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Abstract: The aim of the study was to validate a newly installed Mobius 3D (M3D) quality assurance 

software for use as a secondary independent dose verification system for comparison with an Eclipse 

treatment planning system (TPS) data of 3D conformal radiotherapy treatment (3D CRT). It is recommended 

that a secondary MU/dose calculation using a secondary method other than the TPS be performed. A total of 

138 treatment fields resulting from 103 patients were planned on the TPS for treatment by 3D CRT. The 

treatment plans data created on the Eclipse TPS were then exported to the M3D independent verification 

system and results for both systems were compiled as the output of the M3D system. Percentage 3D Gamma 

passing rate, mean PTV and OAR dose, the percentage difference between PTV and OAR dose for both 

systems were generated on the M3D secondary system and the results analyzed. The 3D Gamma passing 

rates for the 138 patient fields verified had been analyzed graphically and had a mean gamma passing rate of 

98.7±0.6 %.  For a treatment plan verification to be acceptable, a minimum gamma passing rate of 95% 

needs to be achieved. The percentage Gamma passing rates for the patients were well above the minimum 

acceptable limit of 95% as seen on the graphical results. 3D Gamma passing rates for the 138 patient 

treatment fields analyzed and verified had a mean passing rate of 98.7±0.6 % which was well above the 

minimum acceptable limit of 95% and in agreement with published data. The PTV and OAR data for the 

percentage difference between M3D and TPS were within Action and Tolerance levels determined and thus 

the M3D system was validated as a secondary independent treatment plans checker for the Eclipse TPS 

treatment plans at the institution. 
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1. Introduction 

Several dose verification systems have been used for dosimetry verification of both treatment plans and delivered 

doses in external beam radiotherapy (EBRT). 

Mobius3D (Varian Medical Systems, Inc., Palo Alto, CA, USA)1-3 is a software model for quality assurance (QA) 

application in EBRT. It is an independent verification QA checker of the dose per monitor unit (MU) to deliver the 

prescribed dose to a patient.  

In particular, it is among the new secondary dose verification software systems that are now commercially 

available to verify dose calculations3. In our study, Mobius 3D (M3D) independent secondary software system would 

be used for routine MU/dose verification of IMRT/VMAT treatment plan checks. The aim of a routine pretreatment 

verification procedure is to identify and resolve any errors before patient treatment. For IMRT, verification 
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measurements are commonly used to verify the correct delivery of treatment plans, for example with ionization 

chambers, films, or multidimensional detector arrays. 

Apart from Mobius 3D, other commercially available secondary independent software that supports IMRT and 

VMAT dose/MU QA verification checks include RadCalc (Lifeline Software Inc.), MUCheck (Oncology Data 

Systems. Inc.), IMSure (Standard Imaging. Inc.), Diamond (PTW Freiburg), DoseCHECK (Sun Nuclear, Corp) and 

DosimetryCheck (Math Resolutions LLC). Some of this software is also able to support other treatments like 

Tomotherapy and CyberKnife. 

Mobius 3D (M3D) calculates three-dimensional (3D) dose distribution for a patient using computed tomography 

(CT) datasets that employ information from the radiotherapy plan after receiving the Dicom CT datasets, RT plan, RT 

structures, and RT dose from the TPS. Following these calculations, M3D automatically compares the dose computed 

by the TPS with that calculated by M3D. Finally, M3D indicates pass/fail results for the dose-volume-histogram 

(DVH) limits and the 3D gamma passing rate4,5. 

There are several ways that a user can apply to check the results, for example, DVH dose index, 3D dose 

distribution, dose profile, and gamma distribution1. Some of the advantages of M3D over other secondary systems 

include the utilization of reference beam data, immediate installation, and the use of collapsed cone convolution 

superposition algorithm accelerated through graphics processing units for the dose calculation6,7. The M3D algorithm 

can produce accurate calculations for IMRT and for heterogeneous conditions8. 

M3D is generally used for quality assurance, treatment plan verification, and patient alignment and anatomy 

analysis in radiation therapy. It calculates 3D radiation dose in the representation of a patient or phantom. The dose 

calculation is based on read-in treatment plans that are initially calculated by a TPS. M3D is not a TPS but for use by 

trained radiation oncology personnel as a secondary independent quality assurance tool.  

