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ABSTRACT

Background: The aim of this study was to investigate the performance of the RapidPlan (RP) using models registered pseudo-
structures, and to determine how many structures are required for automatic optimization of volumetric modulated arc
therapy (VMAT) for postoperative uterine cervical cancer.

Materials and methods: Pseudo-structures around the PTV were retrospectively contoured for patients who had completed
treatment at five institutions. For 22 common patients, plans were generated with a single optimization for models with two
(RP_2), four (RP_4), and five (RP_5) registered structures, and the dosimetric parameters of these models were compared with
a clinical plan with several optimizations.

Results: Most dosimetric parameters showed no major differences between each RP model. In particular, the rectum D,,,,,
Vs, and Vi, With RP_2, RP_4, and RP_5 were not significantly different, and were lower than those of the clinical plan. The
average proportions of plans achieving acceptable criteria for dosimetric parameters were close to 100% for all models. Using
RP_2, the average time for the VMAT planning was reduced by 88 minutes compared with the clinical plan.

Conclusion: The RapidPlan model with two registered pseudo-structures could generate clinically acceptable plans while
saving time.

Key words: knowledge-based planning; RapidPlan; cervical cancer; pseudo-structure
Rep Pract Oncol Radiother 2021,26(6):849-860

Introduction cal cancer [1]. VMAT can achieve excellent treat-

ment outcomes for cervical cancer while effectively

Volumetric modulated arc therapy (VMAT) reducing gastrointestinal and urinary toxicity in

with concurrent chemotherapy has been widely comparison with three-dimensional conformal ra-
used for post-operative patients with uterine cervi- diotherapy [2].
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Recently, there has been interest in adaptive ra-
diotherapy (ART), in which the radiation treatment
plan delivered to a patient is modified during the
radiotherapy course to account for temporal chang-
es in anatomy due to weight loss, organ motion, and
tumor shrinkage [3]. ART is particularly effective
in the treatment of cervical cancer, as the large and
complex geometrical variations in the pelvic region
can limit the potential positive effects of VMAT
[4]. However, to generate an adaptive plan requires
a replanning process that includes re-contouring
and re-optimization, which increases workload and
planning time [5].

The RapidPlan treatment planning system (RP;
Varian Medical Systems, Palo Alto CA, USA),
which performs knowledge-based planning (KBP),
can improve both plan consistency and planning
efficiency [6]. The RP model is made using struc-
tures representing the target volumes and or-
gans at risk (OARs), the dose prescription, and
the beam arrangements of previous clinical plans.
Many studies have reported that KBP can reduce
inter-institutional variations in plan quality, reduce
treatment planning times using single optimiza-
tion, and improve dose sparing of OARs compared
with clinical manually-optimized plans [7-19]. The
mechanical performance and dosimetric accuracy
of RP have also been verified, showing that RP can
be safely used in clinical practice [20]. Moreover,
it was reported that adaptive plans could be gener-
ated with the assistance of RP [21, 22]. However,
the original target volumes and OAR structures
were registered in most of the RP models used in
these studies, and the contouring process part of
the replanning still remains labor-intensive and
time-consuming.

In practice, the planner generates the contours of
virtual structures, so-called “pseudo-structures”, to
which the planning dose constraints are imposed
[23]. These pseudo-structures can be created very
simply and easily using Boolean operations. Cas-
triconi et al. showed the efficiency of plan creation
in ART by combining RP and pseudo-structure
methods for rectal cancer [24]. They introduced a 2
cm shell pseudo-structure around the PTV with
the aim of obtaining a steep dose gradient without
losing the dose coverage. However, in their study,
the pseudo-structure was not registered in the
model, and scaling was performed from the data
of twenty plans in order to appropriately weight

the pseudo-structure constraint for optimization.
Therefore, there has been no report that evaluates
the performance of fully automated optimization by
RP with pseudo-structures registered in the model.
Moreover, the impact of reducing the number of
registered structures in the model on the perfor-
mance of RP also remains unclear.

