
Introduction 

Intensity-modulated radiotherapy (IMRT) and volumetric modu-
lated arc therapy (VMAT), which deliver the desired radiation 
dose to the targeted tumors with minimal radiation to the sur-
rounding normal tissue, are extensively used in radiotherapy. 
IMRT technology increases the daily radiation dose (dose per frac-
tion) based on these technical advantages and contributes signifi-
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cantly to patient convenience by enhancing the radiation treatment 
effect and reducing the radiation treatment period [1-8]. In partic-
ular, Huh et al. [9] reported that the number of IMRT cases in-
creased significantly by a factor of approximately 18 from 2011 to 
2018 owing to the expansion of the national health insurance cov-
erage in Korea. 

IMRT modulates the photon-beam intensity by changing the 
position of the multileaf collimator (MLC) [10], thereby deliver-
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ing a nonuniform fluence from any given position of the patient’s 
treatment beam and optimizing the dose distribution [11]. How-
ever, the calculation of the small or irregular fields frequently used 
in IMRT has been reported as inaccurate; even with state-of-the-
art dose calculation algorithms, the calculated dose distribution 
and the dose distribution delivered to the patient may differ [10]. 
Therefore, for all patients undergoing IMRT treatment, pa-
tient-specific quality assurance (QA) must be performed prior to 
radiotherapy [12]. Patient-specific QA is generally analyzed using 
various tools, such as ion chambers, thermoluminescent dosime-
ters (TLDs), film dosimetry, electronic portal imaging devices 
(EPIDs), and two-dimensional (2D) arrays. In particular, the gam-
ma index analysis method, which compares and analyzes the calcu-
lated and measured doses, is the most used for patient-specific QA 
in IMRT treatment. In IMRT treatment, although the values of ac-
ceptable dose difference (DD) and distance-to-agreement (DTA) 
are not clearly defined, the clinically well-accepted values are 3% 
and 3 mm, respectively [10-17]. Our institution used these same 
values; as the passing criterion, such as DD or DTA increases, the 
passing gamma value will increase. 

Recently, FractionLab (Varian/Mobius Medical System, Hous-
ton, TX, USA), presented a gamma index analysis of the planned 
and delivered fluences based on MLC log files by using a phan-
tom-free method. FractionLab automatically analyzes the machine 
log files that can be generated by a medical linear accelerator. In ad-
dition, the log files can be analyzed in bulk, and several machine 
performance metrics, such as the MLC positioning errors, beam 
shutoff speed, and planned/delivered gamma agreement, can be 
assessed [18]. Nevertheless, the clinical performance of Fraction-
Lab has not yet been reported. 

This study compared the clinical performance of FractionLab 
with portal dosimetry, one of the most commonly used tools for 
patient-specific QA in IMRT treatment. Furthermore, we attempt-
ed to determine an appropriate gamma index when performing pa-
tient-specific QA by using FractionLab. 

Methods 

Ethical statements: The study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: 2022-03-011), which waived the need for informed 
consent due to the retrospective design of the study.

1. Study design and participants 
This study is a retrospective data analysis involving 29 patients 
who underwent IMRT on Novalis-Tx (Varian Medical System, 

Palo Alto, CA and BrainLAB, Feldkirchen, Germany) linear accel-
erators from June 2019 to March 2021. Table 1 lists the character-
istics of these patients. The treated area distribution, included in 
the study, shows the brain as the most commonly treated area (16 
patients, 55.2%), followed by the pelvis (six patients, 20.7%), lung 
(four patients, 13.8%), and head and neck (three patients, 10.3%). 

2. Treatment planning and delivery techniques 
All the radiation treatments were performed using a fixed-gantry 
method, and the radiation was delivered using a sliding window 
method, in which the MLC was continuously moved during radia-
tion exposure. 

