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Objective: To investigate the value of diffusion-weighted magnetic resonance imaging (DW-MRI) as a noninvasive tool to
assess salivary gland function for follow-up of patients with radiation-induced xerostomia.

Materials and Methods: This study included 23 patients with nasopharyngeal carcinoma who had been treated with parotid-
sparing radiotherapy (RT). Salivary function was assessed by DW-MRI pre-treatment and one week and one year post-RT,
respectively. The maximum apparent diffusion coefficient (ADC) of parotid glands (pADCmax) and the time to peak ADC of
parotid glands (pTmax) during stimulation were obtained. Multivariate analysis was used to analyze factors correlated with
the severity of radiation-induced xerostomia.

Results: The ADCs of parotid and submandibular glands (1.26 + 0.10 x 10® mm?/s and 1.32 + 0.07 x 10 mm?/s pre-RT,
respectively) both showed an increase in all patients at one week post-RT (1.75 + 0.16 x 10 mm?/s, p < 0.001 and 1.70 +
0.16 x 10° mm?/s, p < 0.001, respectively), followed by a decrease in parotid glands at one year post-RT(1.57 + 0.15 x 10
mm?/s, p < 0.001) but not in submandibular glands (1.69 + 0.18 x 10 mm?/s, p = 0.581). An improvement in xerostomia
was found in 13 patients at one year post-RT. Multivariate analysis revealed 4 significant predictors for the improvement of
xerostomia, including dose to parotid glands (p = 0.009, odds ratio [OR] = 0.639), the ADC of submandibular glands (p =
0.013, OR = 3.295), pADCmax (p = 0.024, OR = 0.474), and pTmax (p = 0.017, OR = 0.729) at one week post-RT.
Conclusion: The ADC value is a sensitive indicator for salivary gland dysfunction. DW-MRI is potentially useful for
noninvasively predicting the severity of radiation-induced xerostomia.
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INTRODUCTION damage to salivary glands and consequent hyposalivation
can appear early in the course of treatment and can result
Salivary glands are commonly irradiated with a high dose  in varying degrees of xerostomia (2), which may reduce
of radiotherapy (RT) when treating head and neck cancers, the quality of life in long-term survivors and pose a new,
especially nasopharyngeal carcinoma (NPC) (1). Radiation distressing health problem for them. Although the risk
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DW-MRI in Radiation-Induced Xerostomia

of xerostomia has been reduced with the use of intensity
modulated radiotherapy (IMRT), it is not always possible to
spare major salivary glands, and xerostomia is still one of
the most frequent complications resulting from RT (3-5).

Currently, there are a variety of different methods
available for the assessment of radiation-induced
xerostomia. Salivary flow rate measurement is the most
commonly applied objective technique, but its low
reproducibility may lead to an inconsistent result and
limit the usefulness of this measurement modality (6).
Salivary gland scintigraphy has also been widely used to
evaluate salivary gland function. However, it involves
the use of ionizing radiation, and its spatial resolution is
unsatisfactory (7).

Diffusion-weighted magnetic resonance imaging (DW-
MRI) is an imaging technique able to detect the Brownian
motion of water molecules and to quantify the diffusion by
measuring the apparent diffusion coefficient (ADC). It has
shown its value in the assessment of normal salivary glands,
salivary tumors, and non-neoplastic disorders affecting the
salivary glands (8-11). A few previous studies have already
dealt with DW-MRI in irradiated salivary glands, but there
are considerable discrepancies with respect to the changes
in ADC after RT (12-15). Moreover, the correlation between
ADC values and decreased salivary function remains unclear,
and there are no existing reports concerning DW-MRI in a
long-term follow-up of radiation-induced xerostomia.

The aim of this study was to investigate the value of DW-
MRI with salivary secretion stimulation as a noninvasive
tool to assess salivary gland function for follow-up of
patients with radiation-induced xerostomia.

MATERIALS AND METHODS

The local institutional ethics committee granted ethical
approval for this study, and each patient provided informed
written consent prior to participation.

Study Design

From August 2009 to April 2013, 28 patients with biopsy-
proven and previously untreated NPC were enrolled for this
prospective study. Five patients were excluded on the basis
of local recurrence (n = 2) and distant metastasis (n = 3)
within one year after RT, resulting in a total of 23 patients
(8 women and 15 men; median age, 46 years; age range,
35-59 years) included in the analysis.

