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in the early assessment of radiation-induced parotid
damage in patients with nasopharyngeal carcinoma

following intensity-modulated radiotherapy

XIANHAI ZHANG'", ZHIFENG XU'", YABIN JIN?, LINWEN HUANG',
WENXIU WU' and MINGYONG GAO'

1Department of Radiologys; 2Clinical Research Center, The First People's Hospital of Foshan,
Foshan, Guangdong 528000, PR. China

Received October 17,2023; Accepted February 12,2024

DOI: 10.3892/01.2024.14313

Abstract. The present study aimed to investigate the
value of intravoxel incoherent motion imaging (IVIM) and
three-dimensional pulsed continuous arterial spin labeling
(ASL) in assessing dynamic changes of the parotid gland in
patients with nasopharyngeal carcinoma (NPC) following
radiotherapy (RT). A total of 18 patients with NPC who under-
went intensity-modulated RT were enrolled in the present
study. All patients underwent conventional magnetic reso-
nance imaging, plus IVIM and ASL imaging of the bilateral
parotid glands within 2 weeks prior to RT, and 1 week (1W)
and 3 months (3M) following RT. Pure diffusion coefficient
(D), pseudo-diffusion coefficient (D*), perfusion fraction (F)
and blood flow (BF) were analyzed. D and BF values were
significantly increased from pre-RT to 1W post-RT [change
rate: Median (IQR), AD,y%: 39.28% (38.23%) and ABF,y,%:
60.84% (54.88%)] and continued to increase from IW post-RT
to 3M post-RT [55.44% (40.56%) and ABF%: 120.39%
(128.74%)]. In addition, the F value was significantly increased
from pre-RT to 1W post-RT, [change rate: Median (IQR),
AF w%: 28.13% (44.66%)], and this decreased significantly
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from 1W post-RT to 3M post-RT. However, no significant
differences were observed between pre-RT and 3M post-RT.
Results of the present study also demonstrated that the D*
value was significantly decreased from pre-RT to 1W post-RT
and 3M post-RT [change rate: Median (IQR), AD*,,: -41.86%
(51.71%) and AD*3: -29.11% (42.67%)]. No significant differ-
ence was observed between the different time intervals
post-RT. There was a significant positive correlation between
percentage change in ABFIW and radiation dose (p=0.548,
P=0.001). Thus, IVIM-diffusion-weighted imaging and ASL
may aid in the detection and prediction of radiation-induced
parotid damage in the early stages following RT. They may
contribute to further understanding the potential association
between damage to the parotid glands and patient-/treat-
ment-related variables, through the assessment of individual
microcapillary perfusion and tissue diffusivity.

Introduction

Xerostomia caused by gland radiation injury is a common
complication of radiotherapy (RT) in patients with nasopha-
ryngeal carcinoma (NPC) that adversely affects long-term
quality of life. Studies have confirmed that the degree of
glandular functional impairment is highly correlated with
radiation dose (1,2). Therefore, modern RT techniques, such as
conformal RT, intensity modulated RT (IMRT) and salivary
gland preservation, are used to minimize radiation-mediated
damage to the parotid gland. In addition, specific drugs are
also used to protect the microstructure of the parotid gland, to
minimize functional damage, thereby reducing the symptoms
of dry mouth (3). However, treatment remains inadequate, and
further investigations into alternative strategies are required
to improve the protection of the parotid tissue. In addition,
further understanding of the mechanisms and evolution of
radiation injury of the parotid gland during the whole course
of RT is required, particularly in the acute phase. Notably, a
decline in gland function due to radiation damage is reversible
during the acute phase (4). Results of previous studies demon-
strated that inflammation, edema, degeneration and necrosis of
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acinus cells, vascular injury and organ atrophy occurred in the
glandular tissues of rats, pigs and rhesus monkeys following
radiation exposure (4,5). Due to the invasive nature of parotid
tissue biopsies and the lack of comprehensive access to the
complete glandular tissue damage, similar studies in human
subjects are not possible. Therefore, it is of great clinical value
to develop in vivo techniques for monitoring radiation damage
of the parotid gland at both cellular and vascular levels.