Our previous report showed that the perfor-
mance of RP was influenced by the plan quality
registered in the model [25, 26]. Thus, a multi-in-
stitutional study with multiple models would be
helpful to evaluate the performance of RP. In this
study, we retrospectively contoured simple pseu-
do-structures in cervical cancer patients who were
previously treated at each institute. Pseudo-struc-
tures were created to improve dose conformity
around the PTV and reduce the dose to the OARs.
Three patterns of models with different numbers
of registered structures were created at each in-
stitute, and these models were used to generate
treatment plans for new patients not used in the
models. The aim of this study was to investigate
the performance of RP using a model with reg-
istered pseudo-structures, and to determine how
many structures are required for automatic opti-
mization of VMAT for postoperative uterine cer-
vical cancer.

Materials and methods

Clinical VMAT plan setting for cervical
cancer at each institute registered
in the model

This study enrolled five Japanese institutes
(A-E). These institutes used VMAT to treat pa-
tients with high-risk postoperative uterine cervical
cancer. The clinical VMAT plans at each institute
were created mainly according to the Japan Clini-
cal Oncology Group (JCOG) 1402 protocol [27,
28]. The clinical target volumes (CTVs) and OARs
in the JCOG1402 protocol were contoured accord-
ing to the CTV contouring guidelines [29] and the
Radiation Therapy Oncology Group guidelines for
OARs [30]. At each institute, these clinical VMAT
plans were created with manual optimization using
an unlimited number of pseudo-structures.

Common pseudo—structure contours
We propose the use of pseudo-structures as
a more efficient method for the VMAT optimiza-
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tion and contouring process for the ART phase. In

VMAT of postoperative cervical cancer, the tar-

get is a single planning target volume (PTV) dose

level, which is a relatively simple dose distribution,
unlike more complex sites, such as the head and
neck region. Therefore, the control region roughly
divided into two, the anterior organ and the pe-
ripheral organ, and registered in the RP model.

For patients who had completed treatment at each

institution, three common pseudo—structures were

retrospectively contoured, according to the proce-
dure manual:

1. Control_ Anterior (A): Control_A was created
from the union of the bowel bag and bladder
area, and was cropped from the PTV by 7 mm.

2. Control_ Peripheral (P): Control_P was created
by contouring a 2-3 cm cylindrical shell around
the PTV and was cropped from the PTV and
Control_A by 7 mm.

3. Control_ A P: Control A P was created from the
union of Control_A and Control_P.

These pseudo-structures were inspired by those
used in clinical practice and in the report by Cas-
triconi et al. [24]. In previous reports for VMAT
optimization, the distance of the dose gradient re-
gion between the PTV and the pseudo-structures
was cropped by 5-10 mm [31]. In this study, a dose
gradient region of 7 mm was adopted. Details of the
contoured pseudo-structures are shown in Figure 1.
These pseudo-structures were simply created using
Boolean operations and interpolation.

Control_A

Control_AP

RapidPlan model configuration

The RP algorithm was explained in detail by
Fogliata et al. [22]. First, in the model building,
the contoured pseudo-structures of the patients
were registered. To evaluate the impact of the num-
ber of structures registered in the model on the
performance of RP, three model patterns with dif-
ferent numbers of registered structures were cre-
ated at each institute. The process for contouring
pseudo-structures and configuring the three model
patterns is shown in Figure 2. Model_2, Model_4,
and Model_5 had two, four, and five structures reg-
istered in the model, respectively. Details of the RP
models of each institute are shown in Table 1.

The second step was a training phase based on
information extracted from data such as dosimetric
and geometric information. These data could be an-
alyzed from the website of Model Analytics (https://
ModelAnalytics.varian.com). The Model Analytics
data also included information about structures or
patients that were found to be potential outliers ac-
cording to numerical metrics, although we did not
remove these statistical outliers from the training
set used in this study. This is because it has been
reported that the impact of removing statistical out-
liers from the training set was negligible [32, 33].

