side-effects
such as xerostomia were reported in 73 of 82 total number of patients. Grade 2 or worse xerostomia has
been proven that is significantly less occurred in the IMRT group (38%) than in the conventional
radiotherapy group of patients (74%) [17,18].
From the results of the study done by Schmitt, C.et al [19], there were assessed 94 patients with
head and neck cancer, that were treated with conventional radiotherapy or parotid-sparing IMRT
therapy. The following period after the radiation treatment has been 24 months. After time of 2 years,
29% of the patients who were treated with IMRT were affected with xerostomia, compared with the
other patients group that were treated with conventional radiotherapy 83% of patients were suffering
from post-radiation effect xerostomia. Both forms of radiotherapy has been shown that led to
xerostomia.
However, grade 2 xerostomia was much more rarely occurred in patients that were treated with
the IMRT technique, compared to the other group treated with the conventional radiation therapy [19].
In the Eisbruch et al. [20] study, the parotid gland that has received a mean dose of radiation
less than 26Gy, has recovered its’ function and the salivary production levels one year after the radiation
therapy.
Chao et al. [21] have suggested in order to spare the parotid gland, the mean dose of radiation
to be with intensity of 32Gy in 50% of the parotid gland volume, so it could be able to recover its’
salivary production. It has been shown that after a dose higher than 52Gy, after that there is permanent
damage of the salivary gland [21,22].
Results from the survey conducted by Piet Dirix et al. [23], have shown that after 30 months
following, the patients treated with IMRT therapy compared with the three-dimensional conformal
radiotherapy treatment, IMRT resulted in significantly improved without recurrences survival of
patients, without grade 3 or 4 toxicity in the patients treated with IMRT group, not acute or chronic.
The use of IMRT technique has been shown that significantly reduces the incidence of acute and also
the late side effects in patients, such as: mucositis, xerostomia, and dry-eye syndrome [23,24].
In other study with total number of 52 patients, all of them receiving intensity modulated
radiation therapy with parotid glands sparing, 26 of the patients have also been spared the
submandibular glands. The results of saliva flow and xerostomia have been recorded in 5 intervals
(before IMRT, 2 months after, 6 months after, 12 months after and 18 months after the treatment). The
radiation used was with intensity of 30 Gy in the first group of patients, and 57,4 Gy in the second group
[25].
The results were taken after 2 and after 6 months, the level of xerostomia was significantly
lower in patients with spared submandibular glands, however there was not big difference in the results
for xerostomia levels gathered 12 and 18 months after the radiation therapy [25].
174

Gjurovski Rogleva S. et al. Impact of intensity modulated radiation therapy on the salivary glands function...

Pow et al. [26] have followed51 patients with nasopharyngeal carcinoma treated with
conventional radiation therapy versus IMRT. Results have showed that 12 months after the
treatment,83.3% of the patients in the IMRT group have recovered with 25% their salivary flow,
compared to 9.3% of the patients inthe conventional group [26].
A similar study on patients with early stage nasopharyngeal cancer, 60 patients were treated
with either conventional radiotherapy or parotid-sparing IMRT therapy. 1 year after the treatment,
patients in theIMRT group had shown significantly smaller incidence of severe xerostomia, compared
with patients in the conventional radiotherapy group (39.3 vs 82·1%; p = 0.01).
There was no difference in xerostomia reported from patients of the two groups [27].
In study with a total number of 56 patients suffering with oropharyngeal cancer, 30 patients
were treated with IMRT, and the other 26 patients were treated with conventional radiation therapy.
The gathered results have shown that, the mean dose of radiation to the parotid glands was 48.1 Gy for
the conventional therapy, and 33.7 Gy for the IMRT treatment [28].
As a result, 6 weeks after treatment, the number of parotid flow complications was significantly
lower after IMRT treatment (55%), compared with those after the conventional radiation therapy (87%).
[28].
Study by Rij, C., Oughlane-Heemsbergen, W., Ackerstaff, A. et al, has shown that patients that
were treated with IMRT technique stated that they had less opstructions while chewing and swallowing
their food and that they didn’t need much water during the day or night. Also in patients from IMRT
group, the xerostomia scores have been much better for those with a dose lower than 26 Gy to the
"spared" parotid gland. [29,30]

