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Abstract

Introduction. In patients with head and neck malignant
neoplasms salivary glands are affected by the radiation
therapy because they are located close to the place that
is exposed to the total dose of radiation. Therefore,
xerostomia and dysphagia are the most frequent post-
radiation complications that affect the life of these
patients. The volumetric modulated radiation therapy
enables higher doses of radiation to be focused on the
targeted place, and the surrounding healthy tissues to
be exposed to the harmful effect of radiation as less as
possible.

Method. This study was conducted by cooperation of
the University Clinic for Radiotherapy and Oncology
and University Clinic of Maxillofacial Surgery-Skopje.
The study sample consisted of 30 patients treated with
one of the radiation techniques: 3DCRT and VMAT.
The stimulated salivary flow from parotid glands was
defined using modified Lashley cups. Post-radiation
xerostomia and mucositis were noted in grades based
on the clinical examination, and the rest of the post-
radiation complications during the first control after
the radiation therapy were registered if they appeared.
The moisture of oral cavity was evaluated by the mo-
dified Schirmer method.

Results. The comparison of patients treated with one
of the radiation techniques showed significantly larger
amount of produced stimulated saliva (ml/min) in pa-
tients treated with VMAT compared to those treated with
3DCRT (p=0,0054). An insignificant linear negative
correlation was found between the volume of stimula-
ted salivary flow (ml/min) and the localization of the
malignant neoplasm-salivary flow was insignificantly
decreased in patients with malignant neoplasm of the
nasopharynx, oropharynx, hypopharynx and larynx

Correspondence to:Sonja Rogoleva Gjurovski, Faculty of Medical
Sciences, Goce Delcev University, Stip, Krste Misirkov 10A, 2000, Stip,
R. N. Macedonia; E-mail: sonja.rogoleva@ugd.edu.mk

(R@oy=-0,151; p=0,4602). The mucositis appearance
was significantly associated with the use of 3DCRT
method. The low grade of xerostomia was significan-
tly associated with the use of VMAT method.
Conclusion. The use of the new technique, volumetric
modulated radiation therapy, enables to spare the
salivary function that is proved by the increased
salivary flow, the decreased level of xerostomia and
the decreased representation of all other post-radiation
complications.

Keywords: hyposalivation, xerostomia, malignant
neoplasm of head and neck, volumetric modulated
radiation therapy, irradiation consequences

AncCTpakT

Bogen. Kaj manneHTn co MalIurHyM HEOIUIa3MH Ha Tia-
Ba W BpaT, TepalujaTa co pajadjalyja HECOMHEHO T'H
adexTupa CalMBapHUTE KIE3AU O €IHOCTABHA IMPH-
YIHA IITO THE Ce HAaoTaaT BO OJIM3WHA HA MECTOTO Kase
mTO ce AMCTpHOyHpa TOTAHATA JI03a Ha pajujallnja.
[NocnenoBarenHo Ha Toa KcepocTomujara U aucdarujata
Ce HajueCTUTe MOCTPAANjalluOHN KOMILTHKAIIUA KOU T'0
HapyIIyBaaT KBaJUTETOT Ha XMBOT HA OBUE MAIHEHTH.
Bomymerpuckn MonyimpaHaTta paguoTepanija 0BO3-
MOJXyBa IOBHUCOKHTE JIO3M Ha paadjainuja na Omjmat
(oKycHpaHH Ha IIETHOTO MECTO, & OKOJHHUTE 3APaBH
TKHUBa J1a OMAAT KOJKY € MOKHO MOMAaJIKy U3JIO0XKEHH
Ha MITETHOTO JIEjCTBO OJI paaujallujaTa.