The third step was selection of the optimiza-
tion objectives and their priorities. Line, upper, and
lower objectives, and priorities, were selected at
each institute for each structure in the model, as
shown in Table 2. Finally, these models were de-

Figure 1. Contouring of Control_A (A), Control_P (B) and Control_A P (C). Red contours represent the planning target volume
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1. Completed treatment plans at each institution

B

29 case 20 case 26 case 70 case 30 case

'

2. Common structures contouring

Control P Control AP Femoral head R Femoral head L

'

3. Three model patterns creation

7 Model2 /  Modeld S Models
PTV PTV PTV
Control A P Control A P Control_A

Control P
Femoral head R
Femoral head L

i i Femoral head R
/! Femoral head_L

Figure 2. The process of contouring pseudo-structures and configuring the three model patterns. Letters A to E represent
the different institutions

Table 1. The RapidPlan model data at each institution

Number
of registered cases

Mean volume + SD [cm®]
Mean dose + SD (%)
PTV 1105.9+£99.7 1009.6 + 166.3 973.1 £138.0 983.6 + 130.8 912.1 £149.6
1005+ 0.4 103.2+1.3 99.2+0.2 98.9+0.2 99.2 £0.1
Control A 864.4 +237.2 1162.2 £ 502.9 1299.1 + 365.1 1434.5+441.1 1185.8 £419.1
ontro
- 53.1+3.0 425+53 450+ 4.6 41.8+4.7 439+29
ol 2973.7 £631.5 4217.5 +1258.9 2792.0 £ 465.2 3235.6 £ 553.2 2683.4 + 344.1
ontro
- 459+4.2 43.0+3.6 47.7+£25 413+3.2 50.8+2.6
ool A 3967.5 + 480.5 5380.2 + 1708.7 4099.0 + 626.3 4696.8 + 769.8 3869.8 + 527.4
ontro
- 46.6 + 4.1 429+3.6 46.7 £2.4 41.2+£3.1 48.7+23
38.1£55 44,0+9.1 488 +18.7 36.8+5.8 43.0+11.1
Femoral head_R
50.5+38 54.1+10.8 442 +9.9 454 +7.1 47.6 4.0
37850 447 £9.9 482 +17.5 36.6+5.7 422 +109
Femoral head_L
51.8+3.7 53.8+10.7 48.2 +10.1 450+ 6.1 48.1+3.5

PTV — planning target volume; Control_A — Control_ Anterior; Control_P — Control_ Peripheral; Femoral head_R — right femoral head; Femoral head_L — left
femoral head

livered to institute A to create treatment plans for obtained from all patients, and the institutional eth-
common patients. Written informed consent was ics committee approved this study (Japanese Foun-
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Table 2. Configuration of the objective for each structure used in RapidPlan

Structures Institute Objective Vol. (%) Dose Priority
A Upper 0 524 Gy 70
Upper 0.3 52.0 Gy 70
Lower 100 50.4 Gy 70
Lower 95 51.4 Gy 70
B Upper 0 101 % Generated
Lower 100 99 % Generated
PTV
@ Upper 0 100 % Generated
Lower 100 100 % Generated
D Upper 0 100 % Generated
Lower 100 100 % Generated
E Upper 0 101 % 100
Lower 100 100 % 120
A Upper 0 35.0 Gy Generated
Upper Generated 30.0 Gy Generated
Line Generated Generated Generated
Control_A B Line Generated Generated Generated
C Line Generated Generated Generated
D Line Generated Generated Generated
E Line Generated Generated Generated
A Upper Generated 35.0 Gy Generated
Line Generated Generated Generated
B Line Generated Generated Generated
Control_P C Upper 0 100 % Generated
Line Generated Generated Generated
D Line Generated Generated Generated
E Line Generated Generated Generated
A Upper 0 35.0 Gy Generated
Upper Generated 30.0 Gy Generated
Line Generated Generated Generated
B Line Generated Generated Generated
ol P C Upper 0 100 % Generated
Line Generated Generated Generated
D Line Generated Generated Generated
E Upper 0 45.0 Gy 150
Upper 50 25.0 Gy Generated
Line Generated Generated Generated
A Upper Generated 30.0 Gy Generated
Line Generated Generated Generated
B Line Generated Generated Generated
Femoral head_R
C Line Generated Generated Generated
D Line Generated Generated Generated
B Line Generated Generated Generated
—
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Table 2. Configuration of the objective for each structure used in RapidPlan

Structures Institute Objective Vol. (%) Dose Priority
A Upper Generated 30.0 Gy Generated
Line Generated Generated Generated
B Line Generated Generated Generated
Femoral head_L
C Line Generated Generated Generated
D Line Generated Generated Generated
E Line Generated Generated Generated

PTV — planning target volume; Control_A — Control_ Anterior; Control_P — Control_ Peripheral; Femoral head_R — right femoral head; Femoral head_L — left

femoral head

dation for Cancer Research review board number:
2019-1045).

