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Abstract

Purpose: The main objective of this study is to assure the quality of cervical cancer treatment
plans using an electronic portal imaging device (EPID) in RapidArc techniques.
Materials and Methods: Fifteen cases of cervical cancer patients undergoing RapidArc tech-
nique were selected to evaluate the quality assurance (QA) of their treatment. The computed
tomography (CT) of each patient was obtainedwith 3-mm-slice thickness and transferred to the
Eclipse treatment planning system. The prescribed dose (PD) of 50·4 Gy with 1·8 Gy per frac-
tion to planning target volume (PTV) was used for each patient. The aim of treatment planning
was to achieve 95% of PD to cover 97%, and dose to the PTV should not receive 105% of the PD.
All RapidArc plans were created using the AAA algorithm and treated on Varian DHX using
6 MV photon beam, with two full arcs. Gamma analysis was used to evaluate the quality of the
treatment plans with accepting criteria of 95% at 3%/3 mm.
Results: In this study, maximum and average gamma values were 2·53 ± 0·409 and 0·195 ±
0·059 showing very small deviation and indicating the smaller difference between both pre-
dicted and portal doses. Gamma Area changes from > 0·8 to > 1·2. SD increased to 5·4%
and mean standard error increased to 4·67%.
Conclusion:On the basis of these outcomes, we can summarise that the EPID is a useful tool for
QA in standardising and evaluating RapidArc treatment plans of cervical cancer in routine
clinical practice.

Introduction

Radiotherapy treatment requires quality assurance (QA) programs as it uses ionising radiations.
QA in radiotherapy treatment provides patient safety and avoidance of accidental unnecessary
exposure.1 Volumetric modulated arc therapy (VMAT) is the advanced version of intensity-
modulated radiation therapy (IMRT) that can deliver the dose precisely on target volumes with
more than one arc and provides dose delivery with gantry-arc and gantry-speed modulations.2

The Varian version of VMAT is RapidArc, which was developed by Karl Otto in 2008, and it
utilises dose painting techniques for increasing dose per fraction to the target site.3–5 For the
treatment of head and neck cancer, Mohan et al. used simultaneous integrated boost (SIB)
in IMRT that showed the advantages of shorter treatment time, improved conformity of target
and reduced doses to Organs at Risk (OARs) as well as better dose hotspot control.6 Jin et al.
utilised SIB in VMAT for nasopharyngeal cancer and proved that two-arcs SIB VMAT is better
for target coverage with significantly shorter delivery times, but it showed no improvement for
doses to the OAR.7 Stieler et al. have performed comparison of different techniques in terms of
dosimetric validation for head and neck cancer and proved that VMAT is the most efficient
treatment option affording a high degree of treatment complexity.8 Guckenberger et al. revealed
that single-arc VMAT has improved the target coverage and dose homogeneity in radiotherapy
for prostate cancer. Also multiple-arc VMAT improved the results compared to single-
arc VMAT.9

The use of VMAT has now been adopted as a technique to treat cervical cancer. Cervical
cancer is considered as one of the most commonly occurring gynaecologic cancer, and 83%
of cases are found in the developing countries.10 In cervical cancer treatment, pre-treatment
QA is essential for VMAT: the most commonly practised measurements of absolute dose
are made using ionisation chambers and diodes, and these measurements are combined tomake
isodose distribution measurements in a phantom.11–13 Patient-specific QA in VMAT is mainly
achieved using an electronic portal imaging device (EPID) and two-dimensional (2D) array ion
chambers for dose verification.14 Radiation beam delivery to planning target volume (PTV)
needs QA before treatment for each plan using portal dosimetry or 2D array.15,16 For
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VMAT treatments, the scheduled dosimetric verification of fields
is important.17 The concept of distance to agreement (DTA) cri-
terion for comparison of dose distribution is performed by gamma
evaluation method. DTA is actually the distance of reference point
and closest data point in the compared dose distribution.18

