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Introduction: Automated target volumes adaptation could be useful in H&N replanning, but its dosimetric
impact has not been analyzed.
Primary aim of this investigation is dose coverage assessment in fully automated and edited PTV adap-
tation settings, compared to manual benchmark.
Materials and methods: Ten IMRT patients were selected and replanning CTs were acquired.
A deformable registration with PTV adaptation was performed defining PTVA.
PTV B was obtained through manual editing and a benchmark PTV C was manually segmented by a delin-
eation team.
The Dice Similarity Index (DSI) and the mean Hausdorff Distance (mHD) were calculated between PTV A
and PTV C, and between PTV B and PTV C.
One IMRT plan was realized for each PTV: the plans optimized on PTV A and PTV B were proposed on PTV C
to evaluate their dosimetric reliability compared to the benchmark plan in terms of PTV V95% dose coverage.
Results: The comparisons between PTV A with PTV C and PTV B with PTV C showed that the better DSI (high)
and mHD values (low) are, the smaller difference when compared to PTV C V95% is described.
Evaluating plan A and B, PTV C V95% reduced by 6.1 ± 3.0% and by 4.1 ± 2.3% respectively when compared to
plan C PTV C V95%.PTV B reaches acceptable dose coverage values (PTV V95% >95%) when DSI is >0.91 and a
mHD < 0.17mm and it has better results when compared to PTV A in 70%.
Discussion: The results show a correlation between the DSI-mHD and the PTV V95% variation, in the compar-
isons PTV A and PTV B vs PTV C.
Furthermore, we observed that PTV V95% coverage is higher in PTV B than in PTV A: the use of automated
propagation may not be definitive and requires manual correction.
� 2017 Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy & Oncology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

The current therapeutic approach for head and neck (H&N)
malignancies often requires radiation therapy treatments. Modern
radiotherapy offers intensity modulated techniques (IMRT) that
allow a steep gradient dose distribution on the target volumes
(primary gross target volumes and/or nodal clinical target vol-
umes), optimizing its coverage and increasing the preservation of
the surroundings organs at risk (OaR) [1].
A reliable segmentation of the therapy subvolumes is therefore
mandatory as it clearly has clinical consequences both for target
and OaR [2–4].

This procedure is extremely time consuming for daily clinical
activity, as it could last up to three hours for each patient [5].

Furthermore, it is prone to random and systematic errors linked
to the existing and, to this day, still unavoidable inter-
intraobserver contouring variability.

In this frame, the recently released autosegmentation software
represent a step forward, offering an improvement of segmenta-
tion quality, a tighter adherence to the chosen segmentation guide-
lines which are recognized as benchmark ontology and a
significative reduction of the daily activity time burden [6–13].
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Some papers have been published in the last years about the
morphological adequacy of contours obtained through the use of
autosegmentation software in various anatomical districts, usually
comparing them to manually expert drawn versions [14–18].

Analyzing these studies from a geometrical point of view we
can affirm that these software seem to offer anatomically reli-
able contours, even if authors agree that a manual editing of
them is still strongly recommended before their clinical use
[5–8,13,14].

On the other hand, only few investigations take into account the
dosimetrical aspects of the autocontouring approach [5,13,14–18].

Aim of this paper is to offer a dosimetric perspective besides the
geometrical-anatomical similarity described in our previous expe-
rience about head and neck automated propagation, evaluating the
link between similarity indices values (Dice similarity index and
Mean Hausdorff distance) and dose coverage (in terms of PTV
V95% and D99%) for target volumes in edited and non-edited auto-
matic adaptation of target volumes compared to a selected manual
benchmark in H&N replanning setting [7].
Fig. 1. IMRT plan realization and evaluation of plan A and B on benchmark PTV C.
Materials and methods

Patient selection and volume definition

Ten consecutive patients with nasopharynx cancer treated with
IMRT technique and selected for a previous study published by
Mattiucci et al. were enrolled for this dosimetric investigation [7].

All patients were staged as Stage III–IV, and no neck surgery
was performed before radiation therapy.

The median age was 53.9 years (range 30–82); eight were males
and two females.

A helical CT scanner (GE HiSpeed DX/i Spiral) was used for
image acquisition (slice thickness was 2.5 mm; no IV contrast
agent was administered, according to our internal simulation
protocol).

Five investigators performed the selection, delineation, defor-
mation and correction steps of two patients each.

The simulation CTs were manually contoured on each axial slice
using a commercial TPS (Eclipse�, Varian): ten nodal stations were
segmented (Ia, Ib, I [Ia + Ib], IIa, IIb, II [IIa + IIb], III, IV, V, VI) accord-
ing to the ‘‘CT-based delineation of lymph node levels and related
CTVs in the node-negative neck: DAHANCA, EORTC, GORTEC, NCIC,
RTOG consensus guidelines” [10].

