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Purpose: Sparing of single-side parotid gland is a common practice in head-and-neck (HN) inten-
sity modulated radiation therapy (IMRT) planning. It is a special case of dose sparing tradeoff be-
tween different organs-at-risk. The authors describe an improved mathematical model for predicting
achievable dose sparing in parotid glands in HN IMRT planning that incorporates single-side sparing
considerations based on patient anatomy and learning from prior plan data.
Methods: Among 68 HN cases analyzed retrospectively, 35 cases had physician prescribed single-
side parotid sparing preferences. The single-side sparing model was trained with cases which had
single-side sparing preferences, while the standard model was trained with the remainder of cases. A
receiver operating characteristics (ROC) analysis was performed to determine the best criterion that
separates the two case groups using the physician’s single-side sparing prescription as ground truth.
The final predictive model (combined model) takes into account the single-side sparing by switching
between the standard and single-side sparing models according to the single-side sparing criterion.
The models were tested with 20 additional cases. The significance of the improvement of prediction
accuracy by the combined model over the standard model was evaluated using the Wilcoxon rank-sum
test.
Results: Using the ROC analysis, the best single-side sparing criterion is (1) the predicted median
dose of one parotid is higher than 24 Gy; and (2) that of the other is higher than 7 Gy. This criterion
gives a true positive rate of 0.82 and a false positive rate of 0.19, respectively. For the bilateral sparing
cases, the combined and the standard models performed equally well, with the median of the predic-
tion errors for parotid median dose being 0.34 Gy by both models (p = 0.81). For the single-side
sparing cases, the standard model overestimates the median dose by 7.8 Gy on average, while the
predictions by the combined model differ from actual values by only 2.2 Gy (p = 0.005). Similarly,
the sum of residues between the modeled and the actual plan DVHs is the same for the bilateral spar-
ing cases by both models (p = 0.67), while the standard model predicts significantly higher DVHs
than the combined model for the single-side sparing cases (p = 0.01).
Conclusions: The combined model for predicting parotid sparing that takes into account single-side
sparing improves the prediction accuracy over the previous model. © 2014 American Association of
Physicists in Medicine. [http://dx.doi.org/10.1118/1.4862075]
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1. INTRODUCTION

For head-and-neck (HN) cancer radiation therapy, intensity
modulated radiation therapy (IMRT) has significant advan-
tage in reducing the severity and incidence of xerostomia
over three-dimensional conformal radiotherapy because of
improved parotid sparing.1–3 The current consensus clinical
guidelines for parotid sparing are derived from population-
based toxicity studies, such as the QUANTEC (Ref. 4) and

RTOG.5 Studies have shown that gland function reduction oc-
curs minimally at 10–15 Gy mean dose, gradually increases
at 20–40 Gy mean dose range, and becomes severe when
mean dose >40 Gy.4, 6, 7 The QUANTEC guideline recom-
mends that at least one parotid gland should receive less than
20 Gy mean dose, or both parotid glands should receive less
than 25 Gy mean dose. In addition, the mean dose to each
parotid gland should be kept as low as possible. The parotid
gland dose sparing objectives recommended by RTOG are: at
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least one parotid gland should receive less than 26 Gy mean
dose, or 20 cc of the combined volume of the left and right
parotids should receive no more than 20 Gy dose, or alterna-
tively at least 50% of the one gland receive no more than 30
Gy. As we can see, both guidelines include criterion to spare
single side parotid as well as to spare bilateral parotids. Meet-
ing either one of them can usually avoid severe xerostomia.
The decision of which criterion to use is often left to the clin-
icians to make during treatment planning.

In clinical practice, the physicians often visually inspect
the patient-specific anatomy. In cases where the location of
the primary tumor or bulky lymph nodes causes large overlap
of one parotid with the planning target volume (PTV) thus it
is unlikely to spare both parotid glands, they will choose to re-
duce or remove the dose constraint to one parotid in exchange
for more sparing in the salvageable parotid on the contralat-
eral side for a more favorable radiobiological outcome.8 In
this paper, we use the term “single-side sparing” to refer to
the special consideration used to plan these cases and use the
term “bilateral sparing” to refer to the cases where the physi-
cians choose to spare both parotid glands.

