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This study aims to reconstruct the 2D dose distribution based on log file and use it for IMRT patient-specific QA.
Log files retrieved from Varian Unique Linear Accelerator was extracted to calculate the MU fluence and con-
verted into 2D dose distribution using the modified Clarkson integration (MCI) method. All calculations were
performed using the MATLAB scripts and functions. This reconstruction assumed that the cube water phantom
was irradiated by 6 MV photon at source surface distance (SSD) 98.5 cm and at depth of 1.5 cm. This 2D dose
reconstruction was compared with EclipseTM treatment planning system (TPS) calculation. The evaluation was
done based on isocenter point and 2D gamma index analysis. The evaluation was separated by the split field
(large IMRT field) and non-split field (small IMRT field). The isocenter dose evaluation results were 89% and
36% of data for non-split field and split field had deviation under 3%. The gamma pass-rate results for non-split
field with 2%/2 mm, 3%/3 mm and 4%/4 mm criteria were above 84%, 90% and 95%. On the other hand, the
gamma pass-rate results for split field with 2%/2 mm, 3%/3 mm and 4%/4 mm criteria were above 78%, 85%
and 90%. These results show that log file information can be used to reconstruct 2D dose distribution and

potentially to be used for IMRT patient-specific QA.

1. Introduction

The purpose of intensity-modulated radiation therapy (IMRT) pa-
tient-specific QA is to ensure that the actual radiation delivery para-
meters correspond to the planned radiation parameters generated from
Treatment Planning System (TPS). IMRT patient-specific QA should be
efficient, automatic and applicable to ensure the safety of patient
treatment. Linear accelerator (LINAC) can generate the log file that can
be employed to evaluate the radiation accuracy for pre-and-post-
treatments delivered to the specific patient. Varian LINAC log files
create information about multileaf collimator (MLC), jaws position,
carriage position, gantry position and MU fraction generated every
50 m. The log files data usually were used to verify the MLC speed or
position for IMRT and volumetric-modulated arc therapy (VMAT)
techniques (LoSasso, 2008; McGarry et al., 2016; Midi and Zin, 2017;
Rangaraj et al., 2013). The data from the log files is a potential in-
formation to reconstruct dose not only in phantom but also in patient
(Osewski et al., 2014). The Varian log files can also be used to re-
construct the dose volume histogram (DVH) if the log files information
is combined with CT patient data and treatment planning system (Jf,
2014; Osewski et al., 2014; Tae-Suk et al., 2009). The log files also can
be used to calculate and verify the 3D dose delivered using the Mobius
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FX for IMRT and VMAT techniques (Vazquez-Quino et al., 2017).

Kung et al. (2000) introduced a method for MU verification calcu-
lation in IMRT technique based on the concept of modified Clarkson
integration (MCI). Xing et al. (2000) used the modified Clarkson in-
tegration with simple scatter-summation algorithm. Meanwhile, Yang
et al. (2003) used the modified Clarkson integration with the inclusion
of head scatter and MLC transmission for IMRT technique. All these
methods were designed for step-and-shoot IMRT technique. Chen et al.
(2005) developed an MU verification calculation for sliding window
IMRT using the dynamic MLC (DMLC) files that were generated by the
IMRT treatment planning system. All evaluations of this study compare
some points of calculation dose based on the developed method with
the calculation of a commercial treatment planning system.

This study aims to reconstruct the 2D dose distribution for sliding
window IMRT using the modified Clarkson Integration based on log
files generated from linear accelerator after patient irradiation or after
IMRT QA irradiation. The evaluation of this study does not only com-
pare the point dose, but also the 2D dose based on gamma index eva-
luation.
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Fig. 1. Flow chart to reconstruct the 2D dose distribution based on log files.