In radiation therapy, a secondary independent dose verification of the treatment planning system calculations is an 

essential part of the quality assurance (QA) process13. It is recommended that a secondary MU/dose calculation using 

a secondary method other than the TPS be performed15. In order to bridge the current gap, M3D was used as a 

secondary independent dose verification system for comparison with an Eclipse TPS data of 3D conformal 

radiotherapy treatment (3D CRT). Verification for IMRT is usually performed using measurement-based techniques9 

which use water equivalent homogeneous phantoms with detectors (ion chamber, film, detector arrays, etc.) to verify 

that the dose delivered is the dose planned. This phantom, however, does not represent the actual patient geometry or 

tissue heterogeneity, and thus a break between the treatment plan and the QA plan. Given different workflows and 

available resources, each institution should perform independent assessments of the best methods to identify errors 

and to avoid treatment delays. Therefore, there is a need to have reasonable predictive models for plan evaluation, to 

improve tumor control, and to predict and hopefully prevent normal tissue injury 

However, M3D provides a second check of the treatment plan before the patient treatment and gives information 

on clinical decision making because of the limitation and uncertainties of TPS10,11. 

2. Materials and methods 

Accuracy of dose calculation from a verification system needs to be commissioned and validated before clinical 

use1 Action and tolerance levels for clinical implementation have been indicated previously1. Since there were no 

guidelines at our institution for setting action and tolerance levels for a 3D secondary verification system, we initiated 

this work to set action and tolerance levels for our M3D secondary verification system. Action and tolerance levels for 

138 fields planned and treated by 3D CRT were verified by M3D and set at µ±2σ and µ±3σ respectively, where µ is 

the mean and σ the standard deviation of the percentage difference between the M3D and Eclipse TPS. The 

established action and tolerance levels for PTV and OAR were for cervical, breast, neck, esophagus, prostate, brain, 

and lung treatment sites.  

An Eclipse TPS (Varian Medical Systems, Inc., Palo Alto, CA, USA)3 for the development of EBRT treatment 

plans has been in use for several years in our cancer treatment department. 3D CRT treatment technique was used 

with 6MV and 15 MV linear accelerator (Varian Clinac 2300CD) photon beam energies for the EBRT.  

We installed the M3D as a secondary and independent dose verification system for comparison checks with the 

Eclipse TPS. 
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After a patient’s treatment plan has been created and finalized on the Eclipse TPS, it would be sent to the M3D 

system for its own independent dose calculation and then the creation of a comprehensive comparison report including 

dose-volume metrics, gamma, and coverage statistics. The end-user can specify warning and out-of-tolerance levels 

for mean dose and 95% target coverage as well as the percentage 3D gamma pass-rate. The dose-volume-histogram 

(DVH) constraints are taken from the literature (RTOG Publications)17-19. A flow chart of the whole process of the 

secondary MU/dose verification by the M3D software system has been included in Figure 1 below. 

The target coverage compares the TPS calculated dose to the M3D dose for any structures identified as target 

regions of interest (ROIs). The M3D target coverage table presents information on mean dose, percentage target 

coverage, and percentage difference (TPS and M3D dose levels) among other variables calculated13,14. 

DVH limits section of the M3D calculations shows if the plan meets the recommended guidelines for allowable 

dose/volume in anatomical structures. Independent TPS and M3D pass/alert evaluations are made with respect to the 

DVH limits defined for different types of anatomical ROIs. Alerts are only triggered by a failure to meet DVH limits 

but not by a difference between the TPS and M3D computed values. DVH limits can be customized as required but 

the default DVH limits are from RTOG guidelines for conventional fractionation and from AAPM TG-10116 

guidelines for SRS/SBRT fractionation. A DVH graph window is also available where one can analyze DVH curves 

for all the structures imported from the plan. M3D generates a pair of DVH curves for each structure. One curve is 

generated by the dose distribution calculated by the TPS while the other is generated by the dose calculated by M3D. 