Software is utilised to acquire gamma index (GI) evaluation in
which maximum and average dose deviation between measured
and calculated plan are observed.19 Portal dosimetry is a good
option and can be applied directly to verify measured dose distri-
bution that provides comparison of doses: portal dose prediction
(PDP) and the dose calculated from the treatment planning system
(TPS). Consequently, portal dosimetry provides verification of the
treatment plan.20,21 In the current study, we have adopted the
acceptance level of plane only when both dose difference (DD)
and DTA criteria are fulfilled. Normally, DD 3% or DTA 3 mm
is adopted for daily basis QA for each plan, but in this project
we have selected 3% of 3 mm for dose distribution verification
of RapidArc treatment plan. We have used γ analysis software
for the comparison of calculated and measured dose distribu-
tion of RapidArc treatment plans. Tolerance values of gamma
evaluation are, for area γ <1·0= 97%, Average γ= 0·50 and
Maximum Gamma= 3·50.22 All these dosimetric parameters are
evaluated using EPID for RapidArc treatment plans of cervical
cancer to improve clinical practice.

Materials and Methods

Fifteen cases of cervical cancer treated with RapidArc technique in
Shaukat Khanum Memorial Cancer Hospital & Research Centre
Lahore in June 2018 are included for consideration of QA. All these
cases were selected randomly, patients were informed and signed
consents were obtained. Patients’ ages ranged from 38 to 70 years,
and for all these patients, dose distribution measurements of plans
for dosimetric purpose have been made using EPIDs. EPIDs were
initially adopted for patients’ positioning, but now it has also
gained importance in field verification and obtaining dosimetric
information.23

Figure 1 shows predicted dose at left, portal dose at right and
central part shows the dose map delivered to patient after approval.
EPID has become the essential part of TPS and provides calculated
and measured dose comparison. In this project, the EPID protocol
is used to verify the RA treatment.

Computed tomography (CT) simulation of each patient with
oral and intravenous contrast is obtained using AQUILION
16-slice spiral CT scanner (Toshiba America Medical Systems,

Inc., USA) with 3-mm slice thickness. These images of each patient
are transferred to TPS for treatment planning consideration. For
uniqueness, all those plans have been selected which are made by
the same radiation oncologist. In all these plans, he defined gross
tumour volume (GTV) and clinical target volume (CTV). Besides,
he delineated the doses for bladder, small bowel, rectum and femoral
heads. CTV includes entire uterus, potential microscopic disease,
regional lymph nodes, parametrial tissues and upper half of the vag-
ina. By including 8mmall in directions toCTV, the PTV is archived.
The prescribed dose (PD) of 50·4 Gy with 2 Gy per fraction is used
according to the treatment protocol described by different studies
and is in practice.24 These plans are normalised to achievemean dose
to PTV.Moreover, 95% of PD should cover 97% of PTV and should
not cross 105% of maximum dose.

Figure 2 shows dose statistics of PTV and OARs. The OARs
included in this study are small bowel, rectum, bladder and femoral
heads. Constraints applied in this project are listed as: the volume
receiving 40 Gy of radiation were <40% for the rectum, <50% for
the bladder, <25% for the small bowel and <5% for the femoral
heads.24 In all these RapidArc treatment plans, collapsed cone
beam convolution algorithm is adopted and Varian Clinac®
DHX (Varian Medical Systems, Palo Alto, CA) is utilised for 6
MV photon beam, with two clockwise rotating full arcs of 120 leaf
of multileaf collimator (MLCs) and 178 control points. For each
control point, cumulative dose gantry angle and the position of
each MLC leaf are specific.

The plan is delivered by treatment console and MLC controller
by controlling dose versus gantry angle and controlling the MLC
position versus gantry angle, respectively. The two-arc treatment
plan of RapidArc with dose distribution is shown in Figure 3.
Gamma analysis in Eclipse software provides comparison of
images and pixels. ARIA 11 Eclipse TPS and Varian DHX having
EPID with specifications: amorphous Silicon (aSi) detector tech-
nology, a resolution of 512 × 384 pixels, maximum resolution of
1,024 × 768 with aSi active detector area of 30 × 40 cm2. In the
current project, after studying practised and dosimetrically
approved plans, we have selected DD 3% and DTA 3 mm passing
criteria for plans of 95% dose.25 In spite of concurrence, there are
different recommendations of DD/DTA passing criteria presented
by different groups. TG 119 proposed 3%/3 mm for 90% passing
criteria, and ESTRO recommended passing criteria for 95% dose
should have tolerance 4%/3 mm.26,27 In this project, confidence
interval (CI), lower confidence limit (LCL) and upper confidence
limit (UCL) in terms of count units (CU) for DD are also
calculated.28

Figure 1. VMAT plane delivery portal. Abbreviations: VMAT, volumetric modulated arc therapy.
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Results

In TPS, gamma evaluation software automatically generates the
values of area gamma <1, area gamma > 0·8, area gamma >1·2,
average gamma values and the values of maximum gamma. The
last two aforementioned parameters, average γ and maximum γ

that are 99th percentile of gamma distribution for 2D gamma
evaluations are compared with EPID.

