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Eclipse Scripting Application Programming Interface (ESAPI) was devised to enhance the efficiency
in such treatment related workflows as contouring, treatment planning, plan quality measure, and
data-mining by communicating with the treatment planning system (TPS). It is provided in the form
of C# programming based toolbox, which could be modified to fit into the clinical applications. The
Scripting program, however, does not offer all potential functionalities that the users intend to
develop. The shortcomings can be overcome by combining the Scripting programming with user—
executable program on Windows or Linux. The executed program has greater freedom in
implementation, which could strengthen the ability and availability of the Scripting on the clinical
applications. This work shows the use of the Scripting programming throughout the simple
modification of the given toolbox. Besides, it presents the implementation of combining both
Scripting and user—executed programming based on MATLAB, applied to automated dynamic MLC
wedge and FIF treatment planning procedure for promoting the planning efficiency.
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interventions and human labors in treatment associated

Introduction
applications by utilizing high computing device and

Radiation treatment is to deliver the dose of radiation algorithms e.g. GPU,” and deep learning.”

to a patient throughout a lot of procedures ranging from
delineating target volume and structures to treatment
planning, dose delivery and quality assurance. Each
step usually demands a series of the labor-driven, time
consuming tasks. Also, facing the era of big data, to acquire
and review a huge number of patients with similar tumor
locations and prescriptions, it requires for accessing a
large amount of data each at a time from the limited infor-
mation. The recent significant developments in radiation

oncology, therefore, have been made to lessen the manual

Keeping in pace with the advances, several vendors
providing treatment planning system (TPS) have made
an effort to help users to improve the working efficiency
for treatment, and offered a Scripting application
programming interface (API). This is a toolbox based on
C# programming, which is designed to conduct a variety of
functionalities. It ultimately pursues attaining automation
in a variety of applications in radiation therapy, such as
the treatment planning, file transmission, data mining

and verification of plan quality. A couple of studies*”
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have shown that the scripting can be used in automated
treatment plan optimization and data-mining. Besides
that, the Scripting API could be employed for far more
applications throughout simple modifications.

The Scripting program, nevertheless, could not cover
entire potential applications that the users intend to do.
The functions provided by Scripting API are limited in
applications if the users want to process a couple of dicom
information. Instead, it provides the environment where
a user-executed program could be run in combination
with file import/export system. The Scripting program
automatically exports/imports the dicom files from TPS,
and enabling for running an executed file that was created
by the users in Windows and/or Linux OS. With the
framework, the users are able to comprehend a number of
functions in the executed program. As being implemented
in Wang et al.”’ combining the user executable program
would broaden the usage of the Scripting API in the clinical
applications.

This work first presents a series of clinical applications
of the Scripting API provided by Varian Eclipse (Varian
Medical Systems, Palo Alto, USA) TPS, called Eclipse
Scripting API (ESAPI). In addition to the simple modi-
fications of the ESAPI, it shows that the concept of
combining the user-executed program with the ESAPI
is able to be used for automated treatment planning
in dynamic MLC wedge®” and Field-in-Field (FIF)*'"

techniques.

Materials and Methods
1. Framework and variation of scripting AP

Fig. 1 illustrates a structure of the Scripting API provided
by Varian Eclipse, which was based on C# programming
language. The toolbox grants a couple of exemplified
codes, thus allowing the users to run those for clinical
applications. Those codes are designed to perform when
the user has access to each patient data. For instance, if
the plan quality needs to be quantified throughout the
Scripting program, which will be shown in the next section,
the patient data should be open to implement the specific
script code on the TPS. It results in the patient-specific
consequences, the quantified plan quality according to the
above example.

There exist the other cases, where the user wants to
investigate clinical information of many patients. Under
the circumstances, it has to reach out to the database of
TPS such that it looks over all listed patients. The Eclipse
Scripting API offers the functionality in the form of stand-
alone data-mining program. It is possible for the user to
put a list of patient IDs or names, then getting the stand-
alone program run over the scheduled computations after
having the user to log into the system. This would let the
system yield the results on the command prompt, while it
could be set up to create a text or excel file with resulting
values, depending on the applications.

The other possible approach described in Fig. 1 is
to utilize the user-executable program. The C# code

modifications in the Scripting API is useful in some

execution file created by users to
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applications, while it does not cover whole probable appli-
cations that the users intend to conduct. Once the tasks are
associated with managing the dicom header information,
it is likely that the Scripting program does not allow for
its compatibility to the system for clinical safety. The
shortcomings could be complemented by creating the
programs that the users desire to perform. It would make a
Window- or Linux-based program created, and run on the
Scripting programming by connecting an execution (.exe)
file to the TPS in Fig. 1. Any functions can be developed
in the user-created programs that fit to the clinical
application. Wang et al.” made a user-executable program
on C# programming language, while the execution files in
this work were created in MATLAB programming. Once the
user generated the execution file for a certain application,
the Scripting program provides an environment that
helps run the execution file. In addition to it, given that
the user created program requires for a couple of the
dose, structure, image, and plan dicom files to be run, the
Scripting program in Eclipse also offers the ability of file
export/import between the server and the designated local

directory.

