
Abstract 
Background/Aim: Log data from radiation treatment machines can play a crucial role in quality assurance by enabling 
the recalculation of the delivered dose distribution and identification of deviations in treatment delivery. This article 
proposes a novel method for recalculating the delivered dose distribution in carbon‑ion radiation therapy using log data.  
Materials and Methods: The proposed approach leverages existing functionality in commercial treatment planning 
systems, thus eliminating the need for specialized in‑house software for dose calculation and evaluation. The 
performed tests entail data generation from actual log files using the Digital Imaging and Communications in Medicine 
standard, biological dose calculations, and gamma evaluations.  
Results: The log‑based approach demonstrated notable advantages, including improved time efficiency and the ability to 
calculate three‑dimensional biological doses. By recalculating the delivered dose distributions, our method improves 
quality assurance accuracy in carbon‑ion radiation therapy. It complements conventional measurement‑based patient‑
specific quality assurance methods, serving as a valuable addition to the arsenal of tools available for treatment evaluation.  
Conclusion: We believe that our method has the potential to enhance the efficacy of patient‑specific quality assurance 
and contribute significantly to the advancement of carbon‑ion radiation therapy, thereby reinforcing the ongoing 
evolution of particle therapy. 
 
Keywords: Carbon‑ion radiation therapy, log data, patient‑specific quality assurance, treatment planning system, 
biological dose distribution.
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Introduction 
 
Particle therapy comprising proton and carbon‑ion 
radiation therapies (CIRT) has emerged as a precise and 
effective radiotherapy (RT) modality for treating cancer, 
surpassing the conventional photon therapy (1‑4). Particle 
therapy enables targeted tumor treatment while 
minimizing damage to normal tissue by capitalizing on a 
unique physical property known as the Bragg peak effect. 
However, steep dose falloffs of the Bragg peak pose a 
significant challenge in particle therapy (5) because even 
minor changes can have a substantial impact on treatment 
outcomes (6). To ensure the effectiveness and safety of 
particle therapy, precise imaging, accurate patient setup, 
meticulous dose calculations, and robust quality 
assurance (QA) procedures must be prioritized. In this 
context, the log data generated by treatment machines can 
play a pivotal role in evaluating these conditions (7‑14). 
Log data encompass essential information concerning the 
treatment delivery process, including parameters such as 
delivered beam energy, intensity, spot positions, and 
patient setup details. By leveraging these log data, it is 
possible to recalculate the three‑dimensional (3D) 
delivered dose distribution to perform comprehensive QA 
that includes the verification of treatment accuracy and 
identification of deviations or errors in beam delivery, 
which may affect treatment outcomes. 

Several studies have explored the development of in‑
house patient‑specific QA (PSQA) systems based on log data 
from photons (15), protons (7‑9, 12, 13), and carbon‑ion 
treatment machines (11, 14, 16). Recently, log‑based PSQA 
has been facilitated using various commercial software 
packages such as Mobius3D (Varian Medical Systems, Palo 
Alto, CA, USA), SunCheck™ Patient (Sun Nuclear Corp, 
Melbourne, FL, USA), and myQA iON (IBA Dosimetry GmbH, 
Schwarzenbruck, Germany). However, at the time of writing 
this manuscript, the commercial software for CIRT had not 
been released, necessitating the development of in‑house 
software. In practice, developing a log‑based PSQA system 
for CIRT is challenging owing to several inherent difficulties, 
particularly those related to biological dose calculations. 

In this study, we developed a novel general method for 
recalculating the delivered dose distribution in CIRT using 
log data. In particular, we focused on spot‑scanning 
techniques for CIRT and developed a method that 
recalculates the delivered physical and biological doses 
utilizing commonly employed treatment planning systems 
(TPSs), thereby eliminating the need to develop specific 
in‑house software (17‑19). By introducing log‑based dose 
calculations, our method aims to enhance PSQA systems 
and improve the overall quality and safety of CIRT. 
 
Materials and Methods 
 
Schematic design of log‐based PSQA for CIRT. This study 
aimed to create a new RT plan for PSQA based on the 
logged parameters of a CIRT machine, which are encoded 
using the Digital Imaging and Communications in 
Medicine (DICOM) standard. Figure 1 shows a schematic 
of the proposed method, which can be used to obtain a log‑
based delivered RT plan for PSQA. 

 
Log data information generated from CIRT. A log file 
generated by a CIRT machine typically adopts the format of 
DICOM‑RT records, thus adhering to the standard of “RT Ion 
Beams Treatment Record Storage”. Log data include various 
beam parameters and treatment configurations recorded 
during the treatment delivery process. The proposed log‑
reconstructed 3D dose distribution relies on the following 
key modules for accurate delivered dose reconstruction. 

Delivered Meterset Information: This module is embedded 
within the RT record and provides details regarding the 
delivered dose for each spot during treatment. These data 
are obtained from the dose monitor and monitor units (MUs) 
or number of particles (NPs), which are adopted as meterset 
units depending on the beam model configuration.  