Quantitative functional magnetic resonance imaging
(MRI) is used for accurately and non-invasively determining
microscopic changes in radiation damage in glands. For
example, diffusion and perfusion MRI technology accu-
rately provide multiple quantitative indicators associated
with tissue biology, such as cell density and vascular perfu-
sion (6,7). Dynamic contrast-enhanced (DCE) MRI (8) is
a well-established technique for evaluating hemodynamic
characteristics of various tissues, such as vascular leakage
and permeability. However, DCE MRI is limited, as the
injection of contrast media may cause renal impairment
and renal fibrosis. Three-dimensional pulsed continuous
arterial spin labeling (3D-pCASL) technology safely and
non-invasively evaluates tissue perfusion without the use of a
contrast agent. Instead, freely diffusing water molecules are
used as endogenous contrast agents (9). Diffusion-weighted
imaging (DWI) provides insights into the cellular structure
and is sensitive to the heat-driven motion of water molecules
in tissues (6). Therefore, DWI accurately reflects the state of
radiation-induced cell inactivation. Intrixel incoherent motion
imaging (IVIM) is a further development of DWI, capable
of delivering both diffusion and perfusion imaging results
without the need for contrast injection, with the advantage of
being completely non-invasive (9,10). IVIM has been widely
used in hepatic fibrosis evaluation (11), staging (9,10), efficacy
evaluation (12), the differential diagnosis of fibrosis, and moni-
toring of NPC recurrence following RT (13).

In January 2019, a prospective study of IVIM and
3D-pCASL was established to assess the tumor response to
IMRT in patients with NPC. As part of this ongoing study,
the effects of radiation damage to the parotid gland were
investigated following treatment. The present study aimed to
investigate the effects of radiation damage to the parotid gland
in a total of 18 patients.

Materials and methods

Patients. In total, 22 patients with NPC who were diagnosed
using nasopharyngeal endoscopy and pathology in The First
People's Hospital of Foshan(Guangdong, China) from January
2019 to July 2019 were included in the present study, and the
corresponding data were collected. The inclusion criteria were
as follows: i) All patients were diagnosed for the first time and
had not received any treatment (chemotherapy or chemoradio-
therapy); ii) patients had no history of other parotid diseases;
and iii) there were no MR examination contraindications.
Patients were excluded from the present study according to
the following criteria: i) The presence of other head and neck
tumors; ii) a history of factors affecting the function of the
parotid gland, including mumps, rheumatic immune disease, a
history of tumor chemotherapy or secretory disease; iii) poor
image quality; and iv) poor compliance (Including the intake of

Table I. Selected patient and tumor characteristics.

Characteristic Value
Patients (parotid glands), n 18 (36)
Sex (male/female), n 14/4
Median age (IQR), years 49.50 (12)
T stage, n (%)

T1 0 (0.00)

T2 9 (50.00)

T3 3(16.67)

T4 6 (33.33)
N stage, n (%)

NO 1 (5.56)

N1 7 (38.89)

N2 7 (38.89)

N3 3(16.67)
M stage

MO 18 (100.00)
Clinical stage

II-111 11 (61.11)

v 7 (38.89)
Radiation dose, mGy

Median (IQR) 3715.65 (477.02)

Range 3076.50-6897.50

acidic food within 1 h of MR examination). In total, 4 patients
were excluded from the present study. Notably, 2 cases exhib-
ited artifacts on imaging, 1 case failed to be re-examined
within the specified time period, and 1 patient consumed
a carbonated drink 15 min prior to examination. Thus,
18 patients (14 men and 14 women; age range, 34-56 years;
median age, 50 years) with NPC were included in the present
study, leading to data being available for a total of 36 parotid
glands. The detailed clinical information of all patients is
displayed in Tables I and SI. Tumor staging was carried out
according to the staging standard of the eighth edition of the
American Joint Committee on Cancer guidelines (14).