3. Electronic portal imaging device 
Portal dosimetry (Varian Medical System) was performed for the 
fluences measured using an amorphous silicon (aS1000) EPID at-
tached to the linear accelerator [10,19]. The EPID has a matrix of 
1,024 × 768 pixels and detects a size of 40 × 30 cm2 on the surface 
[20]. Fig. 1 shows the patient-specific QA method with the EPID 
in the portal dosimetry for IMRT. Portal dosimetry is extensively 
applied for patient-specific QA in complex radiotherapy such as 
IMRT and VMAT. Because portal dosimetry does not require a 
phantom setup, the QA time can be reduced; thus, it is widely used 
routinely in clinical practice. Although portal dosimetry has high 
resolution and reduces the QA time, it cannot verify patient dose 
calculation algorithms such as pencil beam convolution, anisotro-
pic analytical algorithm, and Acuros XB algorithm. Portal dosime-
try is calculated from the fluence map rather than the dose map 
calculation. 

Fig. 2 illustrates patient-specific QA using portal dosimetry.  
Fig. 2A shows the portal dose image predicted by the portal dose 

Table 1. Characteristics of the studied patients treated using in-
tensity-modulated radiotherapy techniques on the Novalis-Tx

Characteristic Data
No. of patients 29
Age (yr) 66 (39–87)
Sex
 Female 5 (17.2)
 Male 24 (82.8)
Treated region
 Brain 16 (55.2)
 Head and neck 3 (10.3)
 Lung 4 (13.8)
 Pelvis 6 (20.7)

Values are presented as number only, median (range), or number (%).
Novalis-Tx, Varian Medical System, Palo Alto, CA, USA. 

109https://doi.org/10.12701/yujm.2021.01123

J Yeungnam Med Sci 2022;39(2):108-115



Fig. 1. Patient-specific quality assurance with amorphous silicon (aS1000) electronic portal imaging device (EPID)-based portal dosime-
try.
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Fig. 2. Example of patient-specific quality assurance with portal dosimetry. (A) Portal dose image predicted by the portal dose image 
prediction (PDIP) algorithm, a dedicated two-dimensional algorithm for dose prediction. (B) Portal dose image measured by the electronic 
portal imaging device. (C) Gamma (3%/3 mm) evaluation between the predicted and measured portal dose images. (D) Three-dimension-
al gamma (3%/3 mm) image on the portal dose image.
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image prediction algorithm, which is a 2D algorithm dedicated 
to dose prediction, and Fig. 2B shows the image measured using 
the EPID. Fig. 2C depicts the gamma (3%/3 mm) evaluation be-
tween the predicted and measured portal dose images, and Fig. 
2D depicts the 3D gamma (3%/3 mm) image of the portal dose 
image. 

4. FractionLab 
DoseLab (Varian Medical Systems) consists of three separate 
products: DoseLab, TG-142, and FractionLab. The FractionLab 
software automatically analyzes the machine log files that can be 
automatically generated by linear accelerators, as shown in Fig. 3. 

Fig. 4 illustrates patient-specific QA using FractionLab. Fig. 4A 
and 4B depict the planned fluence image and the fluence image de-
livered by the log files, and Fig. 4C shows the gamma (0.6%/0.6 
mm) evaluation between the planned and delivered fluence imag-
es. 

FractionLab performs gamma evaluation between the automati-
cally calculated 2D fluence and the 2D fluence generated using the 
log files after irradiation. The machine log files include the deliv-
ered MLC position information as a function of the fractional 
dose, which is used by FractionLab to create fluence maps magni-
fied on the isocenter plane. These fluence maps are generated at a 

fixed resolution of 0.5 mm per pixel [18]. Two files (‘A’ bank and 
‘B’ bank) were created for the machine log files of a field. Fraction-
Lab can evaluate several aspects of the machine performance such 
as the MLC position error, beam cutoff rate, and plan/delivery 
gamma agreement. DynaLog files were generated for the Varian 
Clinic and Varian Trilogy accelerators, and trajectory log files were 
generated for the Varian TrueBeam accelerators. The DynaLog 
files were used in this study. The general parameter specifications 
are as follows: sampling time =  0.05 sec, MLC position =  0.01 
mm, jaw position =  0.1 cm, and gantry angle =  0.1°; the couch an-
gle is not reflected in the log files [18]. 