All patients received 9-field IMRT with 6 MV photon
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beams and chemotherapy with docetaxel, cisplatin, and
5-fluorouracil. Dose prescription was 60-70 Gy to the
macroscopic disease, 60 Gy to the regions at high risk for
microscopic disease, and 54 Gy to the regions at low risk
for microscopic disease, administered over 6.0-6.5 weeks
with a daily fraction of 2.2 Gy. Treatment planning was
performed on the Pinnacle3® treatment planning system
(Philips Healthcare, Best, the Netherlands). Whenever
possible, the mean doses to bilateral parotid glands were
kept at < 26 Gy. Dose constraints were not given to the
submandibular glands.

MRI was performed on each patient before the start of RT
and 1 week and 1 year after the completion of RT. Clinical
xerostomia was assessed at the same time that MRI was
conducted, according to the Radiation Therapy Oncology
Group (RTOG) radiation morbidity scoring criteria. None of
the patients had a history of salivary gland disease before RT.

MRI Examinations

A 3T MR system (SignaHDx; GE Healthcare, Milwaukee,
WI, USA) with a maximum gradient capability of 23 mT/m
and an 8-channel neurovascular head and neck array coil
was used to obtain MR images. All patients were asked to
fast for at least 1 hour before the examination. Initially,
a T1-weighted spin-echo series (echo time [TE] = 14 ms,
repetition time [TR] = 900 ms, matrix size = 192 x 384,
section thickness = 6 mm, intersection gap = 1.5 mm, field
of view [FOV] = 180 x 240 mm) and a T2-weighted fast spin-
echo series (TE = 126 ms, TR = 1600 ms, matrix size = 160
x 320, section thickness = 8 mm, intersection gap = 1 mm,
FOV = 220 x 280 mm) were performed in the transvers plane
for anatomical localization and morphologic evaluation of
the salivary glands. The images encompassed the area from
the skull base to the undersurface of the submandibular
glands, including entire parotid and submandibular glands.

Thereafter, an axial echo-planar diffusion-weighted
imaging (DWI) sequence was obtained with a TR of 6000
ms, a minimum TE of 80 ms, a matrix of 128 x 96, and 2
excitations. The other imaging parameters, including FOV,
section thickness, and intersection gap, were identical to
those for T2-weighted imaging. Five different b values (b
=0, 400, 600, 800, and 1000 s/mm?) were used. These
motion-probing gradients were applied in each of three
orthogonal directions with the same strength. The parotid
and submandibular glands were scanned respectively, and
two DWI sequences were acquired at rest. The acquisition
time of each sequence was 2 minutes 42 seconds, and
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nine sections that covered entire parotid or submandibular
glands were obtained.

Subsequently, six 100 mg tablets of commercially
available ascorbic acid were given orally. Patients were
instructed to let the tablets melt in their mouths without
chewing. During the salivary stimulation, the DWI sequence
was repeated 7 times on parotid glands, with intervals of
18 seconds between consecutive sequences and a total scan
time of 21 minutes.

Image Analysis

Apparent diffusion coefficient maps were automatically
constructed for all DWI images by means of pixel-by-pixel
calculation. The ADC values were calculated using the
following equation: S(i) = So x exp (=bi x ADC), where S(3i)
is the signal intensity measured on the ith b value image, bi
is the corresponding b value, and So is a variable indicating
the exact signal intensity for b = 0 s/mm? To reduce the
influence of noise on the calculations, diffusion images
with all the applied b factors were used.

The data were digitally transferred from the MRI
unit console to an independent Linux workstation with
dedicated software (Advantage Workstation Version 4.3; GE
Healthcare). On the native DWI images, regions of interest
(ROIs) were manually drawn on three contiguous slices on
the midsection of each gland, including as much of the
gland parenchyma as possible but excluding the regions
containing large vessels such as the retromandibular vein
and external carotid artery (Fig. 1). T2-weighted images
were used to guide the delineation of the glands. These
ROIs were automatically copied to the corresponding ADC
maps on all sequences before and during the stimulation

A
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for ADC calculations. Measurements obtained from the three
contiguous slices in each gland were averaged for further
data analysis. The mean ADC of parotid glands at rest (pADC)
and submandibular glands at rest (sADC), the maximum ADC
of parotid glands (pADCmax), and the time to peak ADC of
parotid glands (pTmax) after stimulation were obtained.

For comparison, a circular ROI of 60 mm? was also placed

in the center of the pons for each subject before and after
RT. All the measurements of ADC values were performed
independently by two radiologists with 9 years” (Reader

1) and 30 years’ (Reader 2) experience in head and neck
imaging. To assess intra-observer reproducibility, Reader 1
repeated the measurements twice in a 2-week period and
recorded the ADC values again.