2. Methods

This study was conducted at Cipto Mangunkusomo Hospital,
Jakarta, Indonesia, and utilized the log files information generated from
the Unique Varian Linear Accelerator (LINAC) 6 MV that was manu-
factured in China. The LINAC has 120 MLC divided into 60 MLC(s) at
both of Bank A and Bank B. The procedure to reconstruct 2D dose
distribution from log files is summarized in a flow chart as shown in
Fig. 1.
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2.1. Extracting the log files

On the default mode, the log files are not saved automatically on the
system such that certain commands at VxWork® application are re-
quired to configure the system to save and generate the log file auto-
matically after the irradiation of IMRT field. The two files with.dlg
extension will be saved on some directory (usually at D:\VMSOS
\AppData\MLC\Controller\MLCDynalogs). Those files contain the MLC
information for Bank A and Bank B. Dynalog file viewer reference guide
document is used as a protocol to generate the log files from Varian
LINAC system (DynaLog File Viewer Reference Guide, 2015).

2.2. MU fluence reconstruction based on log file information

The log files comprise the information about MU fraction, jaw po-
sition, and MLC position captured every 50 ms. This information was
used to reconstruct the MU fluence. A MATLAB script and function have
been built to reconstruct the MU fluence. A blank array which re-
presents 40 cm X 40 cm field was prepared. This array has 2 mm pixel
resolution and the pixel value for every segment of IMRT field depends
on the pixel location (the pixel location at the open field, blocked by the
MLC or blocked by the jaws). The array pixels unblocked by the MLC
and jaws have the same pixel value as the MU fraction (Mubarok et al.,
2019). Additionally, the array pixels unblocked by jaws but blocked by
MLC have the pixel value 2% of the MU fraction (the MLC transmission
was assumed 2%) (Khan, 2014; LoSasso et al., 1998; Mubarok et al.,
2019). On the other hand, the array pixels blocked by jaws and MLC
have the zero value. The MLC leaves were opened 1 mm bigger than
geometrical position because the radiation field offset (RFO) was as-
sumed 1 mm (the measurement of RFO was reported having the value
range of 0.5 mm-1.3 mm) (Mubarok et al., 2019; Vial et al., 2006). The
MU fluence was reconstructed and summed every 50 ms at all segments
of IMRT field irradiation. The illustration to reconstruct the MU fluence
can be seen in Fig. 2 and Fig. 3.

2.3. 2D dose reconstruction using Modified Clarkson Integration

2D dose reconstruction based on MU fluence was performed using
the modified Clarkson integration (MCI) method. The dose distribution
consists of the contribution of primary dose D, and secondary dose D;.
The MU fluence at cartesian coordinate (x,y) was converted to the circle

Unblocked by the MLC and jaws
- pixel value = the MU fraction

Unblocked by the jaws, blocked by the MLC
- pixel value = 2% of the MU fraction

Blocked by the jaws and MLC
- pixel value =0

Fig. 2. The pixel value for every segment of IMRT field depends on the pixel location.
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end segment MU fluence

Fig. 3. The illustration to reconstruct the MU fluence. The MU fluence were reconstructed and summed every 50 ms at all segments of IMRT field irradiation.

MU(x,y) » MU(r)

»

Fig. 4. MU fluence at cartesian coordinate (x,y) was converted to the circle coordinate (r).

coordinate (r) because there is a symmetry scattering contribution from
the pixel in the same radius (see Fig. 4) (Kung et al., 2000; Yang et al.,
2003).

MU (x, y) » MU(r) = % J MU, y)de ”
circle

The dose equation for each pixel is:
D(x,y,2) = MU [D,(x, y, 2) + Y, Ds(x, y, 2)] )

with D, and D can be calculated using the Equations (3) and (4), re-
spectively.

2
100
Dy(x, y,2) = (W—z') Gy Sp(0)TMR (dgf, 0) OAR(dgy, X, ¥)

()]
Dy(x,, 2)
100 Y
= (W) Cr[Sp(r + Ar)TMR(dyy, 1 + Ar) — Sp(r)TMR (degy, 1)]
-z
OAR (dgg, X, y) 4)
where Cr is LINAC calibration factor.

Sp(0), TMR(d.y, 0) and OAR(dyy, X, y) are phantom scatter factor,
tissue maximum ratio and off axis ratio for zero field size, respectively.
While Sp(r)and TMR(r) are phantom scatter factor and tissue max-
imum ratio for field size with radius r.

