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ABSTRACT
Background: The irradiation of sub-regions of the parotid has been linked to xerostomia development
in patients with head and neck cancer (HNC). In this study, we compared the xerostomia classification
performance of radiomics features calculated on clinically relevant and de novo sub-regions of the par-
otid glands of HNC patients.
Material and Methods: All patients (N¼ 117) were treated with TomoTherapy in 30–35 fractions of
2–2.167Gy per fraction with daily mega-voltage-CT (MVCT) acquisition for image-guidance purposes.
Radiomics features (N¼ 123) were extracted from daily MVCTs for the whole parotid gland and nine
sub-regions. The changes in feature values after each complete week of treatment were considered as
predictors of xerostomia (CTCAEv4.03, grade � 2) at 6 and 12months. Combinations of predictors were
generated following the removal of statistically redundant information and stepwise selection. The clas-
sification performance of the logistic regression models was evaluated on train and test sets of patients
using the Area Under the Curve (AUC) associated with the different sub-regions at each week of treat-
ment and benchmarked with the performance of models solely using dose and toxicity at baseline.
Results: In this study, radiomics-based models predicted xerostomia better than standard clinical pre-
dictors. Models combining dose to the parotid and xerostomia scores at baseline yielded an AUCtest of
0.63 and 0.61 for xerostomia prediction at 6 and 12months after radiotherapy while models based on
radiomics features extracted from the whole parotid yielded a maximum AUCtest of 0.67 and 0.75,
respectively. Overall, across sub-regions, maximum AUCtest was 0.76 and 0.80 for xerostomia prediction
at 6 and 12months. Within the first two weeks of treatment, the cranial part of the parotid systematic-
ally yielded the highest AUCtest.
Conclusion: Our results indicate that variations of radiomics features calculated on sub-regions of the
parotid glands can lead to earlier and improved prediction of xerostomia in HNC patients.
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Background

Radiation therapy plays a key role in the treatment of
patients diagnosed with Head and Neck Cancer (HNC).
Despite recent technological advances in radiotherapy deliv-
ery [1], a large proportion of HNC patients treated suffer
from radiation-induced xerostomia [2,3], which is related to
hypo-salivation and significantly impacts the quality of life.

Irradiation of the parotid glands disrupts salivary secretion
and the mean dose to the parotids has been shown to pre-
dict xerostomia [4,5]. This approach, however, does not take
the anatomical complexity of the glands into consideration

and could therefore be refined [6]. Several studies have
shown that key sub-regions of the parotid glands may play
distinct functions in saliva production and recovery from
irradiation.

Van Luijk et al. have shown in rats that irradiation of the
salivary ducts, found to contain stem and progenitor cells,
leads to a loss of regenerative capacity, resulting in long-
term gland dysfunction [7]. They also found in a cohort of
HNC patients that the radiation dose to the stem cells centre
(SCC) predicts the function of the salivary glands one year
after radiotherapy. In another study, the sparing of parotid
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ducts during the radiotherapy treatment of 38 patients
resulted in a reduction of patient-rated xerostomia [8]. In
parallel, Miah et al. have shown that bilateral superficial lobe
parotid-sparing intensity-modulated radiotherapy leads to a
reduction in the incidence of high-grade xerostomia com-
pared with contralateral parotid-sparing intensity-modulated
radiotherapy [9]. These studies indicate that sub-regions of
the parotid glands differ in radio sensitivity.

Radiomics is an emerging field in which features extracted
from medical images are used to uncover disease or treatment
response characteristics. In several studies, imaging biomarkers
extracted from the parotid glands from various imaging techni-
ques were found to enhance the prediction of xerostomia [10–
13]. Despite the promising results and the potential of this
approach, the predictive power of radiomics analyses is sensi-
tive to several factors, including image acquisition parameters
[14–17]. As a result, the performance of radiomics analysis in
predicting an outcome is not simply a function of the clinical/a-
natomical significance of the region studied.