5. Analysis of the gamma index between the electronic 
portal imaging device and FractionLab 
Portal dosimetry was performed using a 3% DD and 3-mm DTA, 
which are commonly used in clinical practice for gamma evalua-
tion. We analyzed the MLC DynaLog files generated after portal 
dosimetry to evaluate the same condition using FractionLab. We 
evaluated the gamma value using FractionLab, by varying the DD/
DTA values from 0.1%/0.1 mm to 1%/1 mm. 

6. Statistical analyses 
We conducted a paired t-test on the portal dosimetry and Fraction-

Fig. 3. Image of the gamma scatter plot by field using multileaf collimator (MLC) log files (.dlg) and FractionLab (Varian/Mobius Medical 
System, Houston, TX, USA), generated after the radiotherapy treatment of one of the patients included in the study; one field creates two 
dlg files (‘A’ and ‘B’ banks).
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Lab QA results to determine an appropriate gamma index when 
using FractionLab-based patient-specific QA, as a 3%/3 mm gam-
ma index was considered when performing QA using portal do-
simetry. Statistical analysis was performed using IBM SPSS version 
22.0 (IBM Corp., Armonk, NY, USA). The gamma passing rates of 
portal dosimetry (3%/3 mm) and FractionLab at various gamma 
criteria (0.1%/0.1–1%/1 mm) were analyzed, where p ≤ 0.05 was 
considered statistically significant. 

Results 

The gamma passing rates of portal dosimetry (3%/3 mm) and 
FractionLab at various gamma criteria (0.1%/0.1–1%/1 mm) for 
IMRT are depicted in Table 2 and Fig. 5.  

The average gamma passing rate of portal dosimetry (3%/3 
mm) is 98.1% (95.5%–100%). In FractionLab, gamma evaluation 
was performed from 0.1%/0.1 mm to 1%/1 mm in steps of 
0.1%/0.1 mm. The average gamma passing rates (range) of Frac-
tionLab are 69.7% (37.7%–77.3%), 70.6% (40.1%–77.6%), 72.4% 
(48.3%–86.3%), 74.5% (54.5%–94.4%), 96.4% (90.4%– 99.6%), 
97.5% (92.3%–99.7%), 97.8% (92.5%–99.9%), 98.1% (92.8%–
99.9%), 98.5% (93.0%–100%), and 99.5% (98.1%–100%). 

Therefore, it can be said that the paired t-test results for the aver-
age value of portal dosimetry (3%/3 mm) and FractionLab exhibit 
statistically significant differences for gamma indices below 
0.6%/0.6 mm and 1%/1 mm. 

Discussion 

Complex and sophisticated radiotherapy technologies, such as 
IMRT and VMAT, which deliver the desired radiation dose to the 
targeted tumors with minimum dosage to the surrounding normal 
organs, have a complex dose distribution and steep dose gradient. 
Therefore, patient-specific QA is crucial in radiotherapy [11-
13,15,16]. 

Recently, various IMRT QA methods have been proposed for 
patient-specific QA [10,11]. In this study, the mean values of por-
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Table 2. Gamma passing rates of portal dosimetry (3%/3 mm) and 
FractionLab for various gamma criteria (0.1%/0.1–1%/1 mm) in 
intensity modulated radiotherapy

FractionLab Portal dosimetry 
(3%/3 mm)

p-valueb)

Gamma criteria 
(%/mm)

Gamma passing  
ratesa)

Gamma passing  
ratesa)