A number of methods have been developed to predict the
achievable organ-at-risk (OAR) dose sparing in HN IMRT
treatment planning based on patients’ anatomical features and
past planning experiences.3, 9–13 Our earlier work showed en-
couraging results using knowledge-based mathematical mod-
els to describe the quantitative correlations between patient
anatomical features and the achievable dose sparing in a num-
ber of OARs.12 These correlations represent the clinical ac-
ceptable tradeoff between PTV dose coverage and the dose
sparing in these OARs. However, none of the reported meth-
ods considered the sparing of single side parotid in HN IMRT
planning. The sparing of single side parotid reflects a “break
point” in the normally continuous tradeoff between the left
and right parotids and it is a special case of dose sparing trade-
off between different OARs. Our data show that this type of
special, discontinuous tradeoff between left and right parotids
is actually a common practice in HN IMRT planning.

This study focuses on improving the previously reported
knowledge-based model in order to better predict dose spar-
ing in parotid glands.12 Our new model incorporates single-
side sparing considerations so that it can more closely re-
flect the clinical planning tradeoffs and decisions. This model
proposes a quantitative criterion for automatic determination
of cases suitable for single-side parotid sparing and accounts
for the extra dose sparing in the salvageable parotid of these
cases.

2. MATERIALS AND METHODS

2.A. Patient data

Sixty-eight HN patients were retrospectively retrieved for
training OAR dose prediction models, under an Institutional
Review Board (IRB) approved protocol. The prescription was
44–50 Gy to primary PTV and 66–70 Gy to boost PTV. These
cases include oropharynx, oral cavity, hypopharynx, and lar-
ynx tumors. Nasopharynx tumor cases are not included in this

study because they usually involve an additional set of critical
organs different from other HN cancer types and the correla-
tion between parotid sparing and patient anatomical features
is also somewhat different. There was no institutional tem-
plate for dose constraints in HN IMRT planning. Instead, the
dose constraints were prescribed case by case by the physi-
cians after careful examination of patient anatomy and indi-
cations. In 35 of these 68 cases physicians prescribed single-
side sparing preferences, where the dose constraints were in-
dicated as “minimize when possible” or “no constraint” to
the unsalvageable side of the parotid. The dose sparing to the
salvageable side was prescribed with tighter constraints and
was emphasized during planning by finding the highest level
of dose sparing for the parotid without sacrificing the PTV
coverage.

For model validation, 20 additional cases, 10 cases with
physician prescribed single-side sparing preferences and 10
without, were used. These cases had the same characteristics
as those used for model training.

2.B. Building models to predict parotid DVH

In the previous study, we have successfully built a non-
linear model that predicts OAR DVH sparing using an ar-
ray of anatomical features.12 This model did not distinguish
single-side sparing cases from bilateral sparing cases; all HN
cases were trained together to build a generic OAR sparing
model. Implementation of this model was detailed in the pre-
vious work.12 In summary, a number of patient’s anatom-
ical and dosimetric features were considered in the model
(Table I). In addition to volume features, the features of dis-
tance to target histogram (DTH) were extracted by principal
component analysis.14 The prescriptions for PTV dose cover-
age and dose homogeneity were included as explanatory fac-
tors to account for the tradeoff between PTV coverage and
OAR sparing. A step-wise multiple regression method was
used to select the most significant patient features which in-
fluence the OAR dose sparing in the training plans.15

In the previous work, the primary and boost plans within
one treatment course are modeled separately. However, physi-
cian’s dose constraints are usually prescribed on the summed
plans which combine the primary and boost plans for the
entire treatment courses. In this study, two predictive mod-
els were developed to characterize the dependence of parotid
dose sparing on patient anatomical features in the summed
plans. The single-side sparing model was trained by using
the spared parotids data in physician prescribed single-side

TABLE I. List of patient anatomical and dosimetric features in the model.