Image-guidance (IG) is now commonly used in radiother-
apy where its primary purpose is to improve the accuracy of
the dose delivery [18–20]. However, these images may also
contain information on the patient-specific response to treat-
ment. Several studies have demonstrated, for various sites
including HNC, the predictive potential of radiomics calcu-
lated on IG scans [21–24]. Using such an approach, van Dijk
et al. found that the variations of radiomics features of the
parotid glands on weekly diagnostic quality CTs of HNC
patients improved the prediction of late xerostomia com-
pared to a dose-based model [25]. Whilst these studies have
demonstrated that radiomics can be used for predicting
xerostomia from the whole gland, the predictive power of
the sub-regions has not been investigated.

The aim of our study was to compare the performance of
radiomics features calculated on sub-regions of the parotid
glands for predicting xerostomia.

Material and methods

A total of 117 HNC patients treated with external beam RT at
Addenbrooke’s hospital in Cambridge between 2014 and
2017 recruited to the VoxTox study (UK CRN ID 13716)
[26,27], were selected for analysis. Toxicity, which was pro-
spectively collected based on the Common Terminology
Criteria for Adverse Events (CTCAEv4.03) scoring system, was
reported for 112 patients at 6months and 95 patients at
12months. The endpoint of interest was moderate-to-severe
xerostomia after radiotherapy and was defined by a toxicity
score � 2. The treatment characteristics and relevant clinical
information are detailed in Table 1. All patients were treated
with 30–35 fractions of 2–2.167Gy per fraction on a
TomoTherapy HiArt System (Accuray, Sunnyvale, CA, USA).
For the purpose of image-guidance, Mega Voltage CT (MVCT)
images (voxel dimensions: 0.7647� 0.7647� 6mm3) were
acquired daily. Following enhancements of the quality assur-
ance programme, HU stability of the TomoTherapy machines
improved between 2014 and 2017, corresponding to the
time interval of patient selection [28]. Relevant target-related

and organ-at-risk contours, including the parotid glands,
were delineated using the approach described in the previ-
ously published article [23]. In particular, parotid glands were
contoured by experienced clinicians on planning CTs and
propagated to daily MVCTs using a deformable image regis-
tration algorithm. An illustration of contra-lateral parotid con-
tours on MVCTs can be seen in Supplementary Material A for
one patient who reported xerostomia at 6 and 12months
after radiotherapy and one that did not.

Radiomics and statistical analyses were performed using
MatLab (Mathworks, Natick, MA, USA) software. In order to
extract features from specific regions of the contra-lateral par-
otid glands, their contours on MVCTs were divided into nine
sub-regions comprising those previously found to be associated
with xerostomia as well as de novo sub-regions derived in this
work. The corresponding masks of these sub-regions, which
were defined based on geometric patterns of the parotid con-
tours as well as bony landmarks as detailed in the following
paragraphs, are illustrated in Figure 1. The Field Of View of the
MVCTs has a maximum extent in the cranio-caudal direction.
As a result, the scans did not systematically include the whole
parotid glands for all fractions. The regions were therefore not
consistently composed of the same number of slices for the
same patient and occasionally missed some fractions. The num-
ber of patients for which the regions were successfully calcu-
lated on all 30 fractions is shown in Supplementary Material B.

First, the parotid glands were divided into three layers
including internal regions of the gland. This was done in three
dimensions by eroding the original parotid contour to produce
three equally spaced layers between the exterior border of the
contour and the core of the gland, as shown in Figure 1(E, F
and G) (outer, middle and inner layer). In this way, any isotropic
shrinkage of the gland would impact the layers in proportion.

Two regions were defined along the cranio-caudal axis
(caudal part and cranial part) to investigate the potential of
radiomics calculated on these regions for predicting xerosto-
mia. To account for the reproducibility issues previously dis-
cussed, the parotid glands were split into two regions using
the slice with a maximum volume as the border. This is
shown in Figure 2 (left graph) and allows for consistency in
the cranial/caudal definition across all fractions.