Metoau. VcrpaxyBameTo ce 3aCHOBAa Ha cOpadOTKa
noMmel'y YHuBep3UTEICKaTa KIMHUKA 3a pajguoTepa-
nHja ¥ OHKOJIOTHja M YHHUBEP3UTETCKAaTa KIMHUKA 32
MakcmiioanujanHaxupypruja-Crormje.Mcraxysayu-
KHOT MPUMEPOK BKIydyBa 30 ManUeHTH TPETUPAHH CO
efHa Of TeXHUKUTEe Ha pamuotepanuja: 3DCRTwm
VMAT. CTuMynHpaHuoOT CaluBapeH MPOTOK OJ1 IMapo-
TUIHY JKJIE30H Ce OJpeayBalle cO IMOMOII Ha MOIU(H-
uupanu Lashleycups. Iloctpaaujaimonara kcepocTo-
MHja U MyKO3UTHUC C€ €BUACHTHpAILE BO CTEIEHH B3
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OCHOBA Ha KIIMHUYKHUOT MPErjIc, a CUTEC APYTHU MOCT-
paaujaliOHN KOMILTUKALUHU 332 BpeMe Ha IpBaTa KOH-
TpOJIa TOCIE 3aBpIICHA paHoTepanHja, ce CBHACHTHPaa
CO IPHUCYCTBO W OTCYCTBO Ha HCTHTE. Mepemero Ha
BJIQKHOCTA HA OpajHaTa Mpa3HHHA Ce M3BEIyBaIle CO
oMo Ha Mmogudunupana Schirmer merona.
Pesyaratu. Crnopenbara Ha MalMEHTUTE TPETHPAHU
CO eIIHa OJ1 JIBETE TEXHUKH Ha paJHoTepanija yKaxyBa
HA CHTHH(UKAHTHO IOTOJeMa KOJHUYMHA HA U3Ta4eHa
cruMmynupana canuba (ml/min) kaj marMeHTUTe TPETH-
paru co VMATcnopeneno co 3D CRT (p=0,0054).
[Tomery KONMYKMHA HA CTUMYJIUPAH CATMBAPEH IPOTOK
(ml/min) u Jokamu3alyjaTa Ha MaJWTHA HEoIIa3zMma
yTBpicHa Oelle HeCHTHH(MKAHTHA JINHeapHa HeraThuB-
Ha Kopealyja-CaliBapHUOT MPOTOK HECHUTHU(HKAHTHO
ce HamadyBalle Kaj HAlMEHTUTE CO MAJIUTHOM Ha
Nasopharynx, Oropharynx, Hypopharynx, Larynx
(R@o)=-0,151; p=0,4602). Ox nBeTe MeTOIH, MIOjaBaTa
Ha OPAJTHHUOT MYKO3UTUC CI/IFHI/Id)I/IKaHTHO acogupamiie
co merogor 3DCRT. Cnabuor creneH Ha KCEpOCTO-
MHja CHTHU(HKAHTHO acouuparie co Metogor VMAT.
3akuaydok. [IpruMenara Ha HOBara TEXHHKA Ha BOIY-
METPUCKH MOJAYIHpaHa pamuoTepanirja OBO3MOXKYBa
Jla ce 3auyBa calluBapHaTa (yHKIIHja KOe ce IOKaKyBa
MPEeKy 3rOJIEMCHHOT CATMBAapeH NPOTOK, a HaMaleH
CTelleH Ha KCePOCTOMHUja M HaMalleHa 3aCTalleHOCT Ha
CHTE IIOCTPAIHjallHOHA KOMILIHKAIIUH.

Kayuynu 360poBH: XumnocanuBaiuja, KCEpOCTOMH]a,
MaJIMTHH HEOIUIa3MH Ha IJ1aBa U BPAT, BOJTYMETPHCKH
MOJIyJIMpaHa 3pavyHa Teparuja, UpaarjaloHN MOCISAUIH

Introduction

The therapy in patients with malignant head and neck
neoplasm that consists of radiation inevitably affects
salivary glands and their surroundings; therefore pa-
tients face negative consequences such as progressive
malfunction of salivary glands, followed by a signi-
ficant level of xerostomia(Figure 1). Despite all of the
efforts to protect the surrounding tissues from
damaging during the radiation treatment, salivary
glands are still exposed to the radiation due to their
close location to the exposed area [1]. Having this in
mind, xerostomia in most of the cases is the main
cause of the symptoms: oral mucositis, changes in oral
microflora, dysphagia, throat inflammations, changes
or loss of the taste, caries, changes in the voice quality,
halitosis, discomfort, problems with chewing and
swallowing, which lead to nutritive complications and
loss of weight in the future [2,3].