This prospective study was carried out in accordance
with the latest version of the Declaration of Helsinki and
was approved by the Ethics Committee of The First People's
Hospital of Foshan [approval no. 2018 (18th)]. Written informed
consent was obtained at the time of the first MR examination
from each patient.

Chemoradiotherapy regimen. According to the China
Nasopharyngeal Cancer Staging 2017 Edition (15), all enrolled
patients exhibited disease stages II-IVA. Three stages of induc-
tion chemotherapy were performed in all patients, followed by
radical concurrent chemoradiotherapy plus targeted therapy,
in which RT was performed with head and neck IMRT. The
total gross dose of the tumor was 70 mGy, the segmentation
dose was 2.12 mGy and the number of segmentations was
33. Chemotherapeutic agents were administered prior to RT
(docetaxel, 60 mg/m?, intravenous drip; Nedaplatin (SinopOD:
H20064294, specification: 10 mg/branch) 60 mg/m2,
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ASL-BF mapping

Figure 1. Radiation dose profile and parotid region of interest mapping on IVIM and ASL images. (A) Radiation dose profile, (B) Region of interest profile of
IVIM and (C) region of interest profile of ASL. IVIM, intravoxel incoherent motion imaging; D, pure diffusion coefficient; BF, blood flow; ASL, arterial spin

labeling.

intravenous drip; 21 days as a course of treatment, continuous
treatment for 2 courses.

Radiation dosage data acquisition. The RT regimen for all
patients was based on CT positioning images. Patients wore a
thermoplastic body membrane of the head, neck and shoulder
in a supine position, and were positioned in the Philips
16-row large-aperture spiral CT simulation machine (Philips
Healthcare). The scanning range spanned from the top of the
head to ~2 cm below the edge of the clavicle, and the thick-
ness of the image layer was ~3 mm. Localized CT images and
3D-T1 Bravo images obtained during pre-treatment scans of
patients were transferred to the treatment planning system
(Varian Eclipse version 10.0; Varian Medical Systems, Inc.).
CT location images were fused with the MR 3D-T1 Bravo
images using the automatic matching function. Two nasopha-
ryngeal radiotherapists delineated the target area on the fusion
image. Mean and maximum doses were obtained (Fig. 1A).

MRI protocols. Examinations were performed using a 3.0T
MR scanner (Discovery 750w 3.0T MR system; Cytiva) and
an 8-channel head-and-neck combined coil. The conven-
tional MR examination included the T1-weighted imaging
fluid-attenuated inversion recovery sequence as follows: Time
of repetition (TR), 657 msec; time of echo (TE), 24 msec; time
of inversion, 780 msec; a fat-saturated T2WI fast spin echo
(FSE)-based sequence; TR/TE, 5,114/110 msec; number of
excitations (NEX), 2.0; field of view (FOV), 240x240 mm;
matrix, 288x224; and section thickness/gap, 5/1 mm.
IVIM-DWI was performed using 13 b-values (0, 10, 20, 40,
60, 100, 120, 160, 200, 400, 600, 800 and 1,000 sec/mm?), and
applied using the following single-shot spin echo echoplanar
imaging sequence: TR, 3,685 msec; TE, 43 msec; NEX, 2.0;
FOV, 240x240 mm; matrix, 160x160; and section thick-
ness/gap, 5/0 mm. For 3D-pCASL, an ASL sequence with a
3D FSE spiral acquisition was performed using the following
parameters: TR, 4,295 msec; TE, 11.5 msec; NEX, 3.0; section
thickness/gap, 3/0 mm; layer number, 30; FOV, 220x220 mm,;
matrix, 288x192; post Label Delay (PLD) time, 1,025 msec; and
scanning time, 4 min 10 sec. Axial T2WI-FSE was performed

using a scanning range and positioning line consistent with
those of ASL, and the following additional parameters: TR/TE,
3,000/68 msec. All patients underwent conventional MRI,
IVIM and ASL imaging of the bilateral parotid glands within
2 weeks prior to RT and 1 week and 3 months following RT.