Statistical Analysis

The numerical data were presented as absolute numbers
and mean + standard deviation. Kolmogorov-Smirnov’s
test was used to determine whether the parameters from
DWI were normally distributed. Paired 2-tailed Student’s t
tests were used to compare the doses and the ADC values
of parotid and submandibular glands. To compare the DW-
MRI findings at different times before and after RT, two-
way analysis of variance and the Bonferroni correction
were conducted. Clinical data including sex, age, radiation
doses, and ADC-related parameters between patients
with different degrees of xerostomia were compared
using an unpaired Student’s ¢t test, a chi-square and a
Wilcoxon test as appropriate. Multivariate stepwise logistic
regression analysis with forward selection was conducted
by considering the alleviation of xerostomia as a target
variable and the best predictors from the univariate tests as

Fig. 1. 55-year-old male patient with nasopharyngeal carcinoma before RT.
Axial T2-weighted images and corresponding diffusion-weighted images of parotid (A, B) and submandibular glands (C, D) were obtained. Regions
of interest were manually drawn in reference to T2-weighted images, including as much of gland parenchyma as possible. RT = radiotherapy
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explanatory variables. The variables with a p value < 0.15
were entered in the model. Calculations of an intra-class
correlation coefficient (ICC) were used to determine the
level of reproducibility for ADCs. A p value less than 0.05
was considered to be a statistically significant difference.
All statistical analyses were performed with SPSS Statistics
software (Version 20.0; IBM Corp., Armonk, NY, USA).

RESULTS

Radiotherapy

All 23 patients completed IMRT. Clinical xerostomia
measured by RTOG criteria was Grade 0 before RT and
Grade 2 at 1 week post-RT in all patients. At 1 year post-
RT, xerostomia changed to Grade 1 in 56.5% (13/23)
patients, and it was still Grade 2 in the remaining 43.5%
(10/23) patients. There was no significant difference
in sex and age between the two groups (p = 0.551 and
0.516, respectively). The mean doses to salivary glands are
provided in Table 1. The dose to parotid glands in patients
with Grade 1 xerostomia was significantly lower than that
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in patients with Grade 2 (p < 0.001), but there was no
significant difference on submandibular glands between the
two groups (p = 0.100).

Diffusion-Weighted MRI

Satisfactory reproducibility of the measurement of ADC
values was achieved. The inter-observer ICC calculated on
the basis of the measurements from two radiologists was
0.91 (p < 0.001), and the intra-observer ICC calculated
based on the two measurements from Reader 1 was 0.94 (p
< 0.001). Therefore, all outcomes were based on the first
measurements from Reader 1.

The ADCs of salivary glands before and after RT were
shown in Table 2. After acid stimulation, the ADC of parotid
glands increased from 1.26 + 0.10 x 10 mm?/s to 1.48 +
0.18 x 10”° mm?/s before RT (p < 0.001), from 1.75 + 0.16
x 10 mm?/s to 2.03 + 0.23 x 10”° mm?/s at 1 week after RT
(p < 0.001), and from 1.57 + 0.15 x 10 mm?®/s to 1.79 +
0.14 x 10 mm?/s at 1 year after RT (p < 0.001). Compared
with the pre-RT values, the pADC and the pADCmax both
showed an increase at 1 week post-RT (p < 0.001), followed

Table 1. Doses of Salivary Glands for All Patients and Subgroups with Different Grades of Late Xerostomia

All Patients Grade 1 Grade 2 P
Patient number 23 13 10
Parotid glands (Gy) 40.82 + 4.60 (30.71-50.48)  38.84 + 3.92 (30.71-50.48)  43.40 + 4.19 (33.16-50.17) < 0.001
Submandibular glands(Gy) ~ 59.78 + 3.58 (53.20-72.55)  59.02 + 3.81 (53.20-72.55)  60.77 + 3.06 (54.98-67.60) 0.100

Table 2. Diffusion-Weighted Magnetic Resonance Imaging Findings of Salivary Glands at Different Times before and after RT for
Patients Grouped by Clinical Xerostomia at One Year Post-RT (x 107 mm?/s)