Fig. 1. Dry mouth — xerostomia

Salivary gland impairment due to radiation therapy
happens in 4 different phases: the first phase happens
from the 1st to the 10th day, when the water compo-
nent in the tissue is being eliminated, but the acinar
cells and amylase secretion are not being affected; the
second phase takes place from the 10" to the 120™
day, acinar cells are exposed to membrane degenera-
tion and they also lose their ability to produce amy-
lase; the third phase is from the 120" to the 240" day,
known as a phase of belated toxicity characterized by
losing the function of acinar cells as a result of stem
cells loss; the fourth phase is known as a regenerative
phase, however the deterioration of the salivary gland
function is still continuing in this phase as a result of
the nerves damaging used for glands ducts and blood
vessels [4,5].

3DCRT-Three-Dimensional Conformal Radiation Thera-
py (3DCRT) and Volumetric Intensity Modulated Arc
Therapy (VMAT) are two different techniques that are
aimed at providing a precise and efficient treatment for
patients with malignant neoplasms(Figure 2). Three-
dimensional conformal radiation therapy is a standard
technique that enables a good view of the anatomic
structures and radiation beams in three dimensions.
The segments for radiation treatment can be modified
individually according to the shape of the tumor. On
the other hand, the volumetric modulated radiation
therapy is considered to be innovative and advanced
technique that offers modulation of the radiation inten-
sity in small multiple parts; therefore, this method enab-
les higher doses of radiation to be focused on the tar-
geted place, while the surrounding healthy tissues are
exposed to the harmful effects of radiation as less as po-
ssible. Recent studies have been focused to prove that
the new approach of modified radiation therapy (volu-
metric modulated radiation therapy-VMAT) is expected
to reduce the xerostomia incidence, and subsequently
to improve the quality of patients’ life that have been
treated with this method of radiation therapy [6,7].
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Fig. 2. Comparison between three-dimensional conformal radiation
therapy (a) and volumetric modulated radiation therapy (b)

Aim

The main aim of this study was to evaluate the salivary
hypofunction by determining the parotid stimulated
salivary flow and assessment of the oral complications
in patients with malignant neoplasms of the head and
neck, treated with three-dimensional conformal radiation
therapy and volumetric modulated radiation therapy.

Material and methods

The study sample consisted of 30 patients treated with
one or both techniques of radiation therapy: 3DCRT or
VMAT. Taking into consideration in advance defined
exclusion and inclusion criteria, patients treated with
one of the techniques of radiation therapy at the
University Clinic for Radiotherapy and Oncology in

Skopje were included in the study. The clinical
examination involving the measurement of stimulated
salivary flow and moisture of oral cavity was perfor-
med at the University Clinic of Maxillofacial Surgery
with previously obtained patients’ written consent.
Salivary flow measurement and post-radiation compli-
cations were done immediately after the first assess-
ment of the finished radiation therapy. Xerostomia and
oral mucositis were noted in grades; however, the rest
of the post-radiation complications were noted only if
they appeared. Stimulated saliva from the parotid
glands was collected using special devices made in
line with the modified Lashley cups principle, and they
were made by dental laboratory technicians, using sili-
cone mass for duplication and connecting it with a
tube system that allows collection of saliva from both
parotid glands at the same time. The device is being
placed in the upper vestibule where the salivary duct
of parotid gland is located, and is fixed by using va-
cuum. Saliva from the duct flows in the oval part of
the device from where it is being moved through the
tube system saliva and collected in microliters graduated
syringe. The obtained values are being divided by the
minutes spent in saliva collection to define the salivary
flow in one minute. In order to gather stimulated saliva,
stimulation was done by using citric acid applied on a
cotton applicator and placed on the dorsum part of the
tongue, specifically on the dorso-lateral edges of the
tongue, five times in duration of 2 minutes (Figure 3).

Fig. 3. Modified Lashley cups

By using the modified Schirmer method for measure-
ment of the moisture in the oral cavity, Schirmer stri-
pes are applied at the bottom of the oral cavity of a
patient, and the results are available 3 minutes later
(Figure 4). The obtained results are noted immediately;
the stripes are divided in millimeters starting with 5
mm to 35 mm. If the observed result was lower than 5
mm, we considered it as value 5. The results were
registered from the size of wet zone on the stripes in
milimeters, that can be easily seen as a darker part.