Evaluation of RapidPlan performance

The RP performance evaluation dataset consist-
ed of the CT data and clinical manually-optimized
plans of 22 postoperative uterine cervical cancer
patients treated between 2015 and 2019 at institute
A. This dataset was independent of that used in
the model library. For each patient, a CT-scan was
acquired with 2.0-mm slice thickness and a 50-cm
field of view. Pseudo-structures were also retro-
spectively contoured on the CT images.

Without manual intervention and normal tissue
objectives, VMAT plans were created at institute
A with a single optimization using each RP model
and the setting optimization objectives of each in-
stitute. For the two-arc VMAT plans with 10-MV
photon beams were created using the Photon Op-
timizer and Anisotropic Analytic Algorithm in the
Eclipse treatment planning system Ver 15.6 (Varian
Medical Systems, Palo Alto, CA, USA). A dose cov-
ering 50% of the PTV of 50.4 Gy in 28 fractions was
applied to both the nodal and vaginal cuff PTVs
[28]. The plans created by Model_2, Model_4, and
Model 5 were identified as RP_2, RP_4, and RP_5,
respectively. Comparisons of the treatment plans
created by each model were performed using the
JCOG1402 dose constraints for PTV and OARs
to evaluate the number of structures required for
the RP. For the PTV, Dygy, Dyso,, and D,,, were used,
whereas D,,,, was used for the overlap between the
PTV and bowel bag. For OARs, we used the D,,,,,
Visoep and Vg, of rectum, D, and Vs, of bladder,
V., of bowel bag, V., and V,y, of pelvic bones,
Vi, 0f each femoral head, and D, of the body.
Figure 3 shows the process for model transfer and
plan comparison.

To evaluate the target coverage, we analyzed the
homogeneity index (HI) and conformity index (CI)
for the PTV. The HI was calculated as [34]:

_ Day, = Dogy,

HI
D

(1)
[

Where D,,, = minimum dose to 2% of the target
volume indicating the “maximum dose”, Dy, = min-
imum dose to 98% of the target volume, indicating
the “minimum dose”, and D, = prescribed dose. The
ideal value is zero, and increases as homogeneity
decreases.

CI was calculated as follows [35],

Vrr
Cl=— (2
v (2)
Where V,, is the volume of the reference dose
and TV is the target volume. The ideal value is 1.

Planning efficiency

The average planning times of the clinical man-
ually-optimized plans registered in the model (tar-
get contouring, OAR contouring, pseudo-structure
creation, and optimization times) were recorded at
each institute. On the other hand, in the RP plan,
since pseudo-structures were retrospectively con-
toured for patients who had completed treatment,
only the average times of pseudo-structure creation
and optimization were recorded.

Statistical analysis

Statistical analyses were performed to identify
differences in the plans created by each model.
The Kruskal-Wallis test was used to compare the
three model patterns. When the Kruskal-Wallis
test indicated a statistically significant difference,
the Steel-Dwass test was used to determine which
pair-wise comparisons differed. All statistical analy-
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Model transfer

A B E
Mz { e | =
| Mudel 4 | Model 4 iriuodel_i":

Model 5 | I Model 5 :-ii;cie_l___sn

Transfer the model to institute A

'

Planning for 22 patients using each model

A B C D E N\

Clinical plan vs. RP_2 vs.RP_4 vs.RP_5

Figure 3. The process for the model transfer and plan comparison. Letters A to E represent the different institutions

ses were conducted with JMP 15.1.0 (SAS Institute,
Cary, NC, USA). A value of p < 0.05 was considered
statistically significant.