. Subgroups
All Patients (n = 46) Grade 1 (n = 26) Grade 2 (n = 20) P

Pre-RT

pADC 1.26 + 0.10 1.25 + 0.10 1.27 £ 0.11 0.521

pADCmax 1.48 £ 0.18 1.47 £ 0.17 1.49 £ 0.19 0.708

pTmax (minutes) 10.04 + 6.24 9.92 + 6.83 10.20 + 5.54 0.883

sADC 1.32 +0.07 1.32 £ 0.08 1.32 + 0.07 0.874
1 week Post-RT

pADC 1.75 £ 0.16 1.72 £ 0.16 1.79 £ 0.15 0.150

pADCmax 2.03 £0.23 1.97 + 0.24 2.10 £ 0.21 0.074

pTmax (minutes) 12.85 + 6.68 10.85 + 7.00 15.45 + 5.36 0.019

sADC 1.70 £ 0.16 1.75 £ 0.12 1.64 +0.19 0.013
1 year Post-RT

pADC 1.57 £ 0.15 1.56 + 0.13 1.60 + 0.17 0.371

pADCmax 1.79 + 0.14 1.80 + 0.15 1.78 + 0.14 0.583

pTmax (minutes) 12.91 £ 6.92 12.00 + 7.45 14.10 £ 6.09 0.313

sADC 1.69 + 0.18 1.66 + 0.17 1.72 £ 0.19 0.309

ADC = apparent diffusion coefficient, pADC = ADC of parotid glands at rest, pADCmax = maximum ADC of parotid glands, pTmax = time to
peak ADC of parotid glands, sSADC = ADC of submandibular glands at rest, RT = radiotherapy
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Fig. 2. Box plots show different ADC levels of salivary glands
in all patients before and after RT. Mean and median are given
by dotted and solid lines, respectively (dotted lines, means; solid
lines, medians; boundaries of boxes, 25%/75% quintiles; error bars,
10%/90% quintiles; data points, outliers). Graph shows that ADC
values of salivary glands increase after RT (p < 0.001). Compared with
1 week post-RT, pADC and pADCmax both decreased at 1 year post-
RT (p < 0.001), but sADC shows no significant change (p = 0.581).
ADC = apparent diffusion coefficient, pADC = ADC of parotid glands
at rest, pADCmax = maximum ADC of parotid glands, sADC = ADC of
submandibular glands at rest

by a decrease at 1 year post-RT (p < 0.001), but still higher
than the baseline values (Fig. 2). The sADC also showed

an increase from 1.32 + 0.07 x 10° mm?/s to 1.70 + 0.16

x 10® mm?/s at 1 week post-RT (p < 0.001), but without

a decrease at 1 year post-RT (1.69 + 0.18 x 10° mm?®/s, p

= 0.581) (Fig. 2). The pTmax post-RT became longer than
that before RT (p < 0.001). As a reference tissue, the ADCs
of the pons showed no significant change during the entire
investigation period.

Grouped by clinical xerostomia at 1 year post-RT, the DW-
MRI findings are presented in Table 2. Before RT, the pADC
(1.25 + 0.10 x 10° mm?/s), pADCmax (1.47 + 0.17 x 107
mm?/s), pTmax (9.92 + 6.83 minutes), and sADC (1.32 + 0.08
x 10 mm?®/s) in patients with Grade 1 xerostomia showed
no significant difference with those in patients with Grade 2
(1.27 £ 0.11 x 10° mm?/s, 1.49 + 0.19 x 10~ mm?/s, 10.20
+ 5.54 minutes, and 1.32 + 0.07 x 10~ mm?/s, respectively).
At 1week post-RT, patients with Grade 1 xerostomia had
a shorter pTmax (10.85 + 7.00 minutes, p = 0.019) and a
higher sADC (1.75 + 0.12 x 10° mm?/s, p = 0.013) than
those with Grade 2 (15.45 + 5.36 minutes and 1.64 + 0.19 x
10”° mm?/s, respectively) (Figs. 3-5). At 1 year post-RT, the
differences between the two groups disappeared.
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Fig. 3. Bar charts show mean values and 95% of confidence
intervals of pTmax after stimulation in patients with different
grades of late xerostomia. Only at 1 week post-RT, two groups
show significant differences (p = 0.019). pTmax = Time to peak ADC of
parotid glands
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Fig. 4. Box plots show different ADC levels of salivary glands
at 1 week post-RT in patients with different grades of late
xerostomia. Mean and median are given by dotted and solid lines,
respectively (dotted lines, means; solid lines, medians; boundaries
of boxes, 25%/75% quintiles; error bars, 10%/90% quintiles; data
points, outliers). Graph shows that sADC is higher in patients with
Grade 1 xerostomia than those with Grade 2 (p = 0.013).