The assumption to reconstruct the 2D dose distribution based on
MCI calculation method used 40cm X 40cm X 40cm cube water
phantom. The 2D dose calculation was measured at Zpgy
(depth = 1.5cm) and using source axis distance (SAD) technique
(SSD = 98.5 cm). The contribution of primary dose on this study used
the circle with the radius 7, = 4 mm and the contribution of secondary
dose was calculated for every addition Ar = 4 mm. The 4 mm radius
was selected because its size was considered the most ideal for the array
with 2 mm resolution.

2.4. Evaluation of 2D dose reconstruction with treatment planning system
(TPS)

2D dose reconstruction was evaluated with the calculation of TPS.
Dose distribution on TPS verification plan was created using cube water
phantom at SSD = 98.5 cm and depth = 1.5 cm (Fig. 5). The evaluation
of point dose has been done by comparing the isocenter of 2D dose
reconstruction based on log files with the isocenter dose based on TPS
calculation. The planar dose evaluation has been done using gamma
index criteria. The formulation of gamma index criteria is shown in
Equation (5):

B (distance )2 . [dose different ’
T =\\"pra AD )

with distance is a distance from a reference point to calculation point,
dose different is percentage deviation of between the value of reference
point with calculation point, DTA is a distance to agreement and AD is
the percentage deviation that was accepted (Biggs et al., 2001; Jeraj
and Robar, 2004). The acceptable gamma passing rate criteria for this
study were set 95% for 4%,/4 mm, 90% for 3%,/3 mm and 85% for 2%,
2mm.

3. Results and discussion
3.1. MU fluence and 2D dose reconstruction

The results were divided into split IMRT field and non-split IMRT
fields. Because of the limited movement of carriage MLC to cover the
large area, the IMRT field was split into two or three fields and com-
bined as if they were just one field. The example of MU fluence and 2D
dose reconstruction for split IMRT field can be seen in Fig. 6, while the
example for non-split IMRT field can be seen in Fig. 7. Dose re-
construction only calculated the pixels that have a non-zero value of
MU fluence. Total time needed to reconstruct 2D dose reconstruction
for non-split IMRT field was 147s-292s, while for split IMRT field was
479.0s-1210.5s. The dose reconstruction used MATLAB application
with a laptop that had specification processor of Intel(R) Core™ i5-
3230M CPU @ 2.60 GHz and 4.00 GB RAM.
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Fig. 5. Verification plan is created on TPS at SSD = 98.5 cm and depth = 1.5 cm.

3.2. Evaluation of 2D dose reconstruction

2D dose reconstruction based on log file information was conducted
for 7 cases consisting of 2 brain cases, 2 breast cases, inguinal, cervix
and nasopharynx. The evaluation was separated into split IMRT field
(large field) and non-split IMRT field (small field). The comparison
isocenter dose point between 2D dose reconstruction based on MCI
method and TPS calculation can be seen in Fig. 8. Almost all data (89%
data) for non-split IMRT field had deviation below 3%. All data that had
deviation below 3% showed the isocenter location at the center of the
irradiation field (Fig. 9a), but for the data that had deviation above 3%
showed the isocenter location at the edge of irradiation field (penumbra
region) (Fig. 9b). These results were in line with Kung et al. (2000),

Xing et al. (2000) and Yang et al. (2003), the isocenter dose point were
between 3% and 5% The results for split IMRT field show that only 36%
data had deviation under 3%. This is because the isocenter location for
split IMRT field is usually at the junction where the IMRT beam is split
and this is in line with Chen et al. (2005), where for large IMRT field,
the isocenter dose point can be higher than 10%. The results on the
evaluation of isocenter dose point for split IMRT are relatively poor
than those results for non-split IMRT field. This corresponds to the
disagreement between the MCI method and TPS calculation at the
junction where the IMRT beam is split. Fig. 10a and b shows the areas
of the mismatched pixels between the MCI method and the TPS cal-
culation. Evaluation based on the 2D dose modification for the MCI
method shows inconsistencies with the TPS calculation in the non-split

MU ﬂuence

“ n
200
00
400

2D dose reconstructlon

Fig. 6. MU fluence and 2D dose reconstruction for split IMRT field.
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Fig. 7. MU fluence and 2D dose reconstruction for non-split IMRT field.
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Fig. 8. The deviation isocenter dose point between 2D dose reconstruction based on MCI method and TPS calculation.
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Fig. 9. The example of isocenter location of non-split IMRT field. a. The isocenter location at center of the irradiation field (beam 4th), b. The isocenter location at the

edge of irradiation field/penumbra region (beam 16th).

