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Abstract
Objective: To study whether an interactive improved internal feedback system with the model can be
established, we aimed to compare the plans generated by two automatic planning models generated
under the same conditions.

Methods: 70 cases of pelvic patients were selected. Intensity modulated radiation therapy (IMRT) plans
(P0) generated by clinical model (M0) were imported into Rapidplan model, in order to establish dose
volume histogram (DVH) predicted model through automatic planning model in clinical used, and the
new Rapidplan model (M1) was generated by training and structure matching settings. 70 new IMRT
plans (P1) were generated by M1, and new Rapidplan model (M2) was training by P1. By the same way,
70 IMRT plans (Plan2) were generated by M2. Dosimetric differences between P1 and P2 were compared
and analysised.

Results: From the inside of the model, the values of R22 and X22 in P2 were higher than those in P1, and
the CD values of bladder, right femoral head and rectum in P1 were higher than those of corresponding
organs in P2. The SR value of bladder and the SR and DA values of left femoral head and right femoral
head in P1 were lower than those of P2. In terms of planning, the D2, D98 and HI in P1 were better than
those in P2 (P<0.01), the bladder V10 and left femoral head V40 in P2 were lower than those in P1 by
0.08% and 0.15%, respectively (P<0.05), the others in P2 were higher than those in P1 (P<0.05) except the
bladder V20, Dmean, rectum V10, V20, V30, right femoral head V10 and V40; and the MUs of P2 was lower
than that of P1 for 132.2 (P<0.05).

Conclusion: The stability of M2 is stronger than that of M1. Therefore, it can be considered that the
interactive improved internal feedback system within the model of "plan-model-plan-model" is feasible
and meaningful.

Introduction
The optimization of radiation treatment plan is a process of trial and error that obtains satisfactory dose
distribution between the planning target volume (PTV) and organs at risk (OARs). Under the condition
that the PTV and dosage are determined, the quality of plans has a great relationship with angle and
optimization conditions given by the physicist. Due to the different experiences and levels of different
physicists in different hospitals, there are great differences in the radiotherapy plans designed for the
same case. The radiotherapy planning design of "knowledge-based radiation therapy" (KBRT) which was
proposed by the research team of Duke University[1] is a good method to solve this problem.

KBRT, as a typical representative of arti�cial intelligence and big data application in radiotherapy, has
been well known, accepted and recommended by the industry. At present, each mainstream planning
system also has its own KBRT. The Eclipse planning system of Varian Company has launched its own
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automatic planning system Rapid Plan, which is commonly referred to as rapid planning or automatic
planning. Eclipse13.5 version 13.5 and later can turn on this feature. This study uses Eclipse version 13.6.

For the newly established model, further examination and analysis are needed to eliminate the problems
that may be caused by data import, PTV and organ structure matching, prescription dosage and other
steps. The following parameters are mainly checked: (1) residual scatter plot re�ects the difference
between the real value and predicted value of dose volume histogram (DVH); (2) Regression curve re�ects
the relationship between main geometric features and DVH; (3) The box map of the geometric distribution
of OARs re�ects the anatomical features used in the model training plan; (4) The distribution of DVH in
the �eld re�ects the correlation between the real value and the predicted value of DVH in the �eld; (5)
training log �les record statistical characteristics of �tting results. To detect outliers or strong in�uence
points, set the following thresholds: Cook's distance value (CD) > 4; modi�ed Z-score (MZ) > 3.5;
Studentized residual (SR) > 3; Areal difference of estimate (DA) > 3.[2]Based on the above, we established
a new rapid planning model and explored its clinical practicability.

Materials And Methods
1.1 Basic Information

Intensity modulated radiation therapy (IMRT) planning for 70 pelvic tumors in Shandong Tumor Hospital
were randomly selected, regardless of age, sex, disease type and stage. All plans were performed with
6MV FF X-rays at a dose rate of 400MU/minute. Different types of accelerators were allowed to be
selected for different cases, and the requirements for the type and radiation �elds of the same case were
the same. This is a retrospective and o�ine study. So it is not necessary to need information regarding
ethics approval for the study, nor does it contain written informed consent from participants (Table 1).

1.2 Model Establishment and Generation Plan

By using the existing Rapid Plan clinical model M0 generated by the clinical plan and the DVH prediction
model, the structural conditions are uniformly matched, the plan optimization is automatically completed,
and the completed IMRT plan is named Plan0. Plan0 of 70 cases was re-imported into Varian Rapid Plan
model library, and training and structure matching settings were carried out to generate a new Rapid Plan
model M1 as the primary model. Structural matching is uniformly limited to PTV, bladder, rectum and
femoral heads.