Prediction of Radiation-Induced Xerostomia

The multivariate regression analysis revealed 4 significant
predictors for the improvement of xerostomia, including dose
to parotid glands (p = 0.009, odds ratio [OR] = 0.639), sADC
(p =0.013, OR = 3.295), pADCmax (p = 0.024, OR = 0.474),
and pTmax (p = 0.017, OR = 0.729) at 1 week post-RT.
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Fig. 5. ADC changes of parotid glands. Line graphs indicate

ADC changes of parotid glands after stimulation at 1 week post-

RT in 55-year-old male patient (patient 1) who experienced Grade 2
xerostomia both at 1 week and 1 year post-RT and 56-year-old female
patient (patient 2) who had improvement in xerostomia late after

RT. pADCmax were lower and pTmax were shorter in patient 2 than in
patient 1. sADC were higher in patient 2 (R = 1.81 x 10° mm®/s, L = 1.74
x 10 mm?/s, not shown) than in patient 1 at 1 week post-RT (R = 1.58
x 107 mm?/s, L = 1.60 x 10° mm?/s). L = left, R = right

DISCUSSION

In this prospective study, a DWI protocol was used
to evaluate the changes of major salivary glands in
NPC patients before and after parotid-sparing IMRT. We
confirmed previous findings and add additional data about
ADC changes in irradiated salivary glands at different time
points after RT (16). To our knowledge, the current study,
with a long-term follow-up, is the first to demonstrate
the difference between acute and late radiation-induced
xerostomia using functional parameters defined by DWI.
Meanwhile, our results revealed significant correlations
between early ADC-related parameters and late xerostomia
grades. One week after RT, patients with a lower parotid
dose, lower pADCmax, shorter pTmax, and higher sACD were
more likely to show improvement rather than a permanent
loss of salivary gland function. As such, DWI-based
prediction of xerostomia development could be used to
identify patients who require more aggressive investigations
for salivary function, therefore enabling earlier preventive
or curative interventions.

Radiation-induced hyposalivation often occurs in the
early stage of RT. A significant decrease in salivary secretion
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has been documented in the first days after irradiation
(2, 17). In this series, xerostomia measured by RTOG
criteria changed from Grade 0 to Grade 2 in all patients
at 1 week post-RT, suggesting acute reduction of salivary
gland function. Meanwhile, the ADC values of parotid and
submandibular glands both showed a significant increase,
which is in accordance with previous studies (10, 13, 14).
A possible explanation for the ADC trend is that acinar
cells of the parotid glands decreased in number as a result
of radiation damage (18), and comparable changes have
been observed in submandibular tissue (19, 20). A lower
cell density will induce an augmented water diffusivity and
consequently an increase in ADC. However, Zhang et al. (15)
used relatively low b values (10, 50, 100, 150 s/mm?) and
found that the ADC values decreased linearly with impaired
salivary gland function after RT. This discrepancy may be
attributable to the b values chosen. Lower b values reflect
the perfusion and saliva flow in the salivary glands, whereas
higher b values approximate true diffusion (11). Decreased
blood and saliva flow due to radiation injury may lead to
the decrease in ADC obtained from relatively low b values.
The ability of IMRT to avoid unnecessary irradiation of
salivary gland tissue, thereby preserving gland function and
reducing xerostomia, has been abundantly demonstrated. In
a matched case-control study, Jabbari et al. (21) found that
xerostomia improved over time after IMRT, but not after
conventional RT, and that the potential benefits gained
from IMRT were not apparent until 6 months or more after
therapy. Lin et al. (22) reported that both xerostomia and
quality of life improved significantly during the first year
after IMRT. In the present study, xerostomia changed from
Grade 2 to Grade 1 in 56.5% patients 1 year after IMRT,
suggesting an improvement of dry mouth and recovery of
salivary gland function. At the same time, a significant
decrease in ADC was found in parotid glands but not in
submandibular glands, which were not spared during
IMRT. The drop in pADC is thought to reflect the decreased
water diffusivity as a result of an increase in the acinar
cell number, which indicates functional recovery of the
glands. A rat model study has proven that an initial drop
in the number of acinar cells was followed by an increase
in the late post-irradiation period (120-240 days) (23). In
addition, radiation-induced damage in the lower dose range
might be reversible to a certain extent, whereas higher
doses generally produce a permanent loss of salivary gland
function (24). This may explain why the sADC receiving
a higher dose than parotid glands in our patients did
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not recover over time. In our study, the radiation dose

to submandibular glands was higher compared to that

of parotid glands, perhaps causing greater damage and
delayed healing in submandibular glands. This might be
an explanation for the sADC in which no change was found
during the follow-up after RT.