The centre of the stem cell active region was defined
based on the findings of van Luijk et al. as located next to
the dorsal edge of the mandible [7]. A sub-region directly
originating from this location was defined as a disc of a
radius of 9 pixels (disc SCC R09) centred on the SCC (Figure
1(D)). As the extent of the stem cell active region is not
known with certainty, another sub-region was defined as a
disc of 9 pixels in radius centred on the parotid’s centre of
mass CofM (disc CofM R09) on transversal slices (Figure 1(H)).

For inter-patient consistency and to exclude slices away
from the SCC, the two regions mentioned above (disc SCC
R09 and disc CofM R09) were defined on a maximum of 4
MVCT slices centred on the slice with the maximum parotid
gland volume (Figure 2, right graph).

Using the definition of Zhang et al. the parotid glands
were split into deep and superficial lobes, with a boundary
stretching from the stylomastoid foramen to the posterior
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border of the mandible [29]. The border of these two com-
plementary regions includes the SCC as shown in Figure 1
by the red crosses.

Finally, the parotid gland was considered as a whole and
was used as a reference.

Textural features were calculated on a total of nine sub-
regions of the contra-lateral parotid gland as well as on the
whole structure. At each fraction and for each region,

a total of 123 features listed in Supplementary Material C
and defined according to the Image Biomarker
Standardisation Initiative (IBSI) [30,31] were extracted. The
scripts used for feature calculation were benchmarked using
reference values provided on the IBSI website.

In this article, we provide an overview of the key steps of
data analysis. A full description of the methods used for

radiomics feature extraction and selection can be found in
Figure 1 of the following publication [23].

The present study is based on the analysis of day-to-day
kinetics of radiomics features. For this purpose, the slopes of
the regressions between the first and fractions 5, 10, 15, 20,
25 and 30, which quantify the variation in feature value that
occurred during the treatment, were extracted and consid-
ered as potential predictors of xerostomia. This resulted, for
each region studied, in 123 slopes for every week after the
start of treatment, the slopes were considered as potential
predictors of xerostomia after being standardised.

The TRIPOD (Transparent Reporting of a multivariable pre-
diction model for Individual Prognosis Or Diagnosis) checklist
showing our adherence to this initiative can be found in
Supplementary Material D. Also, the predictive performance

Table 1. demographic and treatment characteristics.

6 months 12 months

Number of patients 112 95
Moderate-to-severe xerostomia at baseline 6 (5%) 4 (4%)
Moderate-to-severe xerostomia 51 (46%) 31 (33%)
Median age [Q1–Q3] 59 [52–65] 59 [53–65]

Disease primary site Oropharynx 79 65
Oral cavity 9 8
Unknown primary 6 6
Larynx 5 4
Maxilla 4 4
Nasopharynx 3 3
Hypopharynx 3 2
Unspecified 3 3

Dose prescription 60Gy 22 20
65Gy 87 72
70Gy 3 3

Chemotherapy None 34 28
cetuximab 11 9
cisplatin 67 58

Tumour stage TNM (AJCC) 7 T0-2 77 64
T3-4 35 31

Nodal status TNM (AJCC) 7 N0-1 41 34
N2-3 71 61

Figure 1. Illustration of 8 of the 10 parotid gland regions on a transversal slice. (A) whole parotid gland; (B) deep lobe; (C) superficial lobe; (D) disc around the SCC
(radius 9 pixels); (E) outer layer; F) middle layer; (G) inner layer; (H) disc around the centre of mass (radius 9 pixels). The remaining two regions are defined based
on the cranio-caudal axis and could not be illustrated on this figure. The red cross illustrates the SCC and is used with the green cross to define the border between
the two lobes. The centre of mass of the parotid contour is shown by a red dot. The outer contour of the parotid is shown in blue and the region of interest is
highlighted by a red line.
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of our models was estimated in compliance with its recom-
mendations [32].

