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Abstract
Performing radiotherapy of cervical 

cancer by combined external radiotherapy 
and brachytherapy includes several stages. 
Inaccuracy of each stage may cause insufficient 
dose delivery and produce complications in 
neighboring radiosensitive organs. In this study 
a technique was developed in order to assure 
the quality of treatment delivery. 

Method: 
A solid pelvic phantom was designed 

and fabricated for simulation of the entire 
radiotherapy procedure of the cervical cancer. 
Treatment planning for external radiotherapy 
was accomplished using computed 
tomography images and for intracavitary 
brachytherapy using orthogonal radiographs. 
Dose measurements were performed with an 
intracavitary ionization chamber. External 
radiotherapy was done using linear accelerator. 
The Nucletron Selectron low dose rate (LDR) 
machine was used for brachytherapy. For both 
modalities, the software calculated dose values 

were compared to the values measured in the 
pelvic phantom. 

Results: 
The calculated data obtained from the 

treatment planning system was consistent with 
the measured data. The comparison between 
measurements and calculations showed a 
maximum variation of ±2 % for external 
radiation therapy and ±3.6 % for brachytherapy. 

Conclusion: 
The phantom and the procedure developed 

in this study successfully provided a tool for 
comprehensive evaluation of each step in 
the chain of radiation therapy under the same 
conditions found in actual treatment. This 
method can be used to verify the accuracy 
and reproducibility of this treatment in any 
department and also during commissioning of 
the treatment planning systems.
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brachytherapy, phantom

Introduction
According to World Health Organization 2010 

report, cervical cancer is the second most common 
cancer among women in world.(1) Radiation 
therapy, through a combination of external 
radiotherapy and intracavitary brachytherapy, is 
the standard treatment of most stages of cervix 
and endometrial cancer.(2) A radiotherapy protocol 

for both modalities, external radiotherapy or 
intracavitary brachytherapy includes several 
stages of simulations and image acquisitions, 
treatment planning and dose calculations and 
the treatment delivery.(3, 4) The accuracy of 
dose delivery is influenced by uncertainties in 
any of the above stages. Because of the non-
homogeneous dose distribution, especially in 
brachytherapy, accurate dose delivery is very 
important. In accordance to the recommendations 
of Report 38 of International Commission of 
Radiation Units and Measurement (ICRU)(5), 
the accuracy of dose delivery in brachytherapy 
of cervix should be evaluated by comparing 
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doses actually delivered to organs at risk to those 
established in the treatment plan.

The importance of developing quality 
assurance and quality control programs for 
radiotherapy protocols has long been recognized.
(6, 7) These programs are used to study the variations 
of the absorbed dose measurement in reference 
irradiation conditions in a phantom. Another 
application of such programs is to investigate the 
agreement between relative dose distributions 
derived by treatment planning systems and the 
absorbed dose values measured at specific points 
within these plans.(7-9) Several studies have 
reported designing and manufacturing and/or 
commissioning prostate phantoms for multicenter 
radiotherapy dosimetric intercomparison.(10-12) 
These studies have evaluated the performance 
of a prostate cancer treatment chain from image 
acquisition in simulation stage to treatment 
planning calculations and treatment delivery by 
testing the accuracy of both the geometric and 
dosimetric aspects of the radiotherapy chain. The 
accuracy of image acquisition transfer and image 
manipulation stages is validated by establishing 
an agreement between the phantom and planned 
geometry confirmed. 

Although there was a good depth of information 
regarding evaluation of prostate cancer treatment; 
searching the literature did not result in much 
similar reports for cervical cancer treatment. 
Alecu et al. (13) carried out a measurement using 
a diode detector in a commercial pelvis phantom 
by applying a Fletcher Suit Delclos applicator 
then the measured results compared to that of the 
calculated dose. However, because their phantom 
had no system for exact control in a three-
dimensional space, it was impractical to perform 
an accurate dose analysis at the reference point. 
There are other studies that evaluated the accuracy 
of dose delivery in brachytherapy of cervix by in 
vivo measurements of dose delivered to sensitive 
organs of individual patients.(14-16) Huh et al. (14) 
performed a measurement at rectal reference 
point R1 using a diode detector in four patients 
who used a tandem and ovoid in brachytherapy 
of the cervical cancer. After reproducing the 
same conditions as found in actual therapy using 
a multi-function applicator (MFA) in the multi-

purpose brachytherapy phantom, the dose was 
measured at reference points in the rectum using a 
thermoluminescence dosimeter (TLD). Schultka 
et al.(15) presented the results of dosimetry using 
EPR/ALANINE, performed on 12 patients 
treated for gynecological cancers. Waldhäusl et 
al.(16), had measured the dose in the rectum in 
55 brachytherapy procedures in patients with 
cervical cancer by using the diode detectors. 
The reported discrepancies between planned 
and measured doses show that it is necessary 
to assess the treatment chain for radiotherapy 
of cervical cancer in order to verify a patient’s 
treatment plan for accuracy and reproducibility 
before commencing the treatment. For such 
verifications, it has been recommended to utilize 
specifically designed phantoms. 