2. Applications of scripting API

The combination of the user-executed program on
Windows with the Scripting API is of interest as it is
expected to extend the territory of the Scripting API once
clinically permitted. In the Results section, this study
shows a couple of the examples from the combination,
e.g. automated dynamic wedge and field-in-field (FIF)
techniques. They mostly focus on the MLC and/or MU
adjustments without manual interventions to promote the
automation and efficiency in treatment planning. Besides,
without combining the executable file, the Scripting API
code provided run by itself for the clinical applications
as stated above. We would show an example of the given
Scripting API throughout the simple code modifications
to plan quality metrics, and the usage of the stand-alone

programming for the data-mining purpose.

Results
1. Plan quality metrics

The function about plan quality metrics is given by the
Eclipse Scripting API. It could be used to confirm the plan
based on the numerical information of the dosimetric
results, which is to see if the resulting dose distribution
meets the required dose constraints for the target volume
and critical structures. For the given code, it is possible
for the users to edit the list of dose constraints. We have
added a constraint for the target volume to specify the
target dose conformality, called conformality index (CI)
or conformation number (CN)."*'¥ It consists of the two
terms: the dose coverage that was already included in the
constraints, and the spilling factor that quantifies the high
dose of radiation exposed to the healthy tissue around the

target, as described in Eq (1):

Vw@f Vweff
Cl=—)=x5— (1)

T

ref

where V. is the delineated planning target volume.
AndV,_, and V,, are the target and the entire volume,
respectively, receiving the dose greater than the prescribed
dose. Depending on the study, the equation in (1) is
reciprocally defined. Fig. 2 shows a report created after
running the Scripting code regarding plan quality metrics,
where the dotted box in red indicates the conformity index

added to grant more specified planning information.

2. Data mining

The example above is the result obtained from running
the Scripting API for each patient data. There, however,
might be many cases where the users have to access the
database of TPS, such that a number of patient datasets
can be explored at a time. The data-mining function given
by the Scripting API enables for having access to the DB of
the Eclipse TPS by logging into the system as seen in Fig.
3. Once getting into the system, it conducts the designated
tasks. The example in Fig. 3 is to search for the patients in
DB, and measure the volume of structures contoured in

different imaging modalities, as being computed in the
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Structure information
Target structure: PTV_NG

Volume : 66.31 cc

Name Type Evaluation Point | Calculated Value Goal Must Evaluation
PTV coverage (V[95%(Rx)>95%]) | VolumeAtDose | 2,200.0 cGy 95.033% 95.000% | 90.000% | PASS
Structure information '
Target structure: PTV_NG
Volume : 66.31 cc
Name Type Evaluation Point | Calculated Value Goal Must Evaluation
PTV coverage (V[95%(Rx)>95%]) VolumeAtDose 2,200.0 cGy 95.033% 95.000% | 90.000% | PASS
i Spillage (V_PTV[100%(Rx)}/V[100%(Rx)]) | Spillage factor 2,200.0 cGy 88.2% 80.0% 75.0% PASS }
II CI=PTV coverage*Spillage Conformity Index | 2,200.0 cGy 83.8% 75.0% 70.0% PASS |

Fig. 2. Plan quality metrics by modifying C# code of the Scripting API to add the conformality index of the target volume (dotted box).

VARTAN

medical systems

userio |
Password

I Change Password

cocs |

DataMining.exe 8|z file:///C:/Users/administrator/Documents/Eclipse Scripting API/Projects/D..| = || B || 2

Uolume=4.7539559967384 cc

Uolume=5.6428786859885 cc

- Uolume=3.35273901422352 cc

= _LN. Uolume=3.868458448083856 cc

s _IN_all, Uolume=4.78736162657185 cc

atient ID: N65.

s Uolume=20.6318923552923 cc

= - Uolume=208.6318923552923 cc

OAR: _LN. Uolume=20.4386321326802 cc

Patient ID: N66, (N66> .,
: _LN, Uolume=14.88783576152081 cc
OAR: _LN_all. Uolume=37.4677814683094 cc
IOAR: _LN_all., Uolume=37.08650168520084 cc
OAR: _LN, Uolume=20.6682147014452 cc

Patient ID: N67. <(N67>.
OAR: _LN. Uolume=1.28578917597482 cc
: _LN_all, Uolume=3.78986969931763 cc
LN_all, Uolume=4.29100784688982 cc
LN, Uolume =1.94273746598226 cc

command prompt. The result could be written in text and/
or Excel format in the local directory relying on the user

preference.