One is now able to compare the TPS and M3D computed DVHs in structures of interest. 

 

Figure 1. Flow chart of secondary MU/dose verification process for Mobius 3D. 
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The 3D Gamma passing rate is the result of the calculated full 3D gamma comparison between TPS and M3D 

dose distribution over the entire dose calculation volume. The 3D gamma values would be displayed with a negative 

value if the M3D dose is lower than the TPS dose. The criteria for the 3D gamma are the dose/distance used in the 

gamma calculation. 

A total of 138 fields (103 patients) planned on Eclipse TPS and treated by 3D CRT on 6MV or 15MV photon 

energy beams were subjected to M3D verification. The patients are composed of cervical cancer (44), breast (23), 

esophagus (13), neck (10), prostate (5), brain (5), and lung (3). 

3. Results and discussion 

As with any system used in the clinical treatment of patients, the secondary dose/MU verification system requires 

commissioning and ongoing quality control monitoring to ensure the accuracy and efficacy of the system as 

recommended by AAPM TG 53 and AAPM MPPG 5A. 

After commissioning, the M3D secondary independent dose verification system is suitable for patient-specific 

treatment plan QA applications and can be applied for most available EBRT treatment techniques for use with 

standard linear accelerators. Apart from the limitations of the current paradigm of calculating dose to a single point, a 

full 3D verification of treatment plans has its own advantages, one of them being to enhance current clinical 

practice12. 

The secondary verification system data was applied for comparison with dose calculation data from the Eclipse 

TPS. The patients verified were those treated in the department by the 3D CRT technique. Treatment plans data 

created on the Eclipse TPS were exported to the M3D independent verification system and results for both systems 

were compiled as the output of the M3D system.  

Percentage 3D Gamma passing rate (at 3% and 3mm criteria), mean PTV dose, mean OAR dose, and percentage 

difference (% Diff.) for both systems were generated on the M3D secondary system and the results analyzed. All the 

above variables were available on the regions of interest (ROI) overview window.  

The % Diff. is defined as,  

  

 
(1) 

        The results of the percentage difference of PTV and OAR have been plotted below on graph Figure 2, together 

with the 5% maximum limit. 

 

Figure 2. Percentage difference between doses calculated by Mobius3D and Eclipse TPS for PTV and OAR of 138 fields treated 

by 3D CRT technique 

%𝐷𝑖𝑓𝑓 =
𝑀3𝐷 𝑑𝑜𝑠𝑒 − 𝑇𝑃𝑆 𝑑𝑜𝑠𝑒

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
× 100% 
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Since there are no set guidelines for setting action and tolerance limits for a 3D secondary independent verification 

system, we decided to use data for 3D CRT treatments to set action and tolerance levels for our institution. 

Verifications based on 3D CRT is a non-IMRT monitor unit check and could be used for setting action and tolerance 

levels13.  

The determined 3D Gamma passing rates for the 103 patients (138 fields) verified had been analyzed graphically 

(Figure 3) and had a mean gamma passing rate of 98.7±0.6 %, with the criteria of 3% and 3mm distance, which was in 

agreement with published results of gamma passing rate with the criteria of 3% and 3 mm on average was 98.8 ± 1.4% 

using film1. Since the minimum pass rate for a treatment plan verification to be acceptable is 95%2, the percentage 

Gamma passing rates for the patients were well above the minimum acceptable limit of 95% as seen on the graph 

Figure 3. The other value that the M3D system verifies is the treatment coverage which should not be less than 95%. 

There are currently no published data on commissioning and determining tolerance levels of Mobius3D1, Action 

and tolerance levels for the 138 planned fields and treated by 3D CRT were set at µ±2σ and µ±3σ respectively, where 

µ is the mean and σ the standard deviation of the percentage difference between the M3D and Eclipse TPS. Below is a 

summary of the Action and Tolerance levels for the total fields analyzed (Table 1). 

Table 1. Action and Tolerance levels results for PTV and OAR. 