We selected the limits for maximum and average γ values to be
3·50 and 0·5, respectively. These limits set by our institution were
strictly obeyed. Additionally, the minimum deviation will appeal

Figure 2. Dose volume histogram.

Figure 3. 7 Field VMAT treatment plan. Abbreviations: VMAT, volumetric modulated arc therapy.
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the further amendments in the plan before acceptance. Table 1
represents the mean values and SD for 15 RapidArc cases. In this
research, maximum and average gamma values were 2·53 ± 0·409
and 0·195 ± 0·059, respectively, for 3%/3 mm passing criteria.
These values show very small deviation and indicate the smaller
difference between both predicted and portal doses. Another fea-
ture of EPID software is to delineate dose map in the form of graph.

Portal dosimetry shows pictorially the dose distribution for
both predicted and portal doses by two sets of lines along X axes
and Y axes as shown in Figure 4. Perfection in dose delivery spares

the OARs for each critical site of cancer treatment by
radiotherapy.29

Figure 5 shows the graphical comparison of maximum count
units for each case between portal dose and predicted dose, and
no large mismatching of the two lines is seen.

When area gamma changes from > 0·8 to > 1·2, it is seen that
the SD increases 5·4% and standard error of mean increases 4·67%.
In Figure 6, it is seen that when the range of area gamma increases,
DD values decrease, and SD and standard error of mean indicating
precision of dose distribution decrease.

Table 2 shows the mean γ pass rate 98·05% ± 1·34. For the
verification of RapidArc plans, UCL and LCL with CI on the basis
of normal distribution of GI and DD are discussed. CI has been
calculated using the relation

X � Z s
ffiffiffi

n
p

X is the mean value; we set the confidence level value of 95%,
according to the statistical chart, Z= 1·960. S and n represent SD
and number of cases for each calculation, respectively. Our obser-
vation shows 98·046, 95% CI [97·4, 98·7] with margin of error:
0·678 for γ criteria 3%/3 mm. The same test is applied for DD
values and found 2·11, 95% CI [1·67, 2·55] with the margin of error
to be 0·44.

Figure 4. Dose distribution along X and Y axes
in comparison.

Table 1. Statistical values for maximum gamma and average gamma

Cervix Maximum gamma Average gamma

Mean value 2·53 0·195

SD 0·490 0·059

Table 2. Dose values for 95% confidence values

Cervix γ Criteria 3%/3 mm DD in CU

Mean value 98·046 2·11

SD 1·34 0·86

LCL 97·37 1·67

UCL 98·72 2·55

CI ±0·68 ±0·44

Abbreviations: DD, dose difference; CI, confidence interval; LCL, lower confidence limit; UCL,
upper confidence limit.
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Figure 5. Comparison of maximum count units in predicted and portal doses.
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Discussion

In routine QA, portal dosimetry provides a good way to improve
radiation therapy treatment. In spite of its frequent use, there are
no clear trends in agreement between portal dose and measured
dose. We have selected 15 plans of RapidArc radiation treatment
technique and evaluated two scalar parameters: maximum gamma
and average gamma. Their values in this work were 2·53 ± 0·409
and 0·195 ± 0·059, respectively, for 3%/3 mm passing criteria.
These values show very small deviation and indicate the smaller
difference between both predicted and portal doses as shown in
Table 1. From Table 2, we can see that these RapidArc treatment
plans on the average 98·05% of the pixels passed the criteria of
3%/3 mm with SD of 1·34. Then these data values were used to
set clinical action based on the mean and SDs set by the institute.
It is found that agreement between measured dose and PDP was
improved by recalculating the fields at lower dose rates.30 Figure 5
illustrates the difference of maximum CU of predicted and portal
doses, and it is clear in only one case in whichmore than 450 CUwere
used. Two cases containmore than 400 CU and all the other had used
lower values. In Figure 6, it is seen that the range of area gamma when
increases, SD and standard error of mean increases that indicates pre-
cision of dose distribution decreases. Thesemethods of verification are
only applicable in routinely practised field sizes; field sizes greater than
30 × 30 cm2 cannot be verified by using these techniques. By applying
these methods of treatment plan verification, the routine clinical prac-
tice can be improved for cervical cancer.