Results

Inter-model comparisons

A summary of the dosimetric parameters is list-
ed in Table 3. Box-and-whisker plots of rectum,
bowel bag, and femoral head doses for each RP
plan at each institute are shown in Figure 4. Most
dosimetric parameters showed no major differenc-
es across the models, except for the femoral head.
The rectum in particular showed no significant
differences between the plans created using the re-
spective models at all institutions for all dosimetric
parameters. Additionally, the rectum dose of the
RP plans was lower than that of the clinical plan.

For the femoral head, there were statistically
significant differences between RP_2, RP_4, and
RP_5 at all institutes, except institute B. Dose spar-
ing of the femoral heads was worse with RP_2 than
with RP_4 and RP_5, but better than that of the
clinical plan.

Table 4 shows the proportions of clinical and RP
plans achieving the acceptable criteria of the JCOG
1402 protocol. Close to 100% of each of the RP
plans achieved the acceptable criteria for most dosi-
metric parameters. A dose reduction to the femoral
head was not achieved with RP_2 in comparison
with other models, although performance in terms
of the achievement rate was high. For the rectum,
although only 74%-85% of the RP plans achieved
acceptable V, criteria, the clinical plans achieved
similar results.

The PTV HIs (mean * 1 SD for all institutions)
were 0.10 + 0.01, 0.08 + 0.02, 0.08 * 0.02, and
0.08 + 0.01 for the clinical plan, RP_2, RP_4, and
RP_5, respectively. The PTV ClIs (mean + 1 SD
for all institutions) were 0.51 + 0.01, 0.50 + 0.01,
0.51 + 0.01, and 0.51 *+ 0.02, respectively. In-
ter-model comparisons of PTV homogeneity and
conformity at each institute showed that there
were no differences between the models, and that
the number of registered structures in the model
had no effect on PTV dose. Additionally, in terms
of the HI, RP plans performed slightly better than
the clinical plan.

https://journals.viamedica.pl/rpor 855
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Table 3. Summary of the dosimetric parameters in inter-model comparisons

Structures Average + SD Clinical plan RP_2 RP_4 RP_5 p-value

Dago, (%) 93.3+1.0 945+1.8 949+ 1.5 945+1.2 0.03
PTV Dase, (%) 95.1+£0.8 958+ 1.5 96.2+1.3 96.0+ 1.0 0.1

D,q, (%) 103.0+ 0.4 102.7 £ 0.5 102.6 +0.4 102.8+0.4 < 0.001
QrgikyplasiEan PR D (%) 104.5+ 0.6 1050+ 1.0 1051+ 1.0 1054+ 1.0 <0.01
and bowel bag

Vsoay (%) 829+134 7791153 80.5+ 149 823+ 157 0.06
Rectum Vsoay (%) 33.7+159 234+109 254+10.6 254+113 0.27

D1nax (%) 103.8+0.7 1026 +0.9 102.7 £ 1.1 103.0+1.7 0.63

Visey (%) 342+83 39.0+10.2 432+129 36.9+9.5 <0.001
Bladder

D1nax (%) 103.9+0.8 103.7+1.0 103.7+1.0 104.1 £ 1.1 < 0.001
Bowel bag Vsoay (%) 325166 345+87 35.8+9.1 316175 <0.01

Vioay (%) 87.3+3.0 87.8+3.2 86.8 + 3.5 86.9+3.3 0.01
Pelvic bones

Vsoay (%) 206 +3.8 18.5+3.5 187 £33 20.5+4.2 <0.001
Femoral head_R V306, (%) 189+6.4 175+11.9 74 +8.0 80+89 <0.001
Femoral head_L Vo6, (%) 173+7.8 16.2 £ 14.8 6.9+69 92+74 <0.001
Body D1nax (%) 106.6 = 1.1 1059+ 1.0 1059+ 1.1 106.2+1.2 0.21

PTV — planning target volume; Femoral head_R — right femoral head; Femoral head_L — left femoral head; D,,,, — maximum dose; Dggy, Dose, and D, the dose
received by at least 98%, 95% and 2.0% of the volume, Vsogy, Vascy Vaosy Vios, @aNd Vi, the OAR volume that receives a dose exceeding 50 Gy, 45 Gy, 40 Gy, 30 Gy
and 10 Gy