An additional single CTV volume included all the lymphatic
drainage stations (from Ia to VI) (see Supplementary Table 2 for
CTV volume values).

The mean prescription dose to CTV primary (primary tumor)
was 70.2 Gy, to CTV (drainage nodal stations) was 50.4 Gy, conven-
tionally fractionated at 1.8 Gy.

A replanning CT was acquired during IMRT treatment: the med-
ian delivered dose was 30.6 Gy, mean value 36 Gy (range 21.6–
59.4 Gy), considering a total prescribed dose of 70.2 Gy for the high
dose volumes) [7].

A deformable registration between the simulation CT and the
replanning one was then performed using VelocityAI 2.3� (Veloc-
ity Medical Solutions Inc.) transferring the CTV structures and
obtaining CTV A which represents therefore the automatic propa-
gation of the original target volumes.

These contours were then manually revised and edited by a
skilled operator, drawing CTV B.

Furthermore, an independent ex novo CTV C was segmented on
the replanning CT-scan by an expert delineation team, in order to
limit inter- and intra-observer variability.
The delineator of CTV B has not been involved in this task to
limit its influence.

A 5 mm margin was added to the three CTVs defining the nodal
elective PTV A, PTV B and PTV C volumes.

All the dosimetric observations of this investigation have been
done on these volumes (total prescription dose 50.4 Gy with
1.8 Gy fractionation) as they represent standard therapy volumes
in all head and neck cancer RT treatments (nodal CTV) and are usu-
ally not anatomically affected by the presence of primary tumors.

The Dice Similarity Index (DSI) [14,19,20] and the mean Haus-
dorff Distance (mHD) [13,19] were calculated between A and C,
and between B and C for each volume in order to quantify the
existing geometric similarity between the different PTVs.

The Dice Similarity Index (DSI) is an overlap similarity index
widely used for pairwise volume comparisons, while the Hausdorff
distance (HD) is a similarity index that measures how far apart two
groups of points are in a metric space, offering the exact topo-
graphic identification and visualization of disagreement areas [13].

In this study we decided to use the mean values of these indices
in order to describe two different aspects of the existing similarity
between contours.
Plan optimization and dosimetrical comparisons

An IMRT plan was realized for each PTV, obtaining plan A, B and
C.

The dosimetrical acceptability of each plan was met when at
least 95% of the dose covered the 95% of the target volume and
maximum the 5% of the target volume received 105% of the dose.

Plan C was recognized as benchmark plan for dosimetrical
comparisons.

Plans A and B were then proposed on PTV C in order to test the
dosimetrical reliability of plans optimized on fully automatically
adapted contours (PTV A) or after their manual editing (PTV B)
and if they can achieve values obtained on a manual benchmark
(Plan C) (Fig. 1).

For each of the three plans, dose coverage was evaluated com-
puting the PTV C volume receiving at least 95% of the prescribed
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dose (V95%) and the dose received by 99% of the PTV C itself
(D99%) [5].

The PTVs dose coverage were calculated for each plan DVH
using a in house software and the differences between plan A
and B versus plan C was computed always using the benchmark
C as the minuend of the subtraction.
Fig. 2. Correlation between the DSI and mHD distance comparing the PTV C-PTV A
(j) and PTV C-PTV B (s) overlap. Linear correlations between the DSI and mHD
comparing PTV C-PTV A and PTV C-PTV B result, respectively, in a R2 = 0.84 and
R2 = 0.82.
Statistics

Statistical data analysis was executed using R software [21].
Wilcoxon test was used in order to evaluate statistically signif-

icant differences between DSI, mHD and PTV volume variation
between PTV A and B vs PTV C.

Coefficient of determination or R2 was applied to assess how
data points fit a linear regression, in particular between DSI and
mHD.

A non-parametric Spearman’s correlation test was performed to
estimate the correlation between observed difference in the PTV C
V95% and D99% vs DSI and mHD.
Fig. 3. Correlation between the DSI and PTV volume reduction (cc) comparing PTV
C and PTV A (j) and between PTV C and PTV B (s).
Results

Geometrical evaluation

Statistically significant differences (p < 0.05 resulted by a Wil-
coxon signed rank test) were observed in the evaluation of the geo-
metric overlap (DSI and mHD) between PTV A and B in comparison
with the benchmark PTV C respectively. The registered mean val-
ues and ranges are reported in Table 1.

A strong linear correlation has been identified between DSI and
mHD (R2 = 0.91) (Fig. 2), considering all data point from the overlap
between PTV A and PTV B, compared to PTV C.