Anatomical and dosimetric features

Distance to primary and boost target histogram (Refs. 12 and 16)
Position of the OAR relative to the treatment fields
OAR, primary and boost PTV volumes
Fraction of OAR volume overlapping with PTVs (overlap volume)
Fraction of OAR volume outside the treatment fields (out-of-field volume)
PTV dose coverage and dose homogeneity
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sparing cases, while the standard model was trained with
the remainder of cases for which the planning objectives is
to spare bilateral parotids. The final model is the combina-
tion of these two models. Given a patient case, the combined
model initially predicts parotid dose sparing using the stan-
dard model. Then, if the predicted parotid dose satisfies cer-
tain single-side sparing criterion, the combined model will ap-
ply the single-side sparing model to provide prediction of the
parotid dose that takes into account the effects of single-side
sparing.

2.C. Establish single-side sparing criterion

In clinical treatment planning, cases with single-side
parotid sparing tend to have large overlap between PTV and
one side of the parotid, which result in high dose in that
parotid. Therefore, in this study we use the median dose (D50)
predicted by the standard model as criterion for triggering
single-side sparing. The single-side sparing criterion in this
study is formulated by median dose instead of mean dose
because the physicians prescribe parotid dose sparing con-
straint in terms of median dose in our institution. Let D

L,Std
50

and D
R,Std
50 represent the predicted median dose in the left and

right parotids, respectively, and d1 and d2 be the thresholds
doses for the two parotids. A case is identified as a single-side
sparing case if the following condition is satisfied:

(
D

L,Std
50 > d1 and D

R,Std
50 > d2

)
or

(
D

L,Std
50 > d2 and D

R,Std
50 > d1

)
.

The “or” in the above condition specifies that the condition
can be triggered either by d1 applied to right parotid and d2 to
left parotid or vice versa.

To determine the best decision threshold, a receiver operat-
ing characteristics (ROC) analysis was performed by varying
the threshold values and comparing the model-based clas-
sification at different thresholds against physician’s single-
side sparing prescription.17 The decision criterion were de-
termined by the point on the ROC curve which maximizes
the likelihood ratio,18 which is defined as: likelihood ratio
= sensitivity/(1 − specificity). A larger value of likelihood
ratio means the physician is more likely to prescribe a case as
single-side sparing case if the case satisfies the criterion.

A previous study has shown strong correlation between
portion of parotid volume overlapping with PTV and parotid
mean dose.3 It suggests that sparing the parotid which has
large overlap with PTV (>21% of parotid volume) may lead
to inadequate PTV coverage. Thus, we tested the alternative
method to identify single-side sparing cases by directly us-
ing the parotid-PTV overlap volume. A case would be identi-
fied as a single-side sparing case if the portion of parotid vol-
ume which overlaps with the primary PTV were greater than
a threshold value. This method was compared with the crite-
rion based on the predicted parotid median dose by a ROC
analysis.

The combined model for parotid dose sparing is con-
structed by combining the single-side sparing criterion, the
standard and the single-side sparing models. When a case sat-

isfies the single-side sparing criterion, the parotid with lower
predicted D50 is chosen to be further spared and its value is
predicted by the single-side sparing model.

2.D. Validation of the DVH prediction model

To assess the effectiveness of the final model (the com-
bined model) and its improvement over the standard model,
we performed validation tests using the validation dataset.
The validation dataset is outside the training database, with
ten cases having single-side sparing preferences prescribed by
physicians and ten cases not. Both the standard and combined
models are applied to these cases. The differences between
the model-predicted values and the actual plan values are cal-
culated to evaluate the prediction accuracy.