IMRT as shown in Fig. 11a. Whereas in Fig. 11b, gamma index eva-
luation only failed at high dose gradient and at the penumbra and
umbra region.

All results for 2D planar dose evaluation using gamma index are
presented in Tables 1 and 2. The results are summarized in Table 3. The
acceptable gamma passing rate criteria for this study were set 95% for
4%,/4 mm, 90% for 3%/3 mm and 85% for 2%, 2 mm. The sample data
percentage which passed the acceptable criteria for non-split IMRT field
were 83%, 94% and 89% and for split IMRT field were 36%, 68% and
32%, respectively, with the said criteria. These results show that almost

all data for non-split IMRT field passed the acceptable criteria while
almost all data for split IMRT field did not pass the acceptable criteria.

The data distribution for the gamma index passing rate can be seen
in Figs. 12-14. The gamma pass-rate results for almost data with 2%/
2 mm, 3%/3 mm and 4%/4 mm gamma criteria for non-split field were
above 84%, 90% and 95%, while for split field were above 78%, 85%
and 90%, respectively. The evaluation of split IMRT field was relatively
poorer than non-split IMRT field and these were relevant with the
evaluation of isocenter dose point. The reason that pixels at the junction
of 2D dose reconstruction did not conform with the TPS calculation was
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Fig. 10. a. Split IMRT field crossline profile between 2D dose reconstruction based on MCI method and TPS calculation, b. Image of gamma index evaluation of split
IMRT field (3%,3 mm criteria). The red circles show the disagreement between the MCI method and TPS calculation at the junction where the IMRT beam is split.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 11. a. Non-split IMRT field crossline profile between 2D dose reconstruction based on MCI method and TPS calculation, b. Image of gamma index evaluation of
non-split IMRT field (3%,3 mm criteria). The red circles show the gamma index evaluation only failed at high dose gradient and at the penumbra and umbra region.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 1
The results of gamma index evaluation between 2D dose reconstruction and
TPS calculation for non-split IMRT field.

No Location Acceptable Gamma Passing Rate Criteria (%)
85% for 2%, 2mm  90% for 3%, 3mm  95% for 4%, 4 mm

1 Brain 1 86.89 pass 94.65 pass 97.04 pass

2 Brain 1 90.24 pass 96.43 pass 98.58 pass

3 Brain 1 93.89 pass 98.16 pass 99.40 pass

4 Brain 1 90.57 pass 95.45 pass 97.13 pass

5 Brain 1 88.56 pass 94.94 pass 97.79 pass

6 Brain 2 90.21 pass 96.03 pass 98.41 pass

7 Brain 2 87.89 pass 96.02 pass 98.36 pass

8 Brain 2 89.96 pass 95.01 pass 97.27 pass

9 Brain 2 81.25 not pass  89.26 not pass  93.54 not pass
10 Brain 2 90.10 pass 95.04 pass 96.68 pass

11 Brain 2 90.38 pass 96.83 pass 98.68 pass

12 Left breast 1 85.49 pass 92.24 pass 95.82  pass

13 Left breast 1 85.20 pass 92.34 pass 95.61 pass

14 Left breast 1 84.22 not pass  92.04 pass 95.36  pass

15 Left breast1 84.86 not pass  93.25 pass 96.20 pass

16 Left breast 1 86.72 pass 92.16 pass 94.62  not pass
17 Nasopharing 87.91 pass 94.62 pass 97.14 pass

18 Nasopharing 88.79 pass 93.73 pass 96.68 pass

because the dose reconstruction based on MU fluence had not been able
to calculate accurately the dose within the edge of field and suspected.
This was because the dose calculation only calculated the pixels that
had non-zero value of MU fluence. To inspect this reason, it is needed to
calculate the dose for all pixels MU fluence including for pixels that
have zero value, but as the consequences, it will take a longer time to
get the 2D dose distribution.