The newly generated automatic planning model M1 was selected to continue the preparation of the new
IMRT plan for 70 cases, 6MV FF X-ray and 400MU/minute dose rate were also selected. We will name the
new IMRT plan generated by the automatic plan model M1 Plan1 (P1 group). Through the same method,
Plan1 were used to establish a new Rapid Plan model M2 as a secondary model, and the same training
and structure matching as M1 were carried out. By using model M2, the same conditions as Plan1 were
selected to generate a new IMRT plan, which is named Plan2 (P2). (Fig. 1)
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In order to reduce the human interference in the process of automatic plan optimization and ensure the
consistency of optimization conditions, we will set Rapid Plan models M1 and M2 in a uni�ed way. In the
optimization process, no matter to what extent each target condition is reached and whether a single plan
optimization result is well, no human adjustment will be made in the process of plan completion. The
same normalization method will be adopted after the plan was completed.

1.3 Plans

P1 generated by M1 were taken as the �rst group and P2 generated by M2 were taken as the second
group. The automatic planning of the same case keeps the same algorithm, angle, prescription dose. The
plan between different cases may have different angles and dose (single dose of 1.8Gy or 2.0Gy, total
dose of 50Gy or 50.4Gy). The reason why P0 generated by the clinical model M0 was not used is that M0
was established by the clinical plan. Although we set the same conditions and did not make manual
adjustment, because the model was established by the manual plan, the P0 generated by M0 was
inevitably in�uenced by human �ne-tuning factors and tends to people's ideal dose index.

1.4 Plan Evaluation

Using DVH statistics to evaluate the planned organ-threatening parameters of each group,
bladder/rectum/femoral heads V10, V20, V30, V40, Dmean; The MU (Monitor unit, sum of all �eld hops in a
certain plan), maximum dose D2, minimum dose D98, target dose HI (Homogeneity Index) and CI
(Conformability Index) of the two plans were evaluated. The maximum exposure dose D2 is de�ned as
the exposure dose received by 2% of the PTV; The lowest exposure dose D98 is de�ned as the exposure
dose received by 98% of the PTV. HI=(D2-D98)/Dpres, where Dpres is the prescription dose, the smaller the

HI value, the better the uniformity of the PTV.[3] CI = (VT, ref/vt) * (vt, ref/Vref), vt, ref is the PTV enclosed
by the reference isodose line, vt is the PTV, Vref is the total volume under the reference isodose line.[4]

1.5 Statistical Method

SPSS 19.0 was used for data analysis. DVH data were extracted from Eclipse and imported into the
analysis software in tabular format. The comparison mean-paired sample T test was used, and the
difference was statistically signi�cant (P < 0.05).

Results
Model

2.1 R2and X2

In addition to comparing the targets between P1 and P2, we also need to analysis from the inside of the
model to see which model is better. Like the regression coe�cient R2 of bladder in two models, R2 of
bladder in M2 is 0.935, which is higher than that in M1 (0.892). On the whole, as shown in the �gure
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below, the R22 value of M2 is higher than that of M1, indicating that the better convergence of M2, the
more stable the result and the better the robustness. In addition, X2 in M2, the value of X22 in both single
organ and whole body is higher than that of X21 in M1. It can be understood that M2 is more likely be
interrelated than M1, and more closer to our requirements for model setting, re�ecting our requirements
for model training, or to be closer to the requirements of the clinical plan for model generation, and the
better its stability (Fig. 2).

2.2 geometric outliers

There is the concept of strong in�uence point in the model, which is generally identi�ed by CD. It is the
point that strongly in�uences the regression model. The strong in�uence point is not necessarily the
abnormal point, but it in�uences the result of the regression model. CD indicates the strong in�uence
point in the regression model. The larger the value is, the greater the in�uence it has on the model. It has a
threshold setting. Compared with two models, the CD (CD1) values of bladder, right femoral head and
rectum in M1 were higher than those of corresponding organs in M2. Because we described earlier that
the human positive factor in P0 was higher than P1. Combined with the fact that CD1 is greater than CD2,
the effect of CD1 was greater than that of CD2. This is the reason why some indexes in P1 were higher
than that in P2. The geometric outliers MZ in the model. MZ (MZ1) of bladder, left femoral head and
rectum in M1 were higher than those in M2. MZ represents the geometric characteristics of a structure
and other geometric outliers of the same structure in the model (Table 2). 