Two quantitative measures were calculated to compare the
differences in the modeled and actual planned DVHs. The
first measure uses D50 as an indicator of dosimetric predic-
tion accuracy. For the combined and standard models, respec-
tively, the difference between the predicted D50 and actual
clinical values was calculated for each validation case and
the distribution of the differences was visualized in box plots.
Furthermore, for the two sets of differences computed from
the two models, a Wilcoxon rank-sum test was performed
to assess the significance of improvements in prediction
accuracy.19

While the median of the parotid median dose differences
between the combined model prediction and the actual plan
values was utilized to assess the prediction accuracy at a spe-
cific dosimetric point, the sum of residues (SR) is used as the
second measure to quantify the overall difference of the entire
DVH curves between the modeled and the actual plan’s. SR,
introduced by Appenzoller et al.,13 is defined as the sum of
the differences between two DVHs over each dose bin (calcu-
lated at 1% prescription dose interval):

SR =
∑∞

D=0
[V Actual(D) − V Model(D)] · �D,

where V Actual(D) and V Model(D) are the fractional volume
values corresponding to normalized dose D on the actual
and modeled DVHs, respectively, and �D is the dose bin
width. A positive SR value indicates the actual clinical DVH
is higher than the modeled DVH on average, and vice versa.
The Wilcoxon rank sum tests were again performed to show
significance of any separation between the two models.

3. RESULTS

3.A. Training of the standard and single-side
sparing models

Both standard and single-side sparing models describe
the dependency of the first three principal component scores
(PCS) of the parotid DVHs on a number of patient factors.
The determination coefficients R2 of the standard models that
account for the first two PCS are: PCS1: 0.81, PCS2: 0.68.
Those of the single-side sparing models are: PCS1: 0.72,
PCS2: 0.45. Examples of four single-side sparing cases and
four bilateral sparing cases from the training data sets are
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FIG. 1. The actual plan DVHs and model predicted DVHs of both side
parotids in four examples of single-side sparing cases and four examples of
bilateral sparing cases from the training data sets. The “nonspared” parotids
are not used to train the single-side sparing model. They are shown in the
figure to demonstrate the trade-off effect.

shown in Fig. 1. The actual plan DVHs and model predicted
DVHs for both parotids are plotted. The “nonspared” parotids
are not used to train the single-side sparing model. They are
shown in the figure to demonstrate the trade-off effect.

3.B. Establish single-side sparing decision criterion

The median dose values predicted by the standard model
for the 68 cases are plotted in Fig. 2. The median dose for
the left parotid is represented by the Y-axis and that for the
right parotid is represented by the X-axis. The single-side
sparing thresholds d1 and d2 were varied and the true posi-
tive rate (TPR) and false positive rate (FPR) were calculated
for each pair of thresholds by comparing the model classifica-

FIG. 2. The dosimetric criterion for single-side parotid sparing. Each marker
represents one patient plan. The single-side sparing region is the light gray
area above the two L-shaped single-side sparing threshold lines.

FIG. 3. The ROC curve in solid is constructed by varying the single-side
sparing threshold d1 and d2 and compare the threshold identified single-side
sparing cases with the preidentified cases. Each dot in the figure represents
a combination of d1 and d2. The dashed curve is the ROC curve for the de-
cisions that use the portion of parotid volume overlapping with PTV as the
criterion.

tion against physician prescriptions (ground truth). The ROC
curve is plotted in Fig. 3. The area under curve (AUC) for the
ROC is 0.87. On the ROC curve, we choose the point with
true positive rate and false positive rate of TPR = 0.82, FPR
= 0.19. At this point, the likelihood ratio has a maximum at
4.3 and it corresponds to the threshold of d1 = 24 Gy and
d2 = 7 Gy. Thus, a patient case will be considered a single-
side sparing case if (1) the predicted median dose of one
side parotid is greater than 24 Gy; and (2) the value for the
other side is greater than 7 Gy. This single-side sparing re-
gion is visualized in Fig. 2 as the light gray area above the two
L-shaped threshold lines.

As a comparison, the ROC curve calculated by using the
portion of parotid volume overlapping with PTV as criterion
is also plotted (Fig. 3). It has an AUC as 0.73. The lower AUC
indicates the criterion based on predicted parotid median dose
is more consistent with physician’s clinical single-side spar-
ing decisions.