According to Primary site of malignant neoplasm cla-
ssification, patients were divided in two large groups.
The first group was consisted of patients with malign-
nant neoplasm located on the: lip, oral cavity, tongue,
floor of the mouth, buccal mucosa, retromolar fossa, hard

palate, maxilla and mandible. The second group was
consisted of patients with malignant neoplasm located on
the: nasopharynx, oropharynx, hypopharynx and larynx.

S ronh
2

Fig. 4. Modified method for measuring mouth moisture
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Results

The evaluation of patients with malignant neoplasm
located on the lip and oral cavity treated with different
methods showed a significantly higher volume of
stimulated saliva (ml/min) in patients treated with the

VMAT compared to those treated with the 3DCRT
technique (p=0.0054).

Patients with malignant neoplasm of the nasopharynx,
oropharynx, hypopharynx and larynx, treated with the
VMAT method showed insignificantly bigger volume
of produced saliva (ml/min) compared to those treated
with the 3DCRT method (p=0.0588) (Table 1).

Table 1. Comparison of saliva (ml/min) between 2 groups of participants

Parameters N Meanz SD

Min / Max

Median (IQR) p

Saliva (ml/min) - Lip, Oral cavity (tongue, floor of the mouth, buccal mucosa,
retromolar fossa, hard palate, maxilla, mandible)

VMAT 8 0.21+0.09 0.08/0.30 0.23(0.14-0.30) Z=2.781

3DCRT 7 0.06+0.01 0.05/0.08 0.06(0.06-0.07) p=0.0054*
Saliva (ml /min) - Nasopharynx, Oropharynx, Hypopharynx, Larynx

VMAT 7 0.19+0.11 0.06/0.30 0.21(0.10-0.29) Z=-1.889
3DCRT 8 0.07+0.02 0.05/0.11 0.08(0.05-0.09) p=0.0588

SD-standard deviation, IQR-Interquartile range, *significant for p<0.05

Correlations (R~ - 0,151; p=0,4602)

locations
Lip, oral cawity /
MNaso, Oro, Hypopharynx, Larynx

||H\

Saliva (mimin)

T

LR g

i :

Fig. 5. Correlation between stimulated salivary flow and malignant neoplasm localization

There was an insignificantly linear negative corre-
lation between stimulated salivary flow (ml/min) and
malignant neoplasm localization-salivary flow insigni-
ficantly decreased in patients with malignant neoplasm

of the nasopharynx, oropharynx, hypopharynx, and
larynx

(R@o= - 0,151; p=0,4602) (Fig.1a)

Table 2. Distribution of post-radiation complications

Mucositis as a complication after treatment was sig-
nificantly associated with using the 3DCRT method
for radiation therapy. The emerge of the other post-
radiation complications (difficulties in mastication,

Post-radiation 3DCRT VMAT Total

complications (n=15) (n=15) (n=30) p
grade 1- mild 2(16.66%) 9(75%) 11(45.83%) p=0.0123*
grade 2 - moderate 8(66.67%) 3(25%) 11(45.83%) p=0.0996
grade 3 - severe 2(16.66%) 0(0%) 2(8.34%) -
grade 4- disabling; life 0(0%) 0(0%) 0(0%) i

threatening

Fisher Exact test, *significant for, p<0.05

dysphagia, dysgeusia and dysphonia) was not asso-
ciated with any of the methods used for radiation
treatment (3DCRT/VMAT) (Table 2).
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Table 3. Distribution of xerostomia grades

Xerostomia grading 3DCRT VMAT Total

scale - NCI CTCAE (n=15) (n=15) (n=30) P
Oral mucositis 10(83.3%)  4(33.3%) 14(58.3%) p=0.0384*
Difficult mastication 11(91.6%) 7(58.3%) 18(75%) p=0.1573
Dysphagia 11(91.6%) 7(58.3%) 18(75%) p=0.1573
Dysgeusia 11(91.6%) 6(50%) 17(70.8%) p=0.0724
Dysphonia 9(75%) 5(41.6%) 14(58.3%) P=0.2149

Fisher Exact test, *significant for, p<0,05

The low level of xerostomia was associated signify-
cantly with the usage of the VMAT method. The mo-
derate level of xerostomia was found in borderline
association with the 3DCRT method. The severe level
of xerostomia was found only in 2 patients treated with
the 3DCRT method, and in none of patients treated
with the VMAT method. Disabling xerostomia was
not registered in any of the examined patients in the
study (Table 3).