8
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Figure 4. Box-and-whisker plots showing Rectum D, (A), Rectum Vs, (B), Rectum V4, (C), Bowel bag V., (D), Femoral
head_R V., (E), Femoral head_L V,q, (F). The upper and lower edges represent the 25" (Q1) and 75" (Q3) percentiles,
respectively. Whiskers represent the standard deviation. Outliers are marked with circles and were defined according to 1.5 x
the interquartile range. *p < 0.05. Letters A to E represent the different institutions
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Table 4. The proportions of plans achieving acceptable criteria of the JCOG 1402 protocol

Structures Acceptable objective Clinical plan RP_2 RP_4 RP_5
Dossy > 85% 100% 100% 100% 100%
PTV gz > 90% 100% 100% 100% 100%
Dy, <115% 100% 100% 100% 100%
gr‘]’jrk')aoﬁ’,vzftb"‘a’ge” PTv Dre <110% 100% 100% 100% 100%
Vaoey <95% 77% 85% 79% 74%
Rectum Vsocy < 60% 95% 100% 100% 100%
Dinax <120% 100% 100% 100% 100%
" Vasey < 70% 100% 100% 96% 100%
adder
Dinax <120% 100% 100% 100% 100%
Bowel bag Vaoey < 50% 100% 97% 95% 100%
el Viogy <95% 100% 100% 100% 100%
elvic bones
Vaoey < 50% 100% 100% 100% 100%
Femoral head_R Viogy < 60% 100% 100% 100% 99%
Femoral head_L Vioey < 60% 100% 98% 100% 100%
Body Dnax < 120% 100% 100% 100% 100%

PTV — planning target volume; Femoral head_R — right femoral head; Femoral head_L — left femoral head, D,,.,, — maximum dose; Dsg, Doss, and D, the dose
received by at least 98%, 95% and 2.0% of the volume, Vs, Vascy Vaosy Vaos, @and Vi, the OAR volume that receives a dose exceeding 50 Gy, 45 Gy, 40 Gy, 30 Gy

and 10 Gy

Table 5. Average time spent on various treatment planning processes

Mean time (minutes) Clinical plan RP_2 RP_4 RP_5
Targets contouring 105 - - -
Contouring
OARs contouring 99 — — —
Pseudo-structures creation 15 2 6 14
VMAT Planning
Optimization 920 15 15 15
Total time of planning 315 17 21 29

VMAT — volumetric modulated arc therapy, OAR — organs at risk

Planning time analysis

Table 5 shows the average planning times of the
clinical manually-optimized plan and RP plans at
each institute, with this time being spent on the
various processes of the treatment planning. Using
RP_2, RP_4, and RP_5, the average time for the
VMAT planning time was reduced by 88, 84, and
76 minutes, respectively, compared with the clini-
cal plan.

Discussion

This multi-institutional study investigated
the performance of RP using models with pseu-
do-structures and determined the optimal number
of structures for RP models. Inter-model compari-
sons showed no major differences for most dosi-

metric parameters, as shown in Table 3 and Fig.
4. Furthermore, Table 4 indicates that most RP
plans were able to achieve the acceptable criteria
of the JCOG 1402 protocol. Previous publications
evaluating RP models showed that KBP plans ex-
ceeded the clinical accepted plan quality at various
anatomical sites [7, 22, 32]. Although the models in
these studies were registered with multiple original
OAR structures, the RP performance of our models
with only 2-5 structures registered was found to be
similar to that reported in previous publications.
Moreover, Hussein et al. reported the performance
of RP using models with original target volumes
and OAR structures for cervical cancer [32], and
the dosimetric parameters of their RP plans were
comparable to this modeling approach using pseu-
do-structures. Thus, our results show that training
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RP models with pseudo-structures is a simple and
effective approach for creating high quality VMAT
plans with RP.