Diffusion-weighted imaging combined with gustatory
stimulation could acquire more valuable information
regarding secretory function. In accordance with previous
studies (8-10, 12), a significant increase in ADC values of
unirradiated parotid glands was found after stimulation,
which may be due to the active production of new
saliva and consequently an increase of free water in the
extracellular space after stimulation. A similar response
to gustatory stimulation was found after RT, with a
longer pTmax. A possible explanation could be that the
cells” capacity to produce saliva after IMRT persisted,
but radiation damage could lead to acinar cell loss and
hampered water secretion, resulting in a lower rate to the
peak state.

An exponential relationship between function loss and
mean dose has been clearly demonstrated for parotid
glands, suggesting that it is essential to respect a certain
mean dose threshold to preserve gland function (25).
Different thresholds of radiation dose, ranging from 20 Gy
to 40 Gy, have been shown in previous studies (25-27). In
this study, we did not intend to calculate the threshold for
salivary glands because all patients underwent IMRT and
received a relatively narrow dose range. However, we found
that an improvement in xerostomia was observed in patients
receiving a mean parotid dose of 38.84 Gy, significantly
lower than that in patients without a recovery, and the
parotid dose was confirmed as a significant predictor in
multivariate analysis, indicating that high-dose radiation
exposure to the parotid glands could aggravate the severity
of xerostomia. In addition, we found that patients with late
Grade 1 xerostomia had a shorter pTmax than those with
Grade 2 at 1 week post-RT. This is thought to reflect less
damage and more residual function in parotid glands due
to lower mean dose in patients with Grade 1 xerostomia.
Another difference between the two groups was that the
sADC at 1 week post-RT was higher in patients with Grade 1
xerostomia than those with Grade 2, possibly corresponding
to the presence of fibrosis and necrosis at different extents
and individual response to irradiation, for the submandibular
glands in the two groups both received a high dose
irradiation in which there was no significant difference
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between the two groups. In addition, the relationship
among ADC values, salivary function, and radiation dose
might be applicable within a certain range. Furthermore,
the submandibular glands are different from parotid glands
in histologic composition, and they contribute about 70%
of all saliva in the resting state. Wada et al. (28) reported
that submandibular gland hypofunction had the strongest
influence on the clinical severity of xerostomia. Therefore,
the feasibility of sparing of submandibular glands with
IMRT should also be evaluated.

In our opinion, the most interesting findings of the
present study were the significant correlations between
early ADC-related parameters and late xerostomia grades
after IMRT. ADC is expected to vary according to the
microstructures or pathophysiologic states of the tissues,
even at very early stage of disease (29). It has been used
for prediction of treatment response in head and neck
cancers (30). Our results indicated that DWI could allow
assessment of radiation-induced changes within the salivary
glands predicting for late effects.

This study had some limitations. First, this is the first
study using DWI to evaluate salivary gland function in
both acute and late radiation-induced xerostomia so there
is no guideline for interpreting the results. Moreover, the
sample size was relatively small, and the range of radiation
dose to salivary glands was narrow. A correlation between
the dose and changes in ADC of salivary glands could not
be made. Future investigations with a larger patient group
are required. Second, because of the considerable scan
duration of the DWI sequence, we evaluated only stimulated
parotid glands that contribute 60-70% of all saliva under
stimulated conditions. However, DWI without stimulation
may be used as well to evaluate the radiation-induced
changes of submandibular glands by comparing ADC values
before and after treatment. In addition, the follow-up
period was not long enough because it was reported that
salivary gland function could still recover up to 5 years
after RT (31). Further, chronic autoimmune sialadenitis
that is asymptomatic and normal on imaging studies in its
early stages should be considered in the follow-up because
limited functional reserve can result in a different response.
Finally, it was suggested that late radiation damage after
partial irradiation may be region-dependent in salivary
glands (32). Therefore, it would be interesting to evaluate
whether DWI might be used to assess regional radiation
effect inside the glands.

In conclusion, our results demonstrated the post-
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RT changes in ADC of salivary glands and significant
correlations between early ADC-related parameters and
late xerostomia grades, suggesting DW-MRI with gustatory
stimulation could noninvasively evaluate the functional
changes of salivary glands following RT, and it seems a
useful tool for early prediction of the severity of radiation-

induced xerostomia.
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