0.1/0.1 69.7 (37.7–77.3) 98.1 (95.5–100) <0.001
0.2/0.2 70.6 (40.1–77.6) 98.1 (95.5–100) <0.001
0.3/0.3 72.4 (48.3–86.3) 98.1 (95.5–100) <0.001
0.4/0.4 74.5 (54.5–94.4) 98.1 (95.5–100) 0.001
0.5/0.5 96.4 (90.4–99.6) 98.1 (95.5–100) 0.001
0.6/0.6 97.5 (92.3–99.7) 98.1 (95.5–100) 0.127
0.7/0.7 97.8 (92.5–99.9) 98.1 (95.5–100) 0.519
0.8/0.8 98.1 (92.8–99.9) 98.1 (95.5–100) 0.965
0.9/0.9 98.5 (93.0–100.0) 98.1 (95.5–100) 0.306
1.0/1.0 99.5 (98.1–100.0) 98.1 (95.5–100) <0.001

a)Median (range). b)By paired t-test.
FractionLab, Varian/Mobius Medical System, Houston, TX, USA.
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Fig. 5. Gamma passing rates of portal dosimetry (3%/3 mm) and FractionLab (Varian/Mobius Medical System, Houston, TX, USA) at vari-
ous gamma indices (0.1%/0.1 mm–1%/1 mm).

tal dosimetry (3%/3 mm) and FractionLab (included in Dose-
Lab) at various gamma indices were compared, and the statistical 
differences were analyzed through a paired t-test. 

Kim et al. [10] investigated the characteristics of portal dosime-
try in comparison with the MapCHECK2 (Sun Nuclear Corpora-
tion, Melbourne, FL, USA) measurement with respect to 65 treat-
ment plans, including IMRT and VMAT, for various linear acceler-
ator machines (VitalBeam, Trilogy, Clinac 21EXS, and Clinac Ix 
[Varian Medical System, Palo Alto, CA, USA]). When using portal 
dosimetry for patient-specific QA in IMRT treatment, most evalu-
ation criteria for the gamma index include a gamma criterion of 
3%/3 mm and gamma values of ≥ 95% as pass criteria. Therefore, 
we analyzed the QA results by using the 3%/3 mm gamma criteria 
of portal dosimetry and logfiles generated by irradiation in portal 
dosimetry using FractionLab with various gamma indices. We 
tried to find an appropriate gamma index when performing pa-
tient-specific QA with FractionLab using the QA results of portal 
dosimetry. The results showed that performing gamma index in 
the range of 0.6%/0.6 mm and 0.9%/0.9 mm is appropriate if Frac-
tionLab is used for patient-specific QA in IMRT. 

Patient-specific QA has been conventionally performed using a 
phantom-based system with various QA tools such as ion cham-
bers, TLDs, film dosimetry, EPID, and 2D arrays. However, the 
use of such a phantom-based QA is time-consuming and the dose 

per fraction delivered cannot be tracked. In addition, this method 
is incapable of determining the root cause of failures. Moreover, 
the conventional method ignores patient-specific anatomical varia-
tions. In comparison, a logfiles-based QA system, such as Mobi-
us3D (Varian Medical System) and ArcCHECK (Sun Nuclear), 
will enable automation, tracking of heterogeneous anatomical 
dose, and allow for root-cause analysis [21]. 

As no clinical data on patient-specific QA using FractionLab are 
currently available, the clinical results of this study can be useful for 
medical physicists in radiation oncology. 

However, this study has some limitations. First, we only ana-
lyzed the clinical performance of the two systems by using the 
gamma analysis method based on portal dosimetry and Fraction-
Lab, and did not provide a detailed analysis of the algorithms of the 
two systems. Second, this study included only fixed-gantry IMRT 
patients. More complex radiotherapy, such as VMAT, may produce 
different results. In the future, it would be necessary to compare 
the existing patient-specific QA methods for treatments such as 
VMAT and various linear accelerators. 

This study showed the clinical performance of FractionLab by 
comparing its QA results using portal dosimetry and various gam-
ma indexes with the results of patient-specific QA in IMRT treat-
ment. The proposed method can present the appropriate gamma 
index when performing patient-specific QA with FractionLab. In 
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patient-specific QA of IMRT treatment, the QA result using a 
gamma index of 3%/3 mm using portal dosimetry is considered 
interchangeable with the QA result obtained using a gamma index 
in the range of 0.6%/0.6 mm and 0.9%/0.9 mm of FractionLab.  
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