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INTRODUCTION

ABSTRACT

INTRODUCTION: This retrospective study aims to evaluate the doses of organs at risk
(OARs) calculated by conventional two-dimensional (2-D) and three-dimensional (3-D)
treatment planning techniques in hybrid high dose rate (HDR) brachytherapy for cervical
cancer. MATERIALS AND METHODS: Data of five patients treated with combination of
intracavitary and interstitial brachytherapy were used. For each implant, computed
tomography (CT) images were obtained, and the clinical target volume and OARs were
contoured on CT images. In 3-D planning, the volumes of OARs were derived from dose
-volume histogram (DVH) on a dose volume of 2 cc for bladder, rectum, and sigmoid.
The OARs defined in replanning for 2-D treatment were the ICRU-38 bladder (bICRU)
and rectum (rfICRU) points. Paired T-tests were used to analyse the radiation doses of
bladder and rectum obtained from both techniques. RESULTS: The mean point doses
evaluated via bICRU) and rICRU were 89.34 GyEQD2 and 75.92 GyEQD?2, respectively.
Meanwhile, the mean volumetric doses of Dy for bladder and rectum were 80.50
GyEQD?2 and 69.08 GyEQD?2, respectively. There is a significant difference in mean
doses of ICRU point and Dy volume for bladder (p<0.05). However, there is no
of ICRU point and Do
(p>0.05). Overall, ICRU point doses overestimated volumetric Do doses with a mean
dose ratio of 1.110 for bladder and 1.099 for rectum respectively. CONCLUSION: The
bICRU in 2-D planning could not represent the bladder 2 cc used in 3-D planning, thus

significant  difference in mean doses for rectum

resulting in different total dose; whereas tfICRU of 2-D planning was discovered to be

similar with rectum 2 cc of 3-D planning and deemed reliable in total dose estimation

Cervical cancer is the fourth most frequently diagnosed
cancer in female and fourth leading cause of cancer death
in women wotldwide, with an estimated 570,000 new
cases and 311,000 deaths in 2018 from Global Cancer
Incidence, Mortality and Prevalence (GLOBOCAN).!

The Malaysian National Cancer Registry Report (2007—
2011) reported that breast cancer (32.1%), colorectal
(10.7%), cervix (7.7%), ovary (6.1%), and lung cancer
(5.6%) were the five most common cancers among

women.? In the newer version of Malaysian National
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Cancer Registry Report by Azizah et al. (2019), cancer of
cervix uteri (6.2%) remained as the third most common

cancer among Malaysian women from 2012 to 2016.

In addition to external beam radiation, brachytherapy is
often used as a primary treatment for cervical cancer.
It can be classified into two categories: interstitial and
intracavitary.* Traditionally, the two-dimensional (2-D)
treatment planning is based on 2-D orthogonal X-ray
imaging. The dose is prescribed to point A as the target
based on the Manchester method5, where the bladder and
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rectum doses are quantified using the bladder and rectal
reference points identified in Report No. 38 by the
International Commission on Radiation Units and

Measurement (ICRU).6

Presently, the three-dimensional (3-D) method uses dose-
volume histogram (DVH) to evaluate the radiation doses
calculated for organs. DVH provides the radiation dosage
information in 3-D dose distribution. This histogram
typically demonstrates the dosage of the total volume
on the ordinate axis and the dose on the abscissa as a
percentage.” The dose monitoring guidelines for 3-D
the
Groupe Européen de Curiethérapie-European Society
of Therapeutic Radiation Oncology (GEC-ESTRO)

group. On consecutive CT slices, the target and organs at

image-based  brachytherapy were issued by

risk are contoured.8

Several types of applicators have been used in the
treatment of cervical cancer. One example of the
applicator used is the Vienna applicator. It allows for the
combined interstitial and intracavitary
brachytherapy or hybrid brachytherapy (HBT). When the
applicator is placed within the patient body, the ring

technique

serves as a template for insertion of interstitial needles.
The needles the

tumour that receives inadequate doses via intracavitary

are inserted into the section of
brachytherapy. Because the short distance between the
ring and the target allowed for greater control of needle
positioning, an effective and reproducible insertion is
achieved by using tandem and ring applicators with

interstitial applicators,. ?