2.3 Over optimization

We can also use SR and DA to check whether a plan is over optimized. SR = standard deviation of
residuals. If one plan is over optimized, the dose distribution will be much better than another plan. In the
two models we studied, the SR values of bladder and femoral heads in M1 were lower than the
corresponding values in M2; the DA values of bladder and rectum in M1 were higher than the
corresponding values in M2; the DA values of femoral heads in M2 were higher than the corresponding
values in M1, and the DA predicted the actual DVH. (Fig. 3)

2.4 Comparison of Target Dose Parameters Planned by Two Models

As shown in the Table1, the CI of P2 generated by M2 was better than that of P1 generated by M1, and
the difference was statistically signi�cant (P < 0.01). D2, D98 and HI in P1 were better than those in P2,
and the differences were all statistically signi�cant (P < 0.01) (Fig. 4).

2.5 Comparison of Dose Parameters of OARs Planned by Two Models

Compared with various parameters of OARs planned by the two models, all datas were shown in Table 3
and Fig. 5. Dosage parameters of some OARs, such as bladder V20, Dmean, rectum V10, V20, V30, right
femoral head V10, V40, showed no signi�cant differences (P > 0.05).
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2.6 MU
As shown in the Table3, the MU of P2 was signi�cantly lower than that of P1 in the two plans, and the
difference was statistically signi�cant (P < 0.01).

Discussion
KBRT has been proved its advantages and reliability, and has been accepted for planning in practical
work. Mainly includes the establishment of DVH prediction model and model training.[5–9] The
establishment of DVH prediction model is to calculate the Geometry—Based Expected Dose (GED) of
each organ in the provided treatment plan. GED is to evaluate the volume of the PTV and the OARs, the
distance between them and the dose distribution at this distance. The training of the model uses the
principal component analysis method to carry out regression analysis on the planned GED and DVH to
obtain the DVH and geometric condition related parameters of each anatomical structure. When
designing a new plan, the DVH prediction model calculates the possible DVH �uctuation range of the plan
result through the correlation parameters according to the mutual positional relationship between the
PTV on the patient image and the normal tissue, and selects its lowest dose limit as the target
optimization condition.

This paper mainly discusses whether a "plan-model-plan-model" internal feedback system with interactive
improvement can be formed in the closed-loop state. The results showed that the P2 is better than P1 in
MU, CI, bladder V10, left femoral head V40. Beside in other aspects, the difference is also very small.
Among them, left femoral head V10, V20, V30 and right femoral head V20, V30, Dmean index change is
more obvious; bladder V30, V40, rectum V40, Dmean and other indicators change little; especially bladder
V40, rectum Dmean index change less than 0.5%. Because plan optimization is multi-objective
optimization, there will be some improvement of indicators, some indicators have not improved or even
become worse, but overall can be controlled within the required range, its changes are �oating within the
required range.

The larger the chi square value of the model, the smaller the probability of independence and the greater
the probability of correlation. In this study, the chi square value of the organ index of M2 is greater than
that of M1.It showed that the closer it is to the requirements set by us for the model, the better it can
re�ect the plan we use to train the model. The M2 is relatively stable, and it can better re�ect the
requirements of the clinical plan.

The reason for this is that KBRT is to integrate the past treatment experience into the treatment of new
patients. It uses a large number of previous similar plans to train �tting models. The veri�ed model will be
used to evaluate the anatomical structure and prescription dosage of new patients, especially the
distance and interlacing between PTV and OARs. According to this, the model predicts the target
parameters of DVH that the case may reach. The plan used to build the model affects the use effect of
the model. In addition, in the process of using the model, due to the individual differences of cases and
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different clinical requirements, and in order to achieve the effect of excellence, physicists sometimes have
to make manual �ne adjustments. In the process of establishing the experimental model, M1 is
established based on P0, then P1 is generated, and then M2 is established through P1 to generate P2.
From M1, P0 to M2, P2, the arti�cial in�uence factor of the automatic planning model is gradually
weakened, but also a positive factor in the process of planning optimization is weakened, or the in�uence
of this positive factor is an increasing trend for the forward model.

Varian KBRT divided the OARs into 4 parts: (1) shooting into the �eld and scattering; (2) The exposure
dose between leaves is lower; (3) In the shooting �eld, the irradiated dose has obvious in�uence; (4) The
PTV overlap, and the irradiated dose is equivalent to the PTV dose. This part has the most important
in�uence on the PTV dose distribution. The process of establishing Rapid Plan model is to import the
image, outline, dose, DVH, etc. of case intensity adjustment plan into Eclipse-Rapid Plan planning system
for regression analysis of DVH curves of various OARs to create DVH prediction model. When a new plan
is made by using the established model, after matching, the DVH prediction model will automatically
generate the irradiation dose volume range of tissues and organs and give the optimal DVH curve
satisfying the current plan, which will become the target center of the dose limit value for the next
optimization. This calculation method is a two-dimensional algorithm, while the plan involves three-
dimensional images, so the two-dimensional algorithm has its limitations in calculating the three-
dimensional volume and dose distribution. It may be more appropriate to use a three-dimensional
calculation method. The improvement of algorithm should play a more critical and core role in the
improvement of Rapid Plan model.