With this threshold, 29 of the 35 physicians prescribed
single-side sparing cases (square and “X” markers in Fig. 2)
are correctly identified as single-side sparing cases, while 27
of the 33 physicians prescribed bilateral sparing cases (di-
amond markers in Fig. 2) are correctly identified as bilat-
eral sparing cases. Most misclassified cases are close to the
diagonal-line of the figure indicating high symmetry of the
PTV to the left and right parotids. One single-side sparing
case misclassified as bilateral sparing case has very low right
parotid D50 (<5 Gy) and a left parotid D50 of about 25 Gy.

3.C. Validation of DVH prediction model

Within the ten validation cases which have physician
prescribed single-side sparing preferences, seven cases were
correctly classified. In those three misclassified cases, the
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FIG. 4. Two examples of correctly classified cases and two examples of misclassified cases. (a) and (c) Physician prescribed bilateral sparing cases; (b) and (d)
physician prescribed single-side sparing cases.

predicted D50 for both parotids are in the ranges of 20–24 Gy.
Also, the geometrical relationships of the left and right
parotids with the PTV are very similar. This indicates that
even though physician has prescribed single-side sparing
based on his/her personal estimation, the clinical plan would
be able to spare both parotids to less than the critical threshold
of 24 Gy.

Within the ten validation cases without physician pre-
scribed single-side sparing, eight cases were correctly clas-
sified. In the two misclassified cases, both the right parotid
D50 were predicted at about 26 Gy, and the left parotid me-
dian doses were predicted at 21 and 19 Gy, respectively. These
two cases were just above the single-side sparing threshold of
24 Gy, and were clinically interpreted by physician as bilat-
eral sparing cases.

Two examples of correctly classified cases and two exam-
ples of misclassified cases are shown in Fig. 4. As shown in
the figure, for bilateral sparing cases, both the standard and
the combined models predict closely to clinical plan values
[Figs. 4(a) and 4(c)]. For single-side sparing cases, the com-
bined model is much closer to clinical values when single-
side sparing is clearly favored in clinical situations as in
Fig. 4(b). On the other hand, when single-side sparing is bor-
derline necessary (parotid D50 being close to 24 Gy) as shown
in Fig. 4(d), both the standard and combined models are close
to clinical D50 values.

Figure 5(a) compares the prediction accuracies on parotid
medain dose between the standard and the combined model.
The prediction error is the difference between the predicted
median dose values and the actual planned values, and is vi-
sualized in box plots for the bilateral sparing cases, single-
side sparing cases, and all cases together. In the figure, the
horizontal bars inside the boxes indicate the locations of the
median of the distributions, and the boxes represent the in-
terquartile range (IQR) of the distributions (the 25% quartile
to 75% quartile).19 Outliers, represented by crosses, are de-
fined as the points more than 1.5 times IQR away from the
box edge. The upper and lower extreme values are represented
by the horizontal bars connected to the box.

For the bilateral sparing cases, the combined and the stan-
dard models performed equally well, with the median of the
prediction errors being 0.34 Gy by both models (p = 0.81).
For the single-side sparing cases, the standard model over-
estimates the D50 by 7.8 Gy on average, while the predic-
tions by the combined model differ from actual values by only
2.2 Gy (p = 0.005). The differences between these two mod-
els are not significant when only the bilateral sparing cases
are considered or when both the single-side sparing and bi-
lateral sparing cases are considered together (p = 0.81 and
0.11). However, the difference between these two models is
significant (p = 0.005) when single-side sparing cases alone
are considered.
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FIG. 5. Box plot depicting prediction accuracies on parotid median dose (D50) by the standard and the combined model. The prediction error is the difference
between the model-predicted values and the actual planned values. (a) Differences of parotid median dose. (b) The sum of residues between the modeled and
actual plan DVHs.

The modeled and actual planned DVH curves are com-
pared using the SR index in Fig. 5(b). Since the SR calcu-
lates the difference of the two DVH curves, a value close
to zero indicates a close match between the modeled and
the actual planned DVH curves. A positive SR value indi-
cates the actual plan DVH has higher values (hotter) than
the modeled DVH on average, and vice versa. The predic-
tion accuracy of the combined model and the standard model
is the same for the bilateral sparing cases: the medians of the
SR for the two models are −0.002 and −0.009, respectively
(p = 0.67). For single-side sparing cases, the medians are
−0.08 and −0.015, respectively, and are significantly differ-
ent (p = 0.01), which indicates the standard model predicts
DVHs significantly higher than the actual planned DVHs.