The aim of this research was to develop 
a procedure for evaluation of the combined 
external and brachy radiation treatment chain 
of cervical cancer. Inaccuracy of the different 
stages from image acquisition in simulation 
stage to treatment planning calculations and 
treatment delivery were separately evaluated 
for the external radiotherapy and intracavitary 
brachytherapy. The processes used for these 
assessments were performed by a female pelvic 
phantom. 

Materials and Methods

Phantom description
An anthropomorphic solid female pelvic 

phantom was designed and fabricated using 
computed tomography (CT) images obtained 
from a median-sized patient study in supine 
position. The external and internal outlines were 
delineated by a radiation oncologist and were 
exported to a computer aided design (CAD) 
system. Real sized contours were transferred 
on 10 mm thick acrylic slabs. Contours of the 
following organs were machined in individual 
slices: cervix, bladder, rectum, boney pelvis, left 
and right femurs, and vertebrae. The external and 
internal contours where then smoothed between 
slices to remove the sharp transitions between 
slices. Contours of bony organs were filled with 
bone equivalent material (Figure 1). The bone 
equivalent material was made using a proper 
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mixture of gypsum and acrylic powder. The CT 
numbers from patient images were used to adjust 
the composition of bone equivalent material. 
Foley catheter and a rectal tube were used as 
markers for bladder and rectum during image 
acquisitions. Cylindrical holes were machined 
in the phantom for dosimetry applications using 
ionization chambers and/or diodes embedded in 
cylindrical inserts. Solid cylindrical inserts were 
used to fill dosimetry cavities during imaging 
acquisitions.

using a Foley catheter balloon filled with 7cc 
of contrast agent. The applicators (Tandem and 
ovoids) were fixed in the cervix and vagina 
openings. In order to simulate the radioactive 
source positions, dummy sources were inserted 
in the applicators. The isocenter and the PTV of 
the phantom could be clearly visualized on the 
two orthogonal images. The radio opacity of 
pelvic bone, bladder and rectum fillings allowed 
treatment set-up evaluation. The isocenter was 
set at the center of the applicator. 

Treatment planning:
Treatment planning for external radiotherapy 

was accomplished using phantom CT images 
and a treatment planning system (TPS) (PLATO, 
Nucletron, Netherlands). Anterior/posterior 
treatment plans were calculated using the TPS 
with per fraction dose prescriptions of 100 cGy. 
The dose delivered to isocenter point for an AP/
PA treatment was calculated using physical beam 
specifications and beam calibration factor. 

Treatment planning for intracavitary treatment 
was performed using phantom’s orthogonal 
radiographs and the Plato brachy TPS (BPS 
v13.2, Nucletron, Netherlands). In BPS, dose 
calculations were performed by treating the 
active pellets as point sources and by summing, 
at the point of interest, the contributions of the 
individual sources. The following data were 
provided for calculations: Activity of cesium 
sources; Anatomic reference points (bladder 
and rectum), geometrical points of applicators; 
preselected sequence of active (Cs-137 sources) 
and inactive (dummy) pellets and prescribed 
dose to point A (2 cm away from both the anterior 
and lateral side of the cervical canal). Then, dose 
values calculated by BPS at the following points 
were recorded: reference points of bladder (B) 
and rectum (R1, R, R2, R3). 

Treatment delivery and dose measurement 
The planned treatment was then delivered to 

the phantom on a Neptun 10PC (Zdij, Poland) 
linear accelerator using 9 MV photons and ion 
chamber readings were recorded. Measurements 
were performed using an intracavitary ionization 
chamber (PTW 23323, Freiburg- Germany), 
located at the isocenter. The outer diameter of 

Figure 1: A photograph of the solid pelvic phantom 
was designed and fabricated for this study.

Simulation and image acquisitions of external 
and intracavitary treatments:

The machined parts and cavities which filled 
with contrast medium were visible on the portal 
images and therefore used to define the planned 
target volume (PTV) and organs at risk (OAR) for 
image acquisition purposes. These images were 
compared to the planning images, in the form of 
simulator films. For simulation of the external 
radiotherapy, the phantom was placed on the 
treatment couch with the isocenter located at the 
center of pelvis. The upper margin of the field 
was set between L5-S1 and the lower margin of 
the field was in the middle of obturator foramen. 
Using a 2-cm margin lateral to the bony pelvis, 
the field was set as a 15 × 15 cm2 square at the 
surface and 16.6 × 16.6 cm2 in the isocenter.