The source plan on which M2 is built is in a non-advantageous state compared with the source plan used
by M1, which we want to avoid but exist. However, even under such circumstances, the plan generated by
M2 can be improved in some aspects. At the same time, the stability of M2 is better than M1.

Conclusion
It can be considered that the interactive improved internal feedback system within the model of "plan-
model" is feasible and meaningful. At the same time, for the model that has been used clinically, we
should pay attention to the continuous improvement of the model by using the excellent clinical plan
completed in the later stage of the model.
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Table 1. Demographic characteristics of the cervix patients. FIGO: International Federation of Gynecology
and Obstetrics.



Page 10/14

Patients, n
Age (Years)

Median
Min - Max

Height,cm (average) 
Weight,kg (average)

70
 

56
37-70

159
61.6

FIGO stage
B
A
B
A

 
31
17
17
5

Histology
Squamous Cell Carcinoma

Adenocarcinoma

 
58
12

Table 2 Statistical Analysis of two groups of models (M1, M2)

OAR(parameters) M1 M2 t p

Bladder CD 0.81±1.720.51±1.13 1.16  0.25 
mZ1.43±0.631.40±0.61 0.25  0.81 
SR 0.62±0.65 0.7±0.54 -0.85 0.40 
dA 0.85±0.470.85±0.40 0.07  0.95 

Rectum CD 0.84±1.070.75±1.19 0.32  0.75 
mZ1.79±0.881.46±0.91 1.31  0.20 
SR 0.84±0.540.72±0.62 0.87  0.39 
dA 0.93±0.430.86±0.40 0.71  0.48 

Left femoral head CD 0.71±1.260.92±1.67-0.81 0.42 
mZ1.34±0.631.32±0.60 0.18  0.86 
SR 0.75±0.670.78±0.61-0.26 0.79 
dA 0.84±0.610.94±0.48-1.11 0.27 

Right femoral headCD 0.70±1.330.69±0.93 0.05  0.96 
mZ1.27±0.601.27±0.60 0.00  1.00 
SR 0.63±0.080.77±0.06 1.21  0.23 
dA 0.74±0.550.91±0.43-2.10 0.04 

Table 3 Statistical Analysis of two groups of plans (P1, P2) generated by two models (M1, M2)
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Parameters P1 P2 t p

PTV D2 53.88±0.40 54.28±0.30 -16.1740.000

D98 51.08±0.47 50.83±0.33 10.109 0.000
HI 0.06±0.01 0.07±0.01 -15.3340.000
CI 0.70±0.08 0.81±0.07 -30.4110.000

MU   1393.81±221.091261.61±190.86 19.795 0.000
Bladder V10 99.72%±0.67% 99.64%±0.85% 2.719 0.008

V20 86.19%±8.21% 86.38%±8.81% -0.475 0.636
V30 54.30%±14.05%55.29%±14.61% -2.472 0.016
V40 27.98%±12.45%28.46%±12.86% -2.231 0.029

Dmean 32.81±3.82 32.80±3.97 0.058 0.954
Rectum V10 99.37%±1.62% 99.36%±1.69% 0.556 0.573

V20 93.74%±7.70% 93.93%±8.21% -0.870 0.388
V30 66.73%±17.17%67.38%±18.59% -1.240 0.220
V40 33.10%±21.34%33.84%±21.39% -2.526 0.014

Dmean 35.36±5.73% 35.53±5.79% -2.367 0.021
Left femoral head V10 93.82%±9.01% 99.36%±1.69% -2.000 0.049

V20 32.98±17.56% 38.61%±17.89%-13.4380.000
V30 6.02%±7.00% 6.69%±6.42% -2.999 0.004
V40 0.56%±1.12% 0.41%±0.74% 2.502 0.015

Dmean 18.39±3.08 19.03±3.04 -9.555 0.000
Right femoral head V10 97.20%±4.83% 97.31%±4.98% -.715 0.477

V20 43.71%±14.52%48.17%±15.13%-13.4290.000

V30 7.78%±8.26% 8.34%±8.05% -2.274 0.026

V40 0.60%±1.07% 0.51%±0.95% 1.134 0.261

Dmean 19.93±2.56 20.30±2.85 -2.569 0.012

Figures
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Figure 1

Flow chart of planning method

Figure 2

The R2 and X2 for M1 and M2
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Figure 3

The value of CD MZ SR and DA for M1 and M2
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Figure 4

The Dose Volume Histogram of OARs for P1 and P2

Figure 5

The Mean Dose of OARs for P1 and P2
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