MATERIALS AND METHODS

SELECTION OF PATIENT’S DATA

In this retrospective study, the dataset used consisted of 3
plans for each five selected patients (three fractions petr
patient) undergoing external beam radiation therapy
(EBRT) CT-guided hybrid HDR
brachytherapy using Vienna applicator at the Advanced

accompanied by

Medical and Dental Institute, Universiti Sains Malaysia
(USM), from 2016 to 2019. For all five patients, the dose
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prescribed for 3-D planning was ranged 6-9.5 Gy per
fraction for a total of three fractions, which received
external beam radiotherapy (EBRT) of 1.8 Gy with 25
fractions to the whole pelvis before brachytherapy.1®
Patients with a history of hysterectomy, applied
brachytherapy treatment other than the three fractions,
and the use of only 2-D treatment planning were excluded
from this study. This study had been approved by the
Human Research Ethics Committee of USM (JEPeM-

USM) effective 5 March 2019 for a duration of 1 yeat.

3-D TREATMENT PLANNING

The 3-D treatment planning used DVH in the calculation
model of the Oncentra TPS (Nucletron B.V., Veenendaal,
The Netherlands), which then optimised the organ and
target radiation doses. The dose ranged from 6-9.5 Gy
per fraction had been prescribed for each patient at the
target volume. Clinical target volume (CTV), volume of
the bladder, rectum, and sigmoid colon were delineated
on CT images. '3 For OARs, according to GEC-ESTRO
guidelines, the hot spot dose was recorded in 2 cm3 (Do)
8 and dosed to 90% to a target (Dop). Therefore, for all
individual fractions, the dose was recorded for the
irradiated 2 cc volume of rectum and bladder. Radiation
doses at 2 cc bladder (bDa) and 2 cc rectum (tDac)
volumes were then analysed and compared with point
doses of bladder (bICRU) and rectal (tICRU) in 2D
planning. The rectum and bladder dosage must be
less than 80% of the recommended cervical dose,
according to American Brachytherapy Society (ABS)
recommendations. 714 For each HDR brachytherapy plan,
the conformal index (CI) was calculated using formula

from the previous study, as shown in Equation 1.1

Cl= CTVtarget/Vtotal (1)

where, CTVige 1s part of the high-risk clinical target
volume (HR-CTV) receiving at least the prescribed dose.
Vol 1s defined as the total volume receiving at least the

prescribed dose.

2-D TREATMENT PLANNING
The conventional 2-D treatment planning was carried out

as recalculation using Oncentra TPS (Nucletron B.V.,
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Veenendaal, The Netherlands) based on specific points
on the patient's CT images. At point A, all five patients
were given a dose of 6 to 9.5 Gy per fraction.
Point A has been specified for the ring applicator at 2
cm perpendicular from the intrauterine tandem and
2.4 cm from the vaginal source plane. By using the ICRU
38 recommendation guidelines, reference points were
introduced in the treatment plan to calculate ICRU
bladder and rectal reference doses. '! The lateral view of
the ICRU rectal point was 0.50 cm from the posterior
vaginal outline, while the ICRU bladder point was in the
same view at 0.15 cm from the outer bladder wall. 12 In
order to obtain the average value, two additional rectal
and bladder points were also inserted at the slice above

and below the soutce slice.