The selection process of the predictors consisted of three
phases and was used to choose amongst the 123 predictors
available at each week of treatment for every region as illus-
trated in Figure 3 and described in detail in this previously
published article [23]. In summary, to form the combinations

of predictors, the selection process involved the removal of
statistically redundant information and backwards forward
stepwise selection carried out on a sub-set composed of
two-thirds of the patients: the train set. This same set was
used to adjust the parameters of a logistic regression model
of every selected combination and to evaluate its predictive
power; then, the model was applied to the remaining third
of the patients: the test set. This was evaluated by the Area
Under the receiver operating Curve (AUC), resulting in
AUCtrain and AUCtest values. For robustness, the three folds
were rotated (cross-validation); this process was repeated
100 times for each combination of predictors selected.

The AUCtrain and AUCtest of the selected combinations of
predictors were plotted in Figure 4 as a function of time
since the start of treatment.

Also, to determine the potential advantage of this radio-
mics sub-regional analysis compared to conventional
approaches, AUCtrain and AUCtest of logistic regression mod-
els including mean dose to the contra-lateral parotid gland
as well as xerostomia at baseline plotted in Figure 4
(magenta dots).

Finally, to visualise the predictive power of the different
parts of the parotid glands, the average AUCtest per voxel
across all sub-regions as well as the maximum AUCtest value
was calculated and plotted in Figure 5.

Results

The proportion of patients with moderate-to-severe xerosto-
mia was 46% at 6months and 33% at 12months after radio-
therapy. The predictive performance of logistic regression
models based on mean dose to the contra-lateral parotid
gland combined with xerostomia scores at baseline
decreased for longer follow-up times, with an AUCtest of 0.63
and 0.61 at 6 and 12months. Overall, radiomics-based mod-
els were found to outperform models solely based on clinical
factors, and followed an opposite trend with an improve-
ment at predicting xerostomia for longer follow-up times

Figure 2. Volume of the slices composing a parotid gland: Illustration of the superior-inferior extension of caudal, cranial parts and SCC region.

Figure 3. Flowchart showing the selection process for the predictors.
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with a maximum AUCtest reaching 0.76 and 0.80 at 6 and
12months. The models are listed in detail in Supplementary
Material E.

When looking across all six weeks of treatment, the sub-
regions that yielded identical or higher AUCtest compared to
the whole parotid were: the core-shell and cranial part for
predicting xerostomia at 6months with AUCtest of 0.76 and

0.72 respectively (compared to 0.67 for the whole parotid),
and the superficial lobe and the cranial part for predicting
xerostomia at 12months with AUCtest of 0.80 and 0.75,
respectively (0.75 for the whole parotid).

Considering only the slopes from the first week and first
two weeks of treatment, which would leave at least four
weeks for treatment adaptation if the patient selection was

Figure 4. Predictive power (AUCtrain in panel (A) and AUCtest in panel (B)) of the 10 regions studied from predictors generated at the end of every week of treat-
ment and for the two follow-up times: 6 and 12months. SCC: stem cell centre; CofM: centre of mass; R: radius (in pixels). The magenta dots show the AUCs of mod-
els that solely used mean dose to the contra-lateral parotid gland and baseline xerostomia scores as predictors.

Figure 5. Average and maximum AUCtest across all sub-regions in colour-wash for 6, and 12months of follow-up illustrated on a transversal slice of two parotid
glands.
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performed based on these, the cranial part of the parotid
was systematically the sub-region yielding the highest
AUCtest with 0.72 at 6months and 0.75 at 12months (0.67
and 0.70 for the whole gland on this time-interval).

The superficial lobe yielded better predictors compared to
the deep lobe at 12months with AUCtest gains of 0.14 while
it was a worse predictor at 6months by 0.02 (from 0.67 to
0.69). The performance of the stem cell active region (disc
SCC R09) was systematically worse than that of the whole
parotid with an AUCtest lower by 0.03 and 0.07 at 6 and
12months, respectively.

Discussion

Using the contralateral parotid gland, radiomics classification
performance was found to be better than that of the whole
parotid gland for 2 sub-regions at 6months and 2 sub-
regions at 12months. Overall, the prediction was found to
be better at 12months than at 6months with an AUCtest of
0.80 compared to 0.76, across regions and for all six weeks
of treatment. This trend is, in this study, found to be oppos-
ite to standard models solely based on clinical factors, indi-
cating that radiomics analysis of the parotids may be
particularly useful for predicting long-term toxicity. Also,
because radiomics analysis of sub-regions of the parotid
gland (i.e. cranial part) within the first two weeks of treat-
ment yields a high classification performance, there may be
scope for selecting patients for treatment adaptation with
this approach.