The consumption of food or drink was not permitted for at
least 1 h prior to MR examination.

MRI data analysis. The IVIM and ASL raw data obtained
from scans were transferred to GE-AW 4.6 workstation soft-
ware (GE Healthcare) for post-processing. Three parameters,
namely, pure diffusion coefficient (D), pseudo-diffusion coef-
ficient (D*) and perfusion fraction (F), were automatically
derived and calculated from IVIM, by fitting the MR signal
acquired at 13 b-values to a bi-exponential model. Blood flow
(BF) was automatically derived and calculated from ASL
data. The regions of interest (ROIs) were determined within
the largest section of the parotid gland on the fusion diagram,
using parameters derived from IVIM or ASL and T2WI. The
ROI in the D map included the maximal potential amount
of parotid parenchyma, excluding visible parotid ducts and
retromandibular veins (Fig. 1B). Additional ROIs were auto-
matically matched on D* and F maps. Selection of the ROI in
ASL-BF images was consistent with the parameter images of
IVIM (Fig. 1C). To improve the accuracy of the ROI outline, all
images were enlarged 2-3 times. The change rates of ASL-BF
and IVIM (D, D* and F) parameters were calculated using the
following equation: AR(T)%=(Rpost-RT-Rpre-RT)/Rpre-RT
x100, where R represents BF, D, D* and F; and T represents
time.

Measurements of all MR parameters were performed by
two radiologists with 8 and 12 years of experience in head and
neck radiology, respectively. Both radiologists were blinded to
the clinical data of the patients and were not aware of the aims
of the present study. In total, two doctors reviewed the images
and measured the data, and all image analyses and parameter
measurements were consistent.

Statistical analysis. Statistical analysis was performed
using SPSS software (version, 24.0; IBM Corp.). Descriptive
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Table II. Dynamic changes of D, D*, F and BF at different follow-up time-points.

Parameters Pre-RT 1W post-RT 3M post-RT
D, x107 sec/mm? 0.77 (0.19) 1.11 (0.39) 1.21 (0.28)
D*, x107 sec/mm? 100.05 (28.85) 65.65 (35.08) 69.80 (35.70)
F, % 0.241 (0.10) 0.315(0.14) 0.256 (0.09)
BF, ml/100 g/min 24.64 (10.46) 42.00 (16.24) 55.75 (26.92)
AD, % - 39.28 (38.23) 55.44 (40.56)
AD*, % - -41.86 (51.71) -29.11 (42.67)
AF, % - 28.13 (44.66) 3.30 (40.43)
ABF, % - 60.84 (54.88) 120.39 (128.74)

D, pure diffusion coefficient; D*, pseudo-diffusion coefficient; F, perfusion fraction; BF, blood flow; RT, radiotherapy; 1W, 1 week; 3M,

3 months. Data are presented as Median (IQR).

statistics were used to analyze the demographic data and
clinical characteristics of all patients. Numerical data are
presented as the mean + standard deviation when normally
distributed. All other data are presented as the median (IQR).
Kolmogorov-Smirnov's test was used to determine whether
the parameters were normally distributed. The difference
in percentage changes of all parameters derived from IVIM
and ASL over time were assessed using a repeated measures
Kruskal-Wallis test, and the Wilcoxon rank-sum test was then
used as the post hoc test, with Bonferroni's correction used to
correct P-values. Potential correlations between MR param-
eters and dose were analyzed using Spearman's correlation
coefficient. P<0.05 was considered to indicate a statistically
significant difference.

Results

Basic information of patients. Among the 18 included patients,
all patients successfully underwent the planned therapeutic
regimens and follow-up MR examinations. Detailed clinical
data of each patient were available in taleS1. No measure-
ments were excluded due to insufficient quality. ASL-BF and
multi-parameters of IVIM (D, D* and F) images of bilateral
parotid glands of one representative subject pre- and post-RT
are displayed in Fig. 2. All patients exhibited different degrees
of dry mouth without quantitative grading.