When all the cases are considered together, the medians are
−0.018 and −0.007, respectively, and not significantly differ-
ent (p = 0.09).

4. DISCUSSION

IMRT planning involves many different types of tradeoff
situations. In addition to the dose sparing tradeoff between
the left and right parotid glands, there are also indications in
our dataset that the parotid dose sparing is influenced by other
OARs in some cases. For example, we see a lack of oral cavity
or larynx constraints comes with a lower parotid dose. While
this type of tradeoff between the dose sparing of parotids and
other OARs is a very interesting topic, it is outside the scope
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of this study. Currently the effect of the tradeoff is treated
as the standard deviation of the regression model. We also
would note that, in most clinical cases, the priorities of spar-
ing organs do follow convention or templates; hence there is
high consistency in most cases in terms of the prescriptions
for OAR sparing constraints.

Single-side parotid sparing is prescribed to loosen or elim-
inate dose constraint to one parotid in exchange for lower me-
dian (and mean) dose of the salvageable parotid on the con-
tralateral side. In cases where the PTV mainly resides on one
side of the neck, the contralateral side parotid will get little
dose, thus there is no need to give up the parotid sparing on
the ipsilateral side. These cases are shown along the long arms
of the two “L” shapes in Fig. 2 (with the dose threshold of
7 Gy). For these cases, physician and planner often do not
just spare single-side parotid. The only exception is in one
case where sparing right parotid is emphasized by physician
(shown as the “X” on the left side of the Fig. 2), with right
parotid D50 getting 5 Gy and left parotid D50 getting about
25 Gy in the actual plan. Although single-side sparing is pre-
scribed, the actual plan attempted to spare bilateral parotids
and both DVHs agreed with the standard prediction model.

The single-side sparing classifications do not always agree
with physician prescriptions. In most of these misclassified
cases, the PTVs located at the center of the neck and the
left and right parotids have very similar geometrical rela-
tionships to the PTVs. For these cases, the D50 are close
to the diagonal line in Fig. 2, and are in the range of
20–30 Gy. In this scenario, the standard model and the
combined model have very close predictions, as shown in
Figs. 4(c) and 4(d). Hence, physician preferences or model
classifications will result in minimal dosimetric difference in
clinical plans and the predicted DVHs by both models are
close to the clinical DVHs. Most of the misclassified cases
fall into this scenario and therefore do not significantly influ-
ence the final combined model.

Another reason for the misclassification is that the physi-
cians’ clinical prescriptions for single-side sparing are used as
the ground truth in this study. However, physicians make the
single-side sparing prescriptions based on their clinical judg-
ment using visual inspection of patient anatomy and personal
estimation of the dose to the parotids before the final treat-
ment plan and dosimetric data are available. Therefore, the
physician preferences can be uncertain in some cases when
parotid D50 are close to the 24 Gy thresholds.

If there were more objective and physician-independent
criteria that determine exactly when single-side sparing is pre-
ferred, we should use those criteria in our model. However,
there is currently no consensus clinical criterion to guide the
decision whether to spare single side parotid or to spare bi-
lateral parotids. Current models of the radiobiological out-
come of parotid sparing are also insufficient to provide an
objective criterion. For example, there have been a number
of studies to model the correlation between the normal tis-
sue complication probability (NTCP) of parotid gland or sali-
vary gland flow function and the dose volume data.6, 20–23