Some of the regions that we found to be associated with
better prediction of xerostomia correspond to regions identi-
fied in the literature as radio-sensitive. In particular, we found
that the variations in features extracted from the cranial part
of the parotid glands were similar or stronger predictors of
xerostomia for all follow-up times compared to those calcu-
lated on the whole gland. After only two weeks of radiother-
apy treatment, the cranial part of the parotid was
systematically the best-performing region with an AUCtest of
0.72 at 6months and 0.75 at 12months (0.67 and 0.70 for
the whole gland). This increased classification performance
early in the treatment is a great advantage as it would leave
the remaining four weeks of treatment for the patients to
benefit from individualised approaches. Such personalised
strategies could consist of the introduction of stricter dose
constraints to the parotids or of a complete replanning,
which would tailor the treatment plan to the new anatomy
of the patient, compensating for morphological changes.

Konings et al. found that in rats the irradiation of the cra-
nial part of the parotid glands resulted in a more severe late
reduction in flow rate compared to the irradiation of the cau-
dal part [6]. In addition, Guo et al. found that, in HNC
patients, a lower dose to the superior portion of the two par-
otid glands was associated with a greater chance of xerosto-
mia recovery [33]. Conversely, Han et al. found that the dose
to the middle and inferior parts of the contralateral parotid
glands were stronger predictors of injury compared to other
regions [34]. However, they found recovery, to be associated

with dose to the superior part of the contralateral parotid
and middle and superior parts of the ipsilateral gland.

Buettner et al. following a detailed analysis of the dosim-
etry data from the PARSPORT clinical trial, reported that the
lateral-cranial part of the deep lobe was more sensitive to
xerostomia than other parts of the glands [35]. In this study,
we found that the superficial lobe had a similar classification
performance compared to the whole parotid at 6months but
markedly higher at 12months with an AUCtest of 0.80 com-
pared to 0.75. These results are aligned with those of previ-
ous studies suggesting that the irradiation of the superficial
lobe may play an important role in the development of xero-
stomia [9,36,37].

The work of Jeong et al. and van Luijk et al. has contrib-
uted significantly to understanding the key role that stem
cells play in xerostomia development following irradiation
[7,38]. In this study, we found that the sub-region that
included the SCC was generally a worse predictor of xerosto-
mia compared to the whole parotid. A potential explanation
of this result may be that when applying texture analysis, a
compromise must be reached between the narrowing of the
region and the quality and resolution of the images. For
example, a more radio-sensitive region may be expected to
increase the prediction of xerostomia; however, the size of
the region needs to be sufficient for the feature calculations
to be meaningful and robust.

Whilst we found that some sub-regions, known to be
radio-sensitive, yielded better predictors of xerostomia, these
results should be interpreted with caution. The features
extracted from the MVCTs are assumed to reflect the bio-
logical processes taking place during treatment although
there are many other parameters that affect this association.
The resolution and the quality of the images are for example
obvious limiting factors.

It is important to keep in mind that our findings are a
result of a single institution, single modality study that would
benefit from external collaborations, as currently being pro-
moted by recent initiatives [32,39,40]. In particular, the extent
of the clinical utility of our findings vastly depends on their
generalisability. It would be especially interesting to investi-
gate whether the present findings may be corroborated by
images from other modalities, such as the widely used Cone-
Beam CT, as, if demonstrated, this would substantially
increase the scope and the associated clinical benefits for
the patients.

In conclusion, our study indicates that variations of radio-
mics features calculated on sub-regions of the parotid glands
from daily MVCTs can lead to earlier and improved predic-
tion of late xerostomia in HNC patients compared to analysis
of the whole gland. Strategies to use such information to
individualise treatment approaches may be clinically
worthwhile.
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