Dynamic changes in D, D* F and BF at different follow-up
time-points. Dynamic changes in D, D*, F and BF values
are displayed in Table II and Fig. 3. Results of the present
study demonstrated that D and BF values both increased
significantly pre-RT to 1 week (IW) post-RT [median change
rate: Median (IQR), AD,y%: 39.28% (38.23%) and ABF,y,%:
60.84% (54.88%)], and these continued to increase from 1W
post-RT to 3 months (3M) post-RT [change rate: Median (IQR),
AD%: 55.44% (40.56%) and ABF%: 120.39% (128.74%)].
The results of the present study also demonstrated that the
parotid F value was significantly increased from pre-RT to
IW post-RT [change rate: Median (IQR), AF,w%: 28.13%
(44.66%)], and this was significantly decreased from 1W to 3M
post-RT. Notably, there were no significant differences in the
change rates between pre-RT and 3M post-RT [change rate:

Median (IQR), AF;,%: 3.30% (40.43%)]. From pre-RT to IW
post-RT and 3 month (3M) post-RT, the parotid D* value was
significantly decreased [change rate: Median (IQR), AD*,:
-41.86% (51.71%) and AD*4: -29.11% (42.67%)]. However,
no significant differences were observed between different
post-RT time intervals.

Correlation between AD, AD* AF and ABF and RT dose.
Results of the present study demonstrated that there was a
significant positive correlation between percentage change
in ABF,y and radiation dose (p=0.548; P=0.001). Notably, a
higher radiation dose was correlated with a larger percentage
change in ABF,,, However, the correlation was insignificant
between ABF;,, and radiation dose (p=0.095). No significant
correlations were observed between AD, AD* and AF and
radiation dose at the different follow-up time-points (Table I1I).

Discussion

Salivary gland cells are sensitive to radiation; therefore, a
lack of saliva secretion in patients with head and neck tumors
following RT may cause a series of complications, such
as dry mouth, dysphagia, loss of taste and oral ulcers (16).
These symptoms may also affect a patients' quality of life.
Results of a previous study revealed that patients with head
and neck tumors who received RT experienced a significant
reduction in the size of the parotid glands in the early stages
following RT, which may be associated with a decrease in the
number of gland cells and acinar atrophy (6,7,17,18). In addi-
tion to gland cells, vascular endothelial cells have remained
the focus of research surrounding radiation-mediated injury,
and the results of previous animal experiments demonstrated
that radiation reduces the microvessel density of the parotid
gland and local blood flow (5,19). The reduction of local tissue
perfusion may affect the function of the excretory duct in the
parotid gland, thereby affecting the secretion and excretion of
saliva. Non-invasive imaging technology is used to accurately
determine potential changes in the morphology and function
of the salivary glands damaged by radiation, and to aid in
determining the pathophysiological mechanisms underlying
radiation damage. As the function of the salivary glands and
the degree of radiation damage differ between individuals,
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Table III. Correlation of radiation dose with change in intravoxel incoherent motion imaging and arterial spin labeling parameters

at different follow-up time-points.

Statistic RT dose AD,y ADsy AD* AD*5y AF,y AF;y ABF ABF,,
p 1.00 -0.092 -0.070 -0.233 -0.243 0.242 0.042 0.549 0.283
P-value 0.592 0.685 0.171 0.153 0.156 0.807 0.001 0.095

RT, radiotherapy; D, pure diffusion coefficient; D*, pseudo-diffusion

3 months.