M3D and TPS Mean, µ Standard Deviation, σ Action Level, µ±2σ  Tolerance Level, µ±3σ  

% 3D Gamma 

passing rate 
98.7 1.1 UB: 100; LB: 96.4 UB: 100; LB: 95.4 

% Difference 

(PTV) 
1.05 0.57 UB: 2.19; LB: -0.09 UB: 2.75; LB: -0.66 

% Difference 

(OAR) 
0.63 0.36 UB: 1.35; LB: -0.09 UB: 1.71; LB: -0.45 

* UB = Upper bound; LB = Lower bound 

 

 

Figure 3. Percentage 3D Gamma passing rates for 138 patient fields verified by Mobius3D secondary independent verification 

system. 
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Action and Tolerance Levels determined from the 138 patient fields analyzed have been presented graphically in 

Figure 4 for PTV and Figure 5 for OAR. From the graphs, more than 99% of the PTV and OAR data are within the 

determined Action levels (µ±2σ), while 100% of the data fall within the determined Tolerance Levels of µ±3σ. 

It is recommended that a secondary MU/dose calculation using a secondary method other than the TPS be 

performed. In order to bridge the current gap, M3D was used as a secondary independent dose verification system for 

comparison with an Eclipse TPS data of 3D conformal radiotherapy treatment (3D CRT). 

 

 

Figure 4. Action and Tolerance Level results for PTV 

 

Figure 5. Action and Tolerance Level results for the OAR. 
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Table 2. Summary of verification results for the treatment plans considered 

Treatment Plan 
Treated 

Fields 

3D Gamma passing 

rate, % 
Mean % Difference (PTV) Mean % Difference (OAR) 

Cervical Cancer 43 98.8 ± 0.7 1.24 ± 0.27 0.88 ± 0.3  

Breast 39 98.3 ± 1.4 1.07 ± 0.58 0.53 ± 0.24 

Head & Neck 25 99.4 ± 0.7 1.15 ± 0.85 0.53 ± 0.42 

Esophagus 15 98.7 ± 1.1 0.47 ± 0.3 0.16 ± 0.14 

Brain 5 99.5 ± 0.5 0.89 ± 0.48 1.12 ± 0.68 

Prostate 8 98.4 ± 0.6 1.06 ± 0.41 0.72 ± 0.3 

Lung 3 97.3 ± 0.9 0.68 ± 0.18 0.64 ± 0.19 

All Plans 138 98.7 ± 1.1 1.05 ± 0.57 0.63 ± 0.36 

* UB = Upper bound; LB = Lower bound 

 

The comparisons between the TPS and the secondary dose/MU verification system can be done for each beam and 

the composite plan dose contribution to a selected point(s). ESTRO Booklet 9103 summarizes the experience of 

several European institutions and discusses the use of confidence limits. They recommend tolerance limits of 3% for 

ion chamber measurements in target areas and action limits of 5% for point dose verification.  

Our verification measurements were based on point dose verification and the calculated tolerance limit of 2.75% 

(µ±3σ) while the action limit (µ±2σ) was 2.19% of the PTV. 

4. Conclusion 

Apart from treatment dose verification of the TPS dose calculations, M3D now contributes directly to 

enhancement as a secondary independent dose verification system in 3D verification of the TPS accuracy, as opposed 

to the applications of single point dose verification by use of point detectors. 

3D Gamma passing rates for the 138 fields analyzed and verified had a mean passing rate of 98.7±0.6 %. This 

was in agreement with other published results of the equivalent study. Since the minimum pass rate for a treatment 

plan verification to be acceptable is 95%, the percentage Gamma passing rates for the patients were well above the 

minimum acceptable limit of 95% as seen on the graph and as a result, the M3D system was validated for future 

secondary dose verifications at the hospital. 

More than 99% of the percentage difference data between M3D and the Eclipse TPS were within the Action 

Levels and 100% fell within the Tolerance Levels determined. This was an indication that µ±2σ and µ±3σ could be 

applied as Action and Tolerance Levels respectively, for acceptance or rejection of a patient plan and thus the above 

Action and Tolerance Levels were validated for application at the institution. Mobius3D calculations thus provide an 

accurate secondary dose verification system that can be commissioned easily and immediately after installation. 
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