Discussion
Many studies so far have shown that the IMRT approach in radiation treatment offers big hope
in reducing the radiation-caused xerostomia, by sparing the salivary glands in the radiation process, but
without increasing the risk of recurrence the disease. Helical tomotherapy and computed tomographybased platform for IMRT has been shown that provides good covering of the target volume, while
emitting the lowest doses to the salivary glands [31,32].
As in many studies was concluded that sparing all the salivary glands during IMRT by helical
tomotherapy technique, when dose was strictly reduced to the parotid gland, submandibular gland and
oral cavity, 61.3% of the patients that reported xerostomia as late consequence of the radiation
treatment, has been restored to their normal level, 12 and 18 months after the IMRT radiotherapy also
with following an early locoregional recurrence rate of 4% [32,33].
There is evidence that salivary gland cells are capable of proliferation meaning auto reparation,
differentiation and also regenerating the damaged parts of their tissue. Recovery of the glands after
radiation therapy is believed that is connected with the number of the remaining stem cells of the glands
after the radiation treatment [34,35].
If there is also inclusion of the ducts in the radiation covered field during the process, it has
been shown that it also leads to big loss of the regenerative capacity of the salivary gland, what in most
of the cases results in long-term gland dysfunction with reduced saliva production and therefore
xerostomia [36,37].
Authors suggest that the radiation dose to this region responsible for functional recovery should
be reduced significantly using the IMRT method, what could play the main role in preventing the
consequences such as xerostomia [38,39].
IMRT is currently considered to be a golden standard approach in head and neck cancer
treatment, in addition to limit the cumulated radiation dose to the regional normal tissues.
IMRT is able to reduce maximally the dose to parotid, submandibular/sublingual and minor
salivary glands, and with that to help maintain whole saliva flow rates and low the xerostomia effects
[40].
Anyway, with all the benefits from the new approach IMRT in radiation therapy, the problem
still is not solved totally, because in most of the cases, about 40% of patients are still suffering from
xerostomia. Considering that, alternative options about treatment for xerostomia have to be taken in
consideration.
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There are many innovative approaches in the development of a topically administered
medication that moisten the mouth and at the same time place an active ingredient locally to the affected
salivary glands to protect them from irradiation and to neutralize the side effects [40].
In study performed by Palma LF, Gonnelli FA, Marcucci M. et al., saliva flow rate was
measured after the treatment, patients were divided in control group (using standard sialometries) and
test group of patients (using modified methods for saliva collection).
Results from unstimulated sialometries, have shown that the salivary flow rates of both groups
ranged from 0 to 0.3 mL/min. The median of Control Group was 0.16 mL/min and the standard error
was 0.0296 mL/min. And the median of Test Group was 0.1 mL/min and the standard error was 0.0307
mL/min [41].
Table 1. Results from latest studies about saliva flow rate in patients treated with IMRT
Improved saliva flow rate
Not improved saliva flow rate
Author
Year
using IMRT
using IMRT
Wang X.
2016
✓
Acauan MD.
2015
✓
Vissink A.
2010
✓
Kaae JK.
2016
✓
Collan J.
2012
.
.✓
Hoyne C.
2017
✓
Byungchul Ch.
2018
✓
Rim CH.
2018
✓
Schmitt C.
2011
✓
Van Luijk P
2015
✓
Zhong-He W
2011
✓
Kałużny J
2014
✓
Teng F. et al
2019
✓
A. Villa.
2015
✓
Jaguar, G.C.
2017
✓

Conclusion
Xerostomia still happens to be the most common issue that occurs in every patient treated with
radiation therapy, but on the positive side is the fact that with using the approaches such as IMRT in
the radiation treatment, the extent of xerostomia can be significantly minimized and controlled. In many
cases have been proved that in some cases the salivary gland function can be partially restored after a
few years, not totally but enough to improve the patient’s life after the treatment.
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