Delivered Spot Position: This module determines the 
positioning of the treatment beam spot using the X and Y 
magnets installed in a carbon‑ion beam nozzle. The actual 
spot position may deviate slightly from the planned 
position. Therefore, the delivered spot position is captured 
using a beam‑positioning monitor.  
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Setup Position Information: This module extracts 
crucial information regarding the patient's setup position 
during treatment preparation. Specifically, the gantry 
angle and couch position information (X, Y, and Z 
coordinates and roll, pitch, and yaw angles) are utilized to 
recalculate the distribution of the delivered dose. 

 
Matching between plan and log data. Before calculating a 
new log‑based RT plan, matching between the original RT 
plan and log data information needs to be accurately 
verified. Log data, typically written in RT‑record format, 
include a reference unique identifier (UID) that can be 
utilized for this purpose. However, the reference UID and 
the original RT‑plan UID may not always match owing to 
the presence of additional information, such as beam 
delivery instructions. Therefore, despite consistency 
between plans and delivered information, distinct UIDs 
may result due to these differences. To overcome this 
issue, we compared the number of medical records and 
spots of the original RT plan and log data to match the 
information. 

Validation test. The validation test is aimed at assessing 
the proposed method for calculating the delivered dose 
for PSQA using a real log data file. For the test, we created 
a delivered RT plan based on a CIRT plan using a pelvic 
phantom and the corresponding log data. Subsequently, 
the RT plan was imported into a commercial treatment 
planning system (TPS), specifically the RayStation 11B 
(RaySearch Laboratories, Stockholm, Sweden), to 
calculate the delivered dose distribution. In this study, we 
calculated the biological dose distributions of the 
delivered doses.  

To evaluate the agreement between the planned and 
delivered dose distributions, we employed several metrics. 
Specifically, we analyzed the dose–volume histogram 
(DVH) and calculated the dose differences to perform a 3D 
gamma evaluation with 3% and 3‑mm criteria (20) and 
assessed spot position differences. The proposed method 
for generating the delivered RT plan was coded using 
Python, supported by RayStation scripting. DICOM 
handling and gamma evaluation were performed using the 
pydicom and pymedphys libraries, respectively. 

Figure 1. Schematic of log‐based patient‐specific quality assurance (PSQA) for carbon‐ion radiation therapies (CIRT). DICOM‐RT: Digital Imaging 
and Communications in Medicine‐ radiotherapy.



Lastly, we applied our methodology to patient cases. 
We collected log files from five prostate cancer patients, 
each undergoing 12 fractions of treatment. All patient data 
were anonymized to ensure that individual patients could 
not be identified during the study. The analysis was 
performed using the same method as the previously 
described phantom case. This study design was approved 
by the Institutional Review Board (IRB) of Yonsei 
University Hospital (approval number: 4‑2023‑0763). 
 
Results 
 
Figure 2 shows a screenshot of the log‑based PSQA script 
system used in this study. As shown in the figure, the 
displayed configuration is divided into four parts: 1) 
setting the dose grid for the analysis, 2) selecting the log 
data file, 3) testing the match between the plan and RT 
record, and 4) selecting the analysis methods for gamma 
evaluation and calculation. 

Figure 3 illustrates the differences in the spot position 
and couch position of the planned (left) and delivered (right) 
data derived from a log file. The delivered data, including the 
actual positions and logged couch information, were 
effectively implemented in the selected TPS. Figure 4 shows 
a screenshot of the evaluation tab in the TPS, which 
facilitates the calculation of the differences in the biological 
dose distribution and DVHs for each pelvic phantom plan. 
The dose value from the planned dose distribution was 
optimized using the microdosimetric kinetic model (MKM) 

(21). Similarly, the delivered dose distribution was 
calculated by applying the MKM to the planned data. 

The results of the gamma evaluation yielded a gamma‑
passing rate of 100%. Figure 5 shows the gamma histogram 
and spot position differences plotted against the spot ID 
number. The root mean square errors of the spot positions 
in the X‑ and Y‑directions were both 0.24 mm. Notably, 
outlier points in the spot position differences were 
observed in the regions with a small number of MUs.  

Lastly, RT records from 12 fractions for each patient 
were imported into the script to evaluate the fractional 
dose distributions. Our results, which were obtained using 
the same criteria as those applied to the gamma index, 
indicated gamma‑passing rates of above 99.97%±0.01% 
for all five patients. 
 
Discussion 
 
Our test results confirmed that the implementation of the 
log‑based PSQA using a commercial TPS was successful. 
Moreover, the calculation of the delivered dose distribution 
yielded satisfactory outcomes. The computational time 
required by the proposed approach only amounts to that 
required for the final calculation of the delivered plan, which 
was below 1 min for a single‑port beam on the pelvic 

1089

IN VIVO 39: 1086‑1093 (2025)

Figure 2. Screenshot of the log‐based patient‐specific quality assurance 
script user interface developed in this study – the script was tested in 
RayStation.