A statistical significant correlation was found (p = 0.001) in a
Spearman’s correlation test.

Fig. 3 shows the correlation between DSI and PTV volume
reduction (cc) of PTV A and PTV B, compared to PTV C.

A statistical significant correlation was found (p = 0.006) in a
Spearman’s correlation test.

The mean PTV volume variation (cc) between PTV C and PTV A
is 60.6 cc (range 25.7–130.1 cc) and between PTV C and PTV B is
37.8 cc (range 5.9–72.2 cc).
Fig. 4. Correlation between the DSI and PTV C V95% coverage difference for Plan A
(j) and for Plan B (s).
Dosimetrical evaluation

The observed mean V95% (±SD) for PTV C was 97.9% ± 1.2 and
its dose coverage difference (both in terms of V95% and D99%)
between Plan C vs Plan A and Plan C vs Plan B resulted to be corre-
lated to the DSI and mHD values of their comparisons, as shown in
Figs. 4 and 5.

In Table 2 the dose coverage differences, obtained through the
plan A and plan B evaluation on PTV C, are reported in terms of
PTV C DV95% and DD99%.

Evaluating plan A and B, PTV C V95% reduced by 6.1 ± 3.0% and
by 4.1 ± 2.3% respectively when compared to plan C PTV C V95%
(Fig. 6).
Table 1
Summary of the mean DSI (mDSI) and mHD (mm) between the autocontoured (A) and
the manually edited (B) PTVs, compared to the manual ex novo ones (C) for the ten
patients.

PTV C vs A mean (range) PTV C vs B mean (range)

mDSI 0.86 (0.88/0.79) 0.91 (0.94/0.88)
mHD (mm) 0.61 (0.99/0.34) 0.26 (0.51/0.09)
On the other hand, no substantial variations (<1.0%) were
observed on the mean reduction in PTV C D99% between plan C
and A, and between plan C and B.

Therefore, the editing of the automatically propagated contours
leads to a better optimization of the PTV V95% when compared to
fully autopropagated structures: the PTV C V95% is higher in plan B
than in plan A in 70% of the cases, while in the remaining 30% only
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Table 2
Summary of PTV C V95% and D99% coverage difference between Plan C and Plan A and
between Plan C and Plan B; all evaluated on PTV C.

Plan C vs Plan A
on PTV C mean (range)

Plan C vs Plan B on
PTV C mean (range)

DV95 (%) 6.1 (12.4/1.5) 4.1 (6.9/1.0)
DD99 (%) 0.8 (1.7/-0.8) 0.9 (1.9/0.0)
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a small difference (1–2%) can be seen. However, PTV B does not
always reach the PTV C V95% dose coverage and never reaches
the manual benchmark values (Plan C on PTV C).

No trends can be instead observed for PTV C D99% and the mean
variation between plan B and A D99% is 0.4% (range �0.1/1.1%).

In conclusion, the PTV B approach is clinically more reliable
(especially when evaluated on the PTV V95% parameters), but
never reaches Plan C. In terms of PTVC V95%, PTV B has better
results when compared to A (3.3% average increase of dose
coverage).
Fig. 6. PTV dose coverage (isodose levels: 75–95%) for different plans. Left: plan
A statistically significant correlation was found in the PTV C
V95% but not in the PTV C D99% versus the DSI (p = 0.005 and
p > 0.1 respectively) when comparing Plan C vs Plan B.

Similar results were observed when comparing the PTV C V95%
and PTV C D99% versus the mHD (p = 0.013 and p > 0.1
respectively).

On the other hand, no statistically significant correlation was
found comparing Plan C and Plan A even in terms of PTV C V95%
and D99% versus the DSI and the mHD (p values always higher
than 0.1).

Mean DSI (mHD) resulted to be positive (negative) correlated to
PTV V95% and D99% in 70% of the cases.

D2% values are reported in supplementary Table 1.
This correlation shows that the better DSI and mHD values are,

the smaller benchmark PTV C V95% difference is described when
comparing Plan A and Plan B to Plan C.

More specifically, PTV B reaches a PTV C V95% >95% when DSI
between PTV B and PTV C is higher than 0.91 and the correlated
mHD, smaller than 0.17 mm.

Table 3 summarizes the volumetric data of PTV C and the V95%
data of its comparisons.
Conclusions

The segmentation of the therapy volumes for head and neck
malignancies in IMRT setting is one of the most demanding and
time consuming tasks in daily clinical practice.

This situation has brought the industry to propose the use of the
autocontouring software as a reliable clinical tools.