The mean-dose-exponential model which describes the over-
all salivary function at 6 month after treatment as the mean

of the bilateral parotids adequately fit the data presented in
Blanco et al.6 However, since both the ipsilateral and con-
tralateral side parotids contribute to the overall salivary func-
tion equally in the model, this model cannot account for ben-
efit of preferentially sparing the contralateral parotid which
is a common clinical practice. Moiseenko et al. showed or-
derly dependences of overall whole-mouth salivary function
on the mean dose to the highly spared gland for 3 and 12
months data.21 A logistic model was used to describe the in-
cidence of Grade 4 xerostomia as a function of the mean dose
of the spared parotid gland. While this model can be used to
evaluate the biological benefit of single-side parotid sparing,
it cannot be used to compare the biological benefit of sin-
gle parotid sparing vs bilateral sparing because only spared
parotid is considered. Our work will benefit greatly from fu-
ture models that incorporate those outcome data which can
differentiate single-side sparing and bilateral sparing.

Our current approach assumes that the high quality prior
plans contain fundamentally good decisions made by physi-
cians and seeks to capture the knowledge behind these de-
cisions by learning from physician approved plans. In addi-
tion, the model and criterion obtained in this study reflect the
clinical experience of multiple physicians in our institution
because our dataset consists of plans done by several physi-
cians. We further note that the goal of this work is to improve
the accuracy of the ultimate combined models. With a change
of threshold dose within 1–2 Gy, the cases which would be
misclassified are most likely those with PTVs overlapping
both parotids in a similar manner. For these cases, the pre-
dictions by the standard model and the combined model are
very close, thus the prediction accuracy will not deteriorate
significantly. We expect a single-side sparing decision crite-
rion to perform well for a range of different physicians and
institutions.

For cases that clearly favor single-side sparing, the results
show that the standard model significantly overestimates the
parotid median dose. This indicates the different dosimetric
features between the single-side sparing and bilateral sparing
plans. In IMRT planning, the salvageable parotid achieved ex-
tra dose sparing by relaxing the constraint on the ipsilateral
side parotid sparing. This extra dose sparing can be quanti-
fied by the difference of the standard and the combined model
prediction, which is 5.6 Gy on average. By incorporating pub-
lished guidelines on differential parotid sparing and learn-
ing the planning knowledge embedded in prior IMRT plans,
we have significantly improved modeling accuracy. The com-
bined model switches between the standard and the single-
side sparing models according to the single-side sparing crite-
rion. The residual 2.2 Gy difference between the median dose
predicted by the combined model and the actual plan value is
an indication of the validation accuracy of the single-side
sparing model. The larger validation error by the single-side
sparing model is due to the larger case-by-case variation in
the resulting parotid sparing when the planner tried to achieve
extra sparing for the spared parotid. This variation is also
reflected by smaller determination coefficient values of the
single-side sparing model compared with the standard model.
We expect the variations to decrease and eventually the
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prediction accuracies of the two models to converge when
more cases are added to the training pool.

Prediction models that “mimic” real clinical planning sce-
nario are highly valuable to clinical IMRT planning as it
can potentially lead to more efficient planning and optimal
dose sparing.3, 24 The time and effort spent on trial-and-error
process for the search of optimal parotid sparing goals can
be greatly reduced, even eliminated with a precise predic-
tion model. Early studies have applied linear relationships
between parotid-PTV overlap and mean dose in guiding treat-
ment planning.3, 25, 26 For example, Hunt et al. used an OAR-
PTV overlap of 21% as an empirical indication for differ-
ent parotid sparing trend.3 Our model extends these early
works by incorporating a combined consideration of patient’s
anatomy, organ toxicity and sparing guidelines, and physi-
cian’s personal experience into an advanced model to closely
represent clinical reality where different tradeoff options are
explored for a given patient. Finally, the modeling technique
and the models developed in this study are in general appli-
cable to intensity modulated radiation therapy in any format,
including volumetric modulated arc therapy and tomotherapy.

5. CONCLUSION

An enhanced model for predicting parotid dose sparing in
HN IMRT planning is developed to incorporate single-side
parotid sparing. Initial validation results demonstrated better
performance of this new model in comparison to a standard
model that did not consider single-side sparing. Clinical dose
criterion is established to guide the preplanning prediction
when one of the parotids is favored more sparing for better
radiobiological outcome.
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