coefficient; F, perfusion fraction; BF, blood flow; 1W, 1 week; 3M,

IVIM-D*

Figure 2. Representative 3D-ASL and IVIM images of bilateral parotid glands of a 58-year-old male patient with nasopharyngeal carcinoma at different
time-points pre- and post-RT. For the parotid glands, BF images and D images both illustrated a significantly higher signal at 1W post-RT and 3M post-RT
compared to that pre-RT. D* images illustrated a gradually decreasing signal at IW post-RT and then 3M post-RT compared with that pre-RT. F images
illustrated a significantly higher signal at 1W post-RT compared with that pre-RT, and with a similar signal at 3M post-RT. IVIM, intravoxel incoherent motion
imaging; D, pure diffusion coefficient; D*, pseudo-diffusion coefficient; F, perfusion fraction; BF, blood flow; ASL, arterial spin labeling; RT, radiotherapy;

1W, 1 week; 3M, 3 months.

imaging techniques sensitive to tissue hemodynamics and cell
characteristics are used to clarify the different mechanisms
underlying radiation-induced blood vessel and cell damage
in healthy tissues. The evaluation and dynamic monitoring
of changes in the functional structure of the salivary glands
are invaluable during radiation injury. Therefore, the present
study used ASL and IVIM technologies to determine the
pathological and physiological changes in parotid gland tissue
following RT.

Compared with values at baseline pre-RT, the BF value
demonstrated a continuous upward trend at IW, 1M and 3M
post-RT. We hypothesized that this trend may be associated

with the expansion of microvascular lumen and an increased
local blood flow. In the early stages of RT, the number of
vascular endothelial cells are significantly decreased, leading
to damage to the structure and function of microvessels.
This damage may be manifested as abnormal expansion and
rupture of the lumen, and other pathological changes (20).
The apoptosis of vascular endothelial cells may lead to an
inflammatory response in blood vessels (21), and the expres-
sion of tumor necrosis factor a and interleukin 1, and other
inflammatory factors. Upregulation leads to reactive dilation
of microvessels and increased local blood perfusion (20,21).
In another study using DCE technology, similar results were
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Figure 3. Dynamic changes of multiple-parameter (D, D*, F and BF) values. (A) AD%, AF% and ABF% showed significant differences between IW post-RT
and 3M post-RT. (B) Values of D and BF increased significantly after RT at different follow-up time-points. F value increased first and then decreased, while
the D* value was reversed. IVIM, intravoxel incoherent motion imaging; D, pure diffusion coefficient; D*, pseudo-diffusion coefficient; F, perfusion fraction;
BF, blood flow; ASL, arterial spin labeling; RT, radiotherapy; ns, non-significant; 1W, 1 week; 3M, 3 months. "P<0.05, “P<0.01, ““P<0.001 and “""P<0.0001.

obtained. The volume transfer constant (K,,,,.) continued to
rise following RT, which may be associated with the increase
in vascular permeability following early RT (7,22).

Compared with traditional DWI, the IVIM uses a double
exponential model to distinguish the signal generated by the
diffusion motion of water molecules from the microvascular
perfusion signal, to determine an accurate reading of the
expansion speed of water molecules in the tissue (23). Results
of the present study demonstrated that at 1IW and 3M post-RT,
the coefficient D value of the parotid gland continued to
increase. These results are indicative of the continuous
increase in the diffusion rate of water molecules in the parotid
gland tissue following RT, supporting the results of previous
studies (6,24). Trends observed in the D value are indicative
of the gradual shrinkage and degeneration of serous acinar