The dosimetric parameter results in Table 3 and
Fig. 4, and the proportions of plans achieving ac-
ceptable criteria in Table 4, indicating that Mod-
el_2 using only the PTV and Control_A P showed
good dosimetric performance at all institutes. As
shown in Table 2, a line objective was commonly
used for Control_A P at each institute. The good
dosimetric performance of Model_2 is helped by
the use of the line objective defined slightly be-
low the estimated dose volume histogram (DVH)
lower bound, which helps to drive the optimiza-
tion towards the best estimated DVH [36]. As the
weights for the points on each line objective are all
equal, reducing the average dose for large volume
structures may be more effective. However, the
dose sparing of the femoral head in RP_2 was the
worst among the RP models at each institute. This
was because the Control_A P pseudo-structure did
not impose dose constraints locally on the femoral
head. However, the proportions of plans achiev-
ing acceptable criteria in the right and left femoral
heads were 100% and 98%, respectively. Model_5,
in which Control_A P was divided and registered
in the model, also showed no dose-reduction ad-
vantage in the rectum, bladder, and pelvic bone
in comparison with Model_2. Fogliata et al. also
reported that there were no significant differences
in the plans generated using two models with dif-
ferent management of the parotid gland (ipsi- and
contra-lateral parotids in the model vs. integration
into one structure) and that the dose differences
were very small [37]. Therefore, we conclude that
the RP model can perform adequately with the
registration of two structures.

Compared with the clinical plans, the RP plans
showed better dose coverage and OAR sparing. In
particular, the RP plans reduced the rectum dose.
In JCOG1402, posterior margin of the CTV vagi-
nal cuff is the anterior part of the mesorectal fas-
cia or anterior wall of the rectum, thus including
the rectum within the PTV margin [28]. There-
fore, the clinical plan could not impose strong con-
straints for the rectum in order to obtain a sufficient
target dose. On the other hand, in the RP plans,
a steep dose gradient was obtained due to the pseu-
do-structure around the PTV, and the rectum doses
were reduced. By registering the pseudo-structures

in the RP model, appropriate constraints were au-
tomatically imposed on the OARs around the PTV.

The potential benefit of this modeling approach
using pseudo-structures is time efficiency. In prac-
tice, the correcting of tumor and normal tissue vari-
ations through modification of the original plan is
hampered by the time-consuming re-planning pro-
cess, which currently represents the major obstacle
for large scale implementation of this strategy [38].
Recently, the use of deformable image registration
(DIR) for automatic propagation of structures in
ART has been widely investigated. However, reg-
istration errors may still exist with DIR, especially
for structures that are small and lack contrast with
the background, and these registration errors could
result in significant dosimetric deviation [39]. Ad-
ditionally, Nelson et al. reported a total planning
time of 207.5 minutes for OAR contouring and
optimization, when implementing DIR in an adap-
tive plan with the assistance of KBP [21]. Acharya
et al. reported that the median time for even online
ART using an MR Linac was 26 minutes, including
re-contouring, re-optimization, and patient-specif-
ic quality assurance [40]. As Table 5 shows, the
plan created using Model_2 took only 17 minutes
for the pseudo-structure creation and optimization
process. Therefore, this modeling approach using
pseudo-structures should be useful for ART strate-
gies.

The KBP approach has the advantage that its
model can be shared by multiple institutions. Shar-
ing of models is considered to be a good method
for reducing variability in planning quality across
multiple institutions [25]. In the present study,
we were able to create a plan achieving acceptable
criteria with a model that was created using only
a simple procedure manual. Therefore, the model
can be easily shared by creating pseudo-structures
at each institute. It was also reported that inter-ob-
server contouring variations have a significant im-
pact on dosimetric and radiobiological outcomes
in intensity modulated radiation therapy planning
[41]. Reducing the number of structures is useful
as a means of homogenizing treatment plan quality
across institutions.

The planning quality evaluation in this study was
conducted only for cervical cancer patients, and
there is a limitation in that the methods in this
study cannot cover treatment plans for several PTV
dose levels using a simultaneous integrated boost
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(SIB), such as is performed in head and neck cancer
patients; management of the dose gradient around
PTVs is more complex with SIB-VMAT plans. In
addition, the structures used for the dose evalua-
tion were not considered in this study, but may be
defined using automatic segmentation methods.

Conclusions

The RP_2 achieved clinically-acceptable crite-
ria, and comparable dosimetric parameters to the
clinical plan, RP_4, and RP_5. The RP model with
two registered pseudo-structures could generate
a clinically-acceptable plan while saving consider-
able time. The RP modeling approach was simple
and might be useful for ART strategies.
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