3. Combining user—-executed programming for
treatment planning

The Scripting programming gives an environment,

where the user-executed programming runs. As described

(N64>, <(35751182>

(N65>, <(35767648>

(35921886>

(35936592>

Fig. 3. Example of data-mining
throughout the Scripting API, which
was designed to measure the volume
of the designated organs contoured
on different imaging modalities.

in Fig. 1, it transmits the patient dicom files to a specified
path, which will be used for the user-created program
to conduct the scheduled tasks. The resulting dicom
file after run is pushed back to the TPS throughout the
Scripting as well. The combination of the file import/
export function from Scripting, and user-executed program
would be more powerful as the tasks that the users want
to implement get too complicated to be processed by the

Scripting programming itself. Our institution has been
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Dynamic
wedge
Fig. 4. Automated MLC-pair
adjustment for two-types of plan-
ning procedures throughout a
FIF combination of Scripting program-

trying to adopt the combination to enhance the efficiency
in treatment planning procedure by automating MLC and/
or MU adjustment in 3D forward plans. Specifically, the
concept was employed for automating dynamic wedge
based planning, and field-in-field (FIF) techniques, as
illustrated in Fig. 4.

The top row of Fig. 4 shows the automatic wedge shaping
with dynamic MLC movement in lateral direction, which
could replace the use of physical wedge. The bottom row
describes the automated FIF forward IMRT technique that
adds the sub-fields by adjusting the MLC shapes to the
segmented dose clouds with assigning appropriate MUs.
The user-executed programming mainly governs the MLC
movement, such that it can go through the in-field region
at a certain speed for the dynamic wedge application, and
block the segmented dose clouds by adjusting MLC pairs
with appropriate MU settings, respectively. The details of
the applications will be specified in the currently reviewed

articles.

Discussion

The Scripting API has been developed to promote the
efficiency of clinical applications in radiation oncology,
therefore achieving automation in whole procedure. It is
a toolbox made of C# programming language, compatible
to the Eclipse TPS system. The toolbox provided a
couple of exemplified codes for the users to take it to
such applications as data-mining, plan quality metrics,
automated treatment planning, and efficient quality
assurance procedure. As the codes are available, it is

possible for users to modify it for the other specific cases

ming with user-created execution
program (Top: Dynamic wedge,
Bottom: Field-in-Field (FIF)).

for both clinical and research purposes. As seen in the
preceding section, we could add the clinically useful dose
constraint, conformality index, to the given constraints.
Also, we have changed the searching condition and the
measurements in data-mining application. These examples
demonstrate that the toolbox does not only improve the
efficiency, but also be able to attain better safety.

The Scripting toolbox gets more powerful by combining
its ability with the user-executable programming in
Windows or Linux. The Scripting API may restrict the
flexibility of the operations for clinical safety or other
purposes. By the combination, there would be far greater
potential applications available in radiation oncology. Our
institution has been employing the idea for enhancing the
efficiency in treatment planning. The executable program
was designed to automatically adjust the MLC shapes and/
or MU weights for dynamic MLC wedge and field-in-field
techniques. As discussed in Results section, MLC pairs are
well controlled fitting to the segmented dose clouds, which
do not compromise the plan quality relative to the plans
manually done. Of note, implementing the automated
dynamic wedge and FIF planning with a combination
of the Scripting and user-created executing programs
takes about 30 seconds for conducting a series of auto-
segmenting dose clouds, projecting segmented dose to
beam shape, and adjusting MLC/MU, which may need a
few more minutes for refining the MLC pairs if necessary.
It is a significant enhancement in planning efficiency,
relative to the manual task that elapses at least more than
10~15 minutes for the procedure.

We have been trying to use the Scripting program

based frameworks actively for both clinical and research
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purposes. The data-mining tool is being used for research
mainly in collecting and looking into the patient datasets.
In particular, the automated FIF plans are being applied
to 10 to 20 cases for breast cancer treatment planning
every week. The notion of combining Scripting with the
user-executable program is considered very powerful,
so it could be employed for numerous applications
especially when the users need to modify the dicom files
and plan parameter settings. However, this workflow must
be carefully formulated, such that it firmly observes the
clinical regulations. In most cases, the users would have
to confirm the tasks by consulting with oncologists and

manufacturers before taking it to the clinical applications.

Conclusion

This study presents a series of possible clinical appli-
cations of the programming toolbox, the Scripting API
provided by Eclipse TPS. The toolbox is used for various
cases by modifying the programming codes, while its ability
could be more strengthened if it is combined with user-
created program on Windows or Linux. We have shown the
examples of its applicability in plan quality metrics, data-
mining, and user-executed programming aided, automatic
MLC dynamic wedge/FIF planning. When applying those
to our institutional workflows, it has been dramatically

improving the efficiency as well as the safety.
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