Conclusion

Having uncompromised target coverage in short delivery time,
RapidArc treatment technique has proved as an enhanced tech-
nique for sparing healthy tissues and OARs. The present results
provide the need of reasonable and achievable standard for
RapidArc treatment planning QA. On the basis of these results,
we can conclude that EPID is a useful tool as QA device for stand-
ardising and evaluating RapidArc-based treatment plans in the
routine clinical practice, especially for cervical cancer.

Acknowledgements.The authors are thankful to the Department of Radiation
Oncology, Shaukat Khanum Memorial Cancer Hospital & Research Center,
Lahore, Pakistan.

References

1. Podgorsak E B. Radiation Oncology Physics. Vienna: International Atomic
Energy Agency, 2005: 123–271.

2. Fogliata A, Clivio A, Fenoglietto P et al. Quality assurance of RapidArc
in clinical practice using portal dosimetry. Br J Radiol 2011; 84 (1002):
534–545.

3. Otto K. Volumetric modulated arc therapy: IMRT in a single gantry arc.
Med Phys 2008; 35 (1): 310–317.

4. Roxby K J, Crosbie J C. Pre-treatment verification of intensity modulated
radiation therapy plans using a commercial electronic portal dosimetry
system. Australas Phys Eng Sci Med 2010; 33 (1): 51–57.

5. Zulkafal H, Khan M, Ahmad M, Akram M, Buzdar S, Iqbal K. Volumetric
modulated arc therapy treatment planning assessment for low-risk prostate
cancer in radiotherapy. Clin Cancer Investig J 2017; 6 (4): 179–183.

6. Mohan R, Wu Q, Manning M, Schmidt-Ullrich R. Radiobiological consid-
erations in the design of fractionation strategies for intensity-modulated
radiation therapy of head and neck cancers. Int J Radiat Oncol Biol
Phys 2000; 46 (3): 619–630.

7. Jin X, Yi J, Zhou Y, YanH, Han C, Xie C. Comparison of whole-field simul-
taneous integrated boost VMAT and IMRT in the treatment of nasopha-
ryngeal cancer. Med Dosim 2013; 38 (4): 418–423.

8. Stieler F, Wolff D, Schmid H, Welzel G, Wenz F, Lohr F. A comparison
of several modulated radiotherapy techniques for head and neck cancer
and dosimetric validation of VMAT. Radiother Oncol 2011; 101 (3):
388–393.

9. Guckenberger M, Richter A, Krieger T, Wilbert J, Baier K, Flentje M.
Is a single arc sufficient in volumetric-modulated arc therapy (VMAT)
for complex-shaped target volumes? Radiother Oncol 2009; 93 (2): 259–265.

10. Jemal A, Bray F, Center M M, Ferlay J, Ward E, Forman D. Global cancer
statistics. CA Cancer J Clin 2011; 61 (2): 69–90.

11. Vieira S C, Dirkx M L, Heijmen B J, de Boer H C. SIFT: a method to verify
the IMRT fluence delivered during patient treatment using an electronic
portal imaging device. Int J Radiat Oncol Biol Phys 2004; 60 (3): 981–993.

12. Sharma D S, Mhatre V, HeigrujamM, Talapatra K, Mallik S. Portal dosim-
etry for pretreatment verification of IMRT plan: a comparison with 2D ion
chamber array. J Appl Clin Med Phys 2010; 11 (4): 238–248.

13. Low D A, Moran J M, Dempsey J F, Dong L, Oldham M. Dosimetry tools
and techniques for IMRT. Med Phys 2011; 38 (3): 1313–1338.

14. Nichita E. A study of IMRT pre-treatment dose verification using a-Si elec-
tronic portal imaging devices (Doctoral Dissertation), 2013. Hamilton,
Ontario: McMaster University.