cells of the parotid gland, and these may decrease in number
with an increase in the cumulative dose (6,18,22,24). A
decrease in the density of glandular cells leads to an increase
in the diffusion in tissues. During treatment, internal D
gradually increased in the present study. In previous studies,
the observation time varied from a few weeks to a few
months following RT; however, an increase in the observed
D value may be associated with the presence of necrosis and
fibrosis (18,24). Moreover, previous studies on DCE MRI
demonstrated that an increase in the extracellular space (Ve)
and plasma volume (Vp) of the parotid gland tissue following
RT may also lead to a significant increase in the free diffusion
of water molecules (7,8,22). In the present study, compared
with the value observed at baseline, the D* value reflecting
the microvascular perfusion component continued to decrease
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at 1W and 3M post-RT, while the F-value reflecting the
microvessel density increased at 1W post-RT and decreased
at 3M post-RT. However, these results were not statistically
significant. Notably, these results differed from the change
trend of the BF value observed using ASL. We hypothesized
that the type of imaging technology may lead to differences,
and the histology and cytology of the response also differ.
Notably, the diameter and number of capillaries will impact
the local BF value. D* and F values are indicative of the
number and density of microvessels, and are therefore used
more frequently in tumor grading, and in the differentia-
tion between benign and malignant tumors (23,25). Further
investigations into the stability of the D* value are required,
as this is also affected by vascular osmotic pressure (26).
Based on the results of the present study, we hypothesized
that the decrease in the number of microvessels in the early
stage of RT is not significant, and although there is a transient
decrease in the number of microvessels at 3M post-RT, this
number remains within a recoverable range.

Results of the present study demonstrated no significant
correlation between changes in the parameters of IVIM (AD,
AD* and AF) and the average dose received by the parotid
glands. These results were similar to those obtained by
Marzi et al (24). Protecting the parotid gland tissue results
in a limited range of dose received by some parotid glands.
In addition, differences in parotid gland tissue type, such as
fat content, may also affect the results. van Dijk e al (27)
demonstrated that the ratio of parotid gland fat content to
functional parotid gland tissue exerted a positive effect on
radiation damage. Previous studies (7,22) also reported the
association between average dose and perfusion index (Ve
and Vp); however, some studies revealed that the significant
correlation between D value and mean dose (Dmean) is
closely associated with tissue cell density, which is indica-
tive of a dose-dependent loss of acinar cells (22,24,28). ABF
is positively correlated with Dmean, and ABF,,, exhibits a
significant correlation with Dmean (24,26,28). Notably, results
of the present study demonstrated that there was a trend for
BF to increase at IW and 3M post-RT; however, ABF gradu-
ally decreased. We hypothesized that some glands may have
received higher doses. In the later stage of injury, the effects
of inflammation and endothelial destruction are offset by the
effects of vascular injury, leading to a decrease in permeability
and blood vessel density, which ultimately leads to a decrease
in BF. These results are consistent with those described by
Lee et al (22), and results of the DCE MR study revealed that
changes in K., were consistent.

The present study adopted a prospective research
approach to evaluate the values of various functional param-
eters obtained by MRI, IVIM and ASL in patients with NPC
prior to RT, and at 1W and 3M post-RT. Investigating the
dynamic changes in various parameters before and after
RT at each stage may aid in determining the microscopic
changes in parotid gland tissue, including transient patholog-
ical changes. Results of the present study may provide novel
insights into the mechanisms underlying radiation injury in
parotid gland tissue.

However, the present study exhibits numerous limitations.
The clinical data of xerostomia (grading of dry mouth and
salivary gland secretion) were not included in the present
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analysis. Therefore, clinical data analysis of parotid gland
function was not available in the present study. In addition,
the duration of follow-up was limited to 3M post-RT, while
salivary gland function may recover up to 5 years after
RT (29). The sample size of the present study was small, and
factors that may affect parotid gland tissue damage, such
as dosage and dose distribution, and differences in parotid
gland tissue composition were not classified. Therefore, the
results of the present study require further validation in future
studies. Moreover, IVIM-DWI and ASL were performed in
the present study using parotid gland tissue in the resting state,
and investigations were not conducted during the functional
state. Thus, further olfactory and taste stimulation studies are
required. A combination with ASL technology may lead to
improved results.

In conclusion, IVIM-DWI and ASL may aid in deter-
mining the mechanisms underlying radiation damage to the
parotid gland, through the acquisition and recording of water
molecular diffusion, microcirculation and perfusion param-
eters. Further investigations into the changing trends of D, F
and BF values, and the change rate at various follow-up time
points may improve the prediction of microstructural changes
to parotid gland tissue.
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