As we demonstrated in our previous experience, autocontour-
ing can lead to a significant time saving with a mean value of
almost 30 min (37% considering our ex novo mean segmentation
time), confirming the intra-patient automatic recontouring values
of 26–47% expected by Chao et al. [7–22].

This reduction of time burden could also be linked to a segmen-
tation quality improvement as we observed that the existing DSI
for CTV between the manually edited autosegmented contours
and the manual ex novo ones was 0.78, which represents a good
score for this similarity index, against a value of 0.74 for the
A, middle: plan B, right: plan C (benchmark) on benchmark structure set.



Table 3
PTVs volumetric data and V95% values.

PTV C volume (cc) PTV A volume (cc) PTV B volume (cc) PTV C V95% PTV A vs C V95% PTV B vs C V95%

Patient 1 871.7 776.3 812.6 98.4 92.8 92.4
Patient 2 781.2 732.1 759.9 96.5 89.4 90.8
Patient 3 777.7 734.3 712.1 99.1 93.0 92.5
Patient 4 583.5 550.1 555.1 95.1 82.7 88.1
Patient 5 816.7 686.6 744.5 97.4 91.4 93.5
Patient 6 603.1 641.3 619.8 98.6 91.8 97.6
Patient 7 756.9 731.1 750.9 98.1 93.6 97.0
Patient 8 888.4 825.5 849.3 99.3 90.8 93.8
Patient 9 972.3 874.1 927.8 97.9 96.3 96.1
Patient 10 852.2 822.9 826.8 99.5 96.8 97.1
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comparison between autosegmentation and manual ex novo con-
touring [7].

Therefore, in our previous experience, the DSI showed us that
there is a large amount of similarity between the proposed con-
tours but we did not analyze its dosimetrical aspects.

Thus we decided to test them, in order to clarify the real clinical
safety, the limits and the main strengths of the autosegmentation
software.

The results we obtained show that some dosimetric differences
exist between a treatment plan optimized on manual contours edi-
ted after their automated propagation and the corresponding
benchmark manual ones, even if the available similarity indices
show an encouraging overlap in an anatomic site where very high
interobserver contouring variation has been described for common
simulation CT imaging [23].

Regarding the PTV volumes difference (cc) correlated with DSI
(or mHD) when comparing PTV C with A and B, PTV B showed to
be better than PTV A and always closer to PTV C, even if it never
reaches the benchmark values.

For what concerns PTV volumetric differences (cc), DSI (which
appeared to be closely related to mHD) is able to discriminate
PTV A and B in two clear regions, as showed in Fig. 3.

A similar statement could be made regarding PTV C DV95% and
DD99%.

Mean DSI values (or, once more, mHD ones) are able to discrim-
inate plan A and B in two different regions, if considering PTV C
DV95% or DD99%, as shown in Figs. 4 and 5.

Nevertheless, different PTV C DV95% and DD99% values can be
correlated to a single DSI value, strongly limiting its dosimetrical
predictive power.

On the other hand PTV B shows a correlation between similarity
indices values (more specifically DSI and mHD) and dosimetric
parameters (such as PTV C V95%) and seems to be coherent with
the assumption that for high values of DSI and low mHD ones,
low values of DV95% or DPTV C cc are associated, at least in 70%
cases.

This observation cannot be done for PTV A, where no statisti-
cally significant correlation was registered. Furthermore D99%, by
its very definition, does not correlate with the used similarity
indices values (DSI and mHD).

The manual editing of the automatically propagated contours is
therefore mandatory in order to make the proposed segmentation
more adherent to the recognized manual benchmark and to allow a
more reliable and clinically safer dose distribution.

On the other hand, as stated also by Voet et al. [5], having a high
geometrical overlap cannot adequately predict a reliable dose cov-
erage, which in our experience appeared to be met only above a
DSI of 0.91 and with mHD smaller than 0.17 mm, which represent
extreme values very hard to be reached in daily clinical practice.

With the limits of a small patients sample, we did not even rec-
ognize a safe dose distribution for DSI of 0.85 which represents the
expert based interobserver delineation variability benchmark
value for target volumes in our institution [7].
Autosegmentation software can therefore provide a quick solu-
tion to the segmentation time burden in daily activity but, to date,
they cannot offer target volumes suitable for direct plan calcula-
tion in H&N replanning setting and a careful manual editing
remains mandatory in order to get as close as possible to manual
benchmark dose distributions.

Furthermore the Dice similarity index and the mean Hausdorff
distance, which represent the most used similarity indices at the
moment, despite offering very different information about the
existing overlap between two structures, do appear to be strongly
correlated.

This correlation limits their dosimetrical predictive power and
they should be integrated with other indices that take into account
the spatial disposition of the existing non overlapping areas and
tested on more numerous contour samples.
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