15. Merheb C, Chevillard C, Ksouri W, Fawzi M, Bollet M, Toledano A.
Comparison between two different algorithms used for pretreatment QA
via aSi portal images. J Appl Clin Med Phys 2015; 16 (3): 141–153.

16. Iqbal K, Gillin M, Summers P A, Dhanesar S, Gifford K A, Buzdar S A.
Quality assurance evaluation of spot scanning beam proton therapy with
an anthropomorphic prostate phantom. Br J Radiol 2013; 86 (1031):
20130390.

17. Nalbant N, Kesen D, Hatice B. Pre-treatment dose verification of IMRT
using Gafchromic EBT3 film and 2D array. J Nucl Med Radiat Ther
2014; 5 (182): 2.

18. Depuydt T, Van Esch A, Huyskens D P. A quantitative evaluation of IMRT
dose distributions: refinement and clinical assessment of the gamma evalu-
ation. Radiother Oncol 2002; 62 (3): 309–319.

19. Low DA, Mutic S, Dempsey J F et al. Quantitative dosimetric verification
of an IMRT planning and delivery system. Radiother Oncol 1998; 49 (3):
305–316.

20. Van Esch A, Depuydt T, Huyskens D P. The use of an aSi-based EPID for
routine absolute dosimetric pre-treatment verification of dynamic IMRT
fields. Radiother Oncol 2004; 71 (2): 223–234.

21. Son J, Baek T, Lee B et al. A comparison of the quality assurance of four
dosimetric tools for intensity modulated radiation therapy. Radiother
Oncol 2015; 49 (3): 307–313.

22. Low D A, HarmsW B, Mutic S, Purdy J A. A technique for the quantitative
evaluation of dose distributions. Med Phys 1998; 25 (5): 656–661.

23. Caivano R, Califano G, Fiorentino A et al. Clinically relevant quality
assurance for intensity modulated radiotherapy plans: gamma maps
and DVH-based evaluation. Cancer Invest 2014; 32 (3): 85–91.

24. Jia M X, Zhang X, Yin C et al. Peripheral dose measurements in cervical
cancer radiotherapy: a comparison of volumetric modulated arc therapy
and step-and-shoot IMRT techniques. Radiat Oncol 2014; 9 (1): 61.

Area Gamma > 0.8

Area Gamma > 1.2

1 2 3 4 5 6 7 8 9

Patient No.

P
er

ce
nt

ag
e 

D
os

e 
V

al
ue

0

0.5

1

1.5

2

2.5

3

3.5

10 11 12 13 14 15

Figure 6. Comparison of two values of gamma area.

Journal of Radiotherapy in Practice 143

https://doi.org/10.1017/S1460396919000542 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396919000542


25. Iqbal K, Isa M, Buzdar S A, Gifford K A, Afzal M. Treatment planning
evaluation of sliding window and multiple static segments technique
in intensity modulated radiotherapy. Rep Pract Oncol Radiother 2013;
18 (2): 101–106.

26. Ezzell G A, Burmeister J W, Dogan N et al. IMRT commissioning: multiple
institution planning and dosimetry comparisons, a report from AAPM
Task Group 119. Med Phys 2009; 36 (11): 5359–5373.

27. Alber M, De Wagter M, Eichwurzel I et al. ESTRO Booklet No. 9:
Guidelines for the Verification of IMRT. Brussels: ESTRO, 2008.

28. Yusen R D, Edwards L B, Kucheryavaya A Y et al. The Registry of the
International Society forHeart and Lung Transplantation: thirty-second offi-
cial adult lung and heart-lung transplantation report—2015; focus theme:
early graft failure. J Heart Lung Transplant 2015; 34 (10): 1264–1277.

29. Zulkafal H M, Iqbal M M, Akhtar MW, Iqbal K, Khan M A. Evaluation of
three dimensional conformal radiation therapy of oesophageal cancer: a
dosimetric study. J Radiother Pract 2018; 1–5.

30. Howell RM, Smith I P, Jarrio C S. Establishing action levels for EPID‐based
QA for IMRT. J Appl Clin Med Phys 2008; 9 (3): 16–25.

144 Hafiz Muhibb ullah Zulkafal et al.

https://doi.org/10.1017/S1460396919000542 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396919000542

	RapidArc treatment planning quality assurance using electronic portal imaging device for cervical cancer
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References