Figure 3. Example of spot position map and setup information obtained 
from the planned (left) and delivered data (right) derived from a log file. 
In the delivered section, the spot positions and couch roll information 
were slightly changed according to the logged data.
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phantom CT. This represents a reasonable timeframe for 
effective clinical applications of the proposed log‑based 
PSQA method. 

Log‑based PSQA offers several advantages compared 
with measurement‑based PSQA. First, the log‑based PSQA 
exhibits improved time performance in the clinical workflow 
as it does not require additional beam deliveries such as 
repeated two‑dimensional (2D) measurements to acquire 
dose distributions at different slices. Second, unlike the 
measurement‑based PSQA that requires a homogeneous QA 
phantom, the log‑based PSQA calculates the 3D biological 
dose distribution directly using patients’ CT images. Finally, 
the log‑based PSQA enables the evaluation of the delivered 
dose for all the patient’s fractions, providing a comprehensive 
assessment of treatment accuracy throughout the treatment 
course. This aspect is particularly valuable because it enables 
the identification of any variation or deviation in dose 
delivery that may occur over the treatment duration. In 
addition, this feature represents a general advantage of 
software‑based PSQA, and the same applies to CIRT. 

A beneficial aspect of the log‑based PSQA is its potential 
as an alternative solution for MUs accuracy checks. The 
accuracy of the monitor can be compromised by possible 
degradation of the multiwire proportional counter (MWPC) 
installed in front of it. Although the discrepancy in the 
values measured using an ion chamber and the monitor 
during daily QA can be used to prevent this, value correction 
across all wires of the MWPC may still be a challenging 

process owing to the high probability of degradation at the 
center of the detector, that is, the status of degradation is 
not uniform. Considering that the log file records 
information from all areas of the MU monitor, this data can 
be used to ensure that the status of the MWPC reflects the 
consistency of measurement‑based PSQA. 

A practical limitation of the proposed approach is the 
assumption that the dose reconstruction is performed using 
an optimally calibrated beam machine. The delivered dose 
calculation cannot identify machine‑specific states, such as 
laser setup errors, couch sagging, and patient setup 
uncertainties. Therefore, rigorous daily and monthly QA 
procedures under the supervision of medical physicists are 
essential for the log‑based PSQA. Moreover, by performing 
measurement‑based and log‑based PSQA simultaneously 
using the log generated by the measurement PSQA, the 
correlation between the two PSQA methods can be validated. 
This is necessary in a clinical setting because after irradiating 
a patient with fractional treatments, the measurement‑based 
pre‑treatment PSQA is no longer executed, whereas the log‑
based PSQA can still be performed. 

Another limitation of our approach is the independent 
calculations performed using the dose calculation 
algorithm. Identifying issues originating from the dose 
calculation algorithm is challenging because, currently, TPSs 
such as RayStation (RaySearch Laboratories, Stockholm, 
Sweden) and XiO (Elekta AB, Stockholm, Sweden) are the 
only available commercial dose calculation software for 
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Figure 5. Example of gamma index histogram of the tested plan (left) and spot position differences plotted against the beam spot ID (right).



CIRT. To address this problem, a Monte Carlo‑based dose 
calculation method (22) may be applied for comparison to 
ensure independent dose calculations. 

During our evaluations using two identical Toshiba 
machines installed at two different institutes, we 
encountered an issue that resulted in a situation where the 
positions of specific spots could not be tracked in the log file. 
In such instances, the MWPC provided position readings that 
significantly exceeded the standard operational range, which 
is normally within a maximum numeric range of 200×200, 
corresponding to –100 to 100 on each axis. This problem 
occurred identically for both machines, although the location 
of occurrence differed in the two sites. The vendor referred 
to this observation as a calculation failure, noting that this 
type of issue can occur stochastically, depending on the 
voltage applied to the positioning monitor. In a total of 60 
cases, a calculation failure rate of 0.25%±0.02% occurred, 
and the value of the corresponding positions was located 
outside the field. To address this issue, our procedure 
replaces the incorrect values with the ideal position, that is, 
the planned position. The errors resulting from stochastic 
calculation failures are considered negligible. In our tests, a 
comparison between the dose distributions at the ideal 
position and an artificial position (adjusted by averaging the 
position error calculated using the RMS method) 
demonstrated a gamma‑passing rate of over 99.99% (using 
a criterion of 1 mm/1%). 
 
Conclusion 
 
In this study, we developed a method for recalculating the 
delivered dose distribution for CIRT using log data. Our 
results confirmed that the proposed method can 
significantly enhance the speed of PSQA procedures in CIRT 
by providing 3D recalculations of both physical and 
biological dose distributions. Our method employs a 
commercial TPS and requires reduced 2D detector array 
measurements. However, measurement‑based QA methods 
are still necessary for absolute dose measurement. To 
promote the development of open software for log‑based 
PSQA, the RayStation script used in this study is available for 

download on a dedicated website (23). In conclusion, the 
proposed method for recalculating the delivered dose 
distribution using log data has the potential to contribute 
significantly to the continuous evolution of CIRT by 
optimizing QA procedures. 
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