The results obtained by using the modified Schirmer

test were as follows: the average value of produced saliva
volume in patients treated with the three-dimensional
conformal radiation therapy was 4.2 mm; modus 1 and
0; median 3.5; maximal value was 9 mm and minimal
was 0 mm; standard deviation 1.0. In the second group
of patients treated with the volumetric modulated
radiation therapy, the mean value was 5.5 mm; modus
2; median 6; maximal 12 mm and minimal value was
0.2 mm; standard deviation was 0.4 (Table 4).

Table 4. Average values of collected saliva using the modified Schirmer test

measured in mm

Type of
radiation Mean Modus Median Max Min SD
therapy
3DCRT 4.2 1;0 35 9 0 1.0
VMAT 55 2 6 12 0.2 0.4

Discussion

During the radiation process it is necessary to protect
the salivary gland function from the damaging effects
of the radiation. Protection of the submandibular Sali-
vary glands during radiation is more complicated com-
pared to that of the parotid glands due to their location
that is in the same place as the affected lymphatic
nodes. The use of volumetric modulated radiation the-
rapy is based on computer controlled linear accelerators
that apply the radiation doses precisely on the place
that is specified for radiation or more precisely where
the tissue is affected by the tumor [7,8].

By introducing the new method of volumetric modula-
ted radiation therapy (VMAT), xerostomia that appears
after radiation treatment in patients is significantly re-
duced, which also contributes to improving the quality
of life in patients treated with radiation therapy [9,10].
The study by Taoran C. et al. evaluated a total of 222
patients treated with IMRT and VMAT radiation the-
rapy, and were followed in a period of 23 months and
7 months. The results obtained by using the VMAT
showed significant improvement that resulted in signi-
ficantly lower grades of second-degree dysphagia and
xerostomia in patients after the received radiation
therapy [11,12].

Nutting C M, Morden JP. found that 4% of their study
participants suffered of a post-radiation xerostomia after

treatment with the VMAT. The main difference in the
approach with sparing the parotid glands during treat-
ment had been in the following period of regeneration
of the parotid glands. The damaged parotid glands
showed the ability of regeneration to some degree in a
2-year period after the VMAT treatment, which com-
pared to xerostomia in patients treated with the con-
ventional radiation therapy proved to be permanent.
After 12 months following the treated patients, xero-
stomia was registered in 73% of the total number of
participants (82). Severe xerostomia was proved to be
significantly rare in the group of participants treated
with the intensity modulated radiation therapy (38%),
compared to the group of patients treated with the
conventional radiation therapy where the result was
74% [13,14]. According to Chris Nutting, the modified
radiation therapy VMAT needs to be taken and applied
as a golden standard in patients with high risk of
radiation-related xerostomia [13]. Chottetanaprasith in
his evaluation of 33 patients treated with VMAT pre-
sented results showing that survival rate at 3 years
after treatment was 81%; acute symptoms as a result of
the therapy were mucositis in 36% of participants, first
grade xerostomia in 57.6%, and second grade xerostomia
in 24.2% of participants. A conclusion was derived
that using the VMAT approach in treating patients
with nasopharyngeal carcinoma was acceptable and it
offered good results with high survival rate and accep-
table negative consequences [15].
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Conclusion

In conclusion, the usage of the new technique-volu-
metric modulated radiation therapy-offers sparing of
the salivary glands function, which can be proved with
the increased salivary flow, decreased grade of xero-
stomia and decreased representation of all post-ra-
diation complications compared to patients treated
with the three-dimensional conformal radiation therapy.

Conflict of interest statement. None declared.
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