Intracavitary treatment simulation was done 
by taking two orthogonal (AP and lateral) 
radiographic images of the phantom. For 
visualization of the rectum a rectal tube filled 
with barium sulfate emulsion was inserted. 
The reference point for the bladder was defined 
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the chamber is 7 mm and its nominal sensitive 
volume is 0.1 cm3. Dosimeters were calibrated 
under reference conditions according to the 
International Atomic Energy Agency (IAEA) 
TRS 398 protocol.(17) 

The Selectron unit (Nucletron, Netherlands) 
low dose rate remote afterloading unit was 
used for intracavitary treatment delivery. This 
unit is used for the treatment of gynecological 
malignancies, delivering the prescribed dose 
via a preselected sequence of active (Cs-137 
sources) and inactive (stainless steel spacers) 
pellets loaded into applicator sets, usually made 
of stainless steel. The pellets are 2.5 mm diameter 
and the Cs-137 sources are encapsulated in 
0.5 mm stainless steel material with a 1.5 mm 
diameter active core of borosilicate glass. For 
this study, the Fletcher Suit applicator (without 
shielding) set was used. Phantom was placed 
in the treatment position and the applicator set 
including one tandem and two ovoids was placed 
inside the uterine cavity and the vaginal fornix 
respectively. The phantom was irradiated five 
times using the calculated treatment time, while 
the ionization chamber was placed in one of the 
five reference points B, R, R1, R2 and R3.  The 
measurements were performed five times for 
each of above mentioned points. 

The IAEA TRS-398 formalism was used for 
the dose measurements(17): 

Where Dacr is dose measured in acrylic, M is 
uncorrected reading (nC/MU), PTP is temperature 
and pressure correction factor, ND/W is dose to 
water chamber calibration factor, KQ is chamber 
energy correction factor and Pion is a correction 
factor for ion recombination losses. 

Finally, the measured dose, at each reference 
point in the phantom, was converted to equivalent 
dose in soft tissue. Equation 2 was used to 
convert dose measured in acrylic (Dacr) to dose 
in soft tissue (Dst):

Where    is the ratio of mass absorption 
coefficients of soft tissue and acrylic, TAR (F,d) 
is tissue-air ratio at the depth d in soft tissue for 
the field size F and Fc is the scaled field size. 
Depth was corrected for density difference using 
a scaling factor (SF) given by ratio of average 
attenuation factors for soft tissue to acrylic. C 
is the ratio of electron density of acrylic to soft 
tissue.(18)

Results
Table 1 shows the calculated and measured 

dose values at the isocenter in phantom and 
their equivalent in soft tissue for the external 
radiotherapy.

Table 2 shows the measured dose rate values 

Table 1: Comparison of the calculated and measured 
dose values at the isocenter for the AP/PA external 
beam radiotherapy.

Table 2: Results of comparison between the calculated, 
measured dose values in phantom and their equivalent 
in soft tissue for intracavitary brachytherapy.

in phantom and their equivalent in tissue for 
reference points of bladder (B) and rectum  
(R1, R, R2, R3). 

Discussion
According to the recommendations of the 

Report 38 of ICRU(5), the accuracy of dose 
delivery in brachytherapy of cervix should 
be evaluated by comparing doses actually 
delivered to organs at risk to those established 
in the treatment plan. In this study a method 
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was developed in order to assess the accuracy 
of both the geometric and dosimetric aspects 
of the combined external and brachy radiation 
treatment chain for cervix. The calculated doses 
obtained from the treatment planning system 
were consistent with the measured data for both 
absolute dose and relative dose distributions.

In Table 1, there was an agreement of 2% 
between calculation and measurement values at 
the isocenter in phantom and their equivalent in 
soft tissue for the external radiotherapy. Also, 
in the literature(19) the accuracy of treatment 
planning and treatment delivery stages was 
validated when the measured dose delivered was 
within 2% of the dose calculated by the planning 
computer for all of the selected measurement 
points. Results in Table 2 showed that the BPS 
calculated dose rate values corresponding to the 
reference points agreed with measured values 
with a 3.6% discrepancy. These results were 
close to the results reported by Alecu et al.(13) 
the measured and calculated values agreed to 
within 5%. In a similar study that performed by 
Huh et al.(14) the measured values in the multi-
purpose brachytherapy phantom were 0.2– 8.6% 
higher than the calculated values. However, 
high inaccuracies were reported in the patient 
studies such as Waldhäusl et al.(16) study, that 
higher discrepancy of -31% to +90% between 
the measured and calculated data was reported. 
Also in Schultka et al.(15) study, the measured 
doses showed a deviation ranging from -23 to 
+14% compared to the planned doses, calculated 
with a treatment planning system. These high 

inaccuracies reported in the patient studies 
were attributed to uncertainties involved in the 
determination of the detector position inside the 
patient’s body and to uncontrolled changes in 
the detector position during the clinical settings. 
While the high uncertainties associated with the 
patient motion and positioning of the detectors 
were eliminated in the current study by using 
the pelvic phantom instead of the patient. 
The transparency and consistency of the solid 
phantom was efficient for accurate positioning 
and fixing the detector during the measurements. 
For this purpose, measurements and calculations 
of dose rate instead of total dose were adequate 
and sufficient. Analysis of the dose rate was 
also utilized in the other studies.(20, 21) Therefore 
by utilizing this phantom, different stages of 
radiotherapy protocol of the cervical cancer were 
assessed without the mentioned uncertainties. 

Conclusion
In conclusion, the proposed method allowed 

the verification of different stages of the combined 
external and brachy radiation treatment chain of 
cervical cancer. The planned phantom proved to 
be a useful tool in the assessment of the treatment 
chain. The method developed in this study can be 
used to verify the accuracy and reproducibility 
of this treatment in any department and also 
during commissioning of the treatment planning 
systems.
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