The gamma evaluation results show that the method to reconstruct
2D dose based on log files data in this study can be used for non-split
IMRT field. Further research is required so the dose calculation can be
more accurate to calculate the dose in the high dose gradient such as in
the penumbra/umbra region. Further research to be more accurate to
calculate the dose at the junction of split IMRT field is also required.
The 2D dose reconstruction based on this study was relatively poorer
than the dose reconstruction based on Mobius FX, because the gamma
passing rate between the Mobius FX and TPS calculation for VMAT
technique was above 98% for 2%, 2mm gamma index criteria
(Vazquez-Quino et al., 2017).

4. Conclusion

The isocenter dose evaluation results were 89% and 36% data for
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The results of gamma index evaluation between 2D dose reconstruction and TPS calculation for split IMRT field.

No Location Acceptable Gamma Passing Rate Criteria (%)
85% for 2%, 2 mm 90% for 3%, 3 mm 95% for 4%, 4 mm

1 Right inguinal 85.45 pass 90.38 pass 93.73 not pass
2 Right inguinal 78.11 not pass 85.75 not pass 90.31 not pass
3 Right inguinal 82.54 not pass 90.05 pass 93.94 not pass
4 Right inguinal 83.59 not pass 88.91 not pass 92.93 not pass
5 Right inguinal 83.04 not pass 90.32 pass 94.69 not pass
6 Cervix 83.07 not pass 88.53 not pass 90.27 not pass
7 Cervix 67.13 not pass 90.03 pass 93.69 not pass
8 Cervix 78.42 not pass 90.64 pass 94.55 not pass
9 Cervix 83.89 not pass 89.86 not pass 93.87 not pass
10 Cervix 86.60 pass 94.94 pass 96.28 pass

11 Left breast 1 89.82 pass 95.41 pass 97.08 pass

12 Nasopharing 84.40 not pass 91.62 pass 95.10 pass

13 Nasopharing 88.50 pass 94.09 pass 96.66 pass

14 Nasopharing 84.17 not pass 90.60 pass 94.44 not pass
15 Nasopharing 80.88 not pass 88.52 not pass 92.78 not pass
16 Nasopharing 85.35 pass 91.63 pass 94.82 not pass
17 Left breast 2 85.49 pass 93.00 pass 96.16 pass

18 Left breast 2 84.88 not pass 91.58 pass 94.80 not pass
19 Left breast 2 80.31 not pass 87.15 not pass 91.18 not pass
20 Left breast 2 80.77 not pass 87.71 not pass 92.10 not pass
21 Left breast 2 88.30 pass 94.02 pass 96.88 pass

22 Left breast 2 85.52 pass 92.03 pass 95.44 pass

Table 3

The summary of the results of gamma index evaluation between 2D dose reconstruction and TPS calculation.

Acceptable Gamma Passing Rate Criteria (%)

95% for 4%, 4 mm

85% for 2%, 2 mm

90% for 3%, 3 mm

non-split IMRT field

split IMRT field

Pass criteria
didn't pass criteria
Pass criteria
didn't pass criteria

15 data (83% from all data)
3 data (17% from all data)
8 data (36% from all data)
14 data (64% from all data)

17 data (94% from all data)
1 data (6% from all data)
15 data (68% from all data)
7 data (32% from all data)

16 data (89% from all data)
2 data (11% from all data)
7 data (32% from all data)
15 data (68% from all data)
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Fig. 12. The results of gamma evaluation 2%, 2 mm criteria between 2D dose reconstruction and TPS calculation a. Non-split IMRT field, b. Split IMRT field.

non-split field and split field had deviation under 3%. The gamma pass-
rate results for non-split field with 2%,/2 mm, 3%/3 mm and 4%,/4 mm
criteria were above 84%, 90% and 95%, respectively. On the other
hand, the gamma pass-rate results for split field with 2%/2 mm, 3%/
3mm and 4%/4 mm criteria were above 78%, 85% and 90%, respec-

tively. These results show that log file information can be used to

reconstruct 2D dose distribution and potentially to be used for IMRT
patient-specific QA. Further research is required, so the dose calculation
can be more accurate to calculate the dose in the high dose gradient
such as in the penumbra/umbra region and at the junction of split IMRT
field.
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