DOSIMETRIC ANALYSIS

The organ doses and mean doses for OARs (bladder and
rectum) were calculated and evaluated with the dose limits
recommended by ABS in total equi-effective dose
(EQD2) for 3-D or 2-D treatment planning techniques.
Sigmoid is only available in 3-D planning, hence, it is
excluded from dosimetric comparison in this study. An
EQD2 is used to determine the physical dose and number
of fractions for brachytherapy and EBRT for target,
OARs, and dose points. EQD2 is a total dose equivalent
in a fracton of 2 Gy, calculated using the Excel
spreadsheet of EQD2 recommended by ABS. The total
EQD2 was determined using the linear quadratic method
consisting of four steps: i) total EBRT EQD2; ii)
brachytherapy EQD2 for 1ii)
brachytherapy EQD2; and iv) accumulated total EBRT +
brachytherapy EQD2.

each fraction; total

Tumour or early-responsive tissue has the property of 10
Gy of irradiated tissue (o/B). In the case of late-
responsive healthy tissues or OARs (rectum and bladder),
the property of irradiated tissue (o/B) is 3 Gy. In adopting
ABS recommended spreadsheet, the EQD2 formula is
shown in Equation 2.

EQD2 =D {d + («/B)/2 Gy + («/B)} 2

where, D is total dose, d is dose per fraction, and («/B) is

property of the irradiated tissue. In cervical cancer, the
dose limit for bladder is 90 Gy EQD2; whereas for
rectum or sigmoid, it is 75 Gy EQD2.

Paired T-test was used as a parametric test to compare the
mean organ doses (EQD?2) of two OARs obtained from 2
-D and 3-D treatment plans. A p value of less than 0.05

indicated the difference of mean organ dose is significant.

RESULTS

The doses to OARs as ICRU bladder and rectum points
were recorded for 2-D treatment planning. The 2-D
evaluations consisted of two approaches, which were
ICRU bladder and rectum doses in Gy EQD2 and total
doses for ICRU bladder and rectum in Gy. In this study,
to fulfil the purpose for direct comparison with 3-D
treatment planning, only organ doses in Gy EQD2 as
tabulated in Table 1 will be evaluated. Table 1 shows the
comparison of total doses calculated for bladder and
rectum between ICRU point doses in 2-D planning and
Doce volumetric doses in 3-D planning.

Table 1: Comparison of bladder and rectum total doses by using EQD2 and
conformity index (CI) for 5 patients

EBRT + BT Bladder Dose (Gy Rectum Dose (Gy Conformity
EQD2) EQD2)
*Dose limit: < 90 Gy *Dose limit: < 75 Gy Index (CI)
EQD2 EQD2
bICRU bladder Dacc tfICRU rectum
Dacc
Patient 1 86.00 69.10 55.80 69.00 0.94
Patient 2 96.90 91.80 87.20 65.10 0.94
Patient 3 81.60 72.50 65.70 65.60 0.97
Patient 4 82.70 76.00 80.90 67.90 0.97
Patient 5 99.50 93.10 90.00 77.80 0.90
Maximum 99.50 93.10 90.00 77.80 0.97
Dose
Minimum 81.60 69.10 55.80 65.10 0.90
Dose
Mean Dose 89.34 80.50 75.92 69.08 0.94
(SD) (8.30) (11.19) (14.66) (5.13)
Mean Dose
Ratio
(ICRU Point
Dose/ 1.110 1.099
Volumetric
Dacc Dose)

In 3-D treatment planning, dose assessment is based on
Dace doses for OARs of bladder and rectum. Table 1
portrays the total doses (in Gy EQD2) bladder Dz, with
dose constraints at 90 Gy EQD2 as a reference dose.
Patient 2 and patient 5 received bladder doses that had

exceeded the dose constraints, but the overall mean
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bladder dosage for all patients was within the dose limits.
The dose limit for rectum was 75 Gy EQD2. As shown in
Table 1, rectum dose of patient no. 5 had exceeded the
limit with 77.80 Gy EQD2. Overall, the mean total doses

of rectum were still below the dose limits for all patients.

For recalculation in 2-D planning, again patient 2 and
patient 5 who received the bladder dose that had
exceeded the limit, but the overall mean bladder dose for
these patients was still within the limit, with a value of
89.34 Gy EQD2, as tabulated in Table 1. For rectum, the
doses of three out of five patients (patient 2, patient 4 and
patient 5) exceeded the limit and thus, the mean of total
rectum doses for the five patients reached 75.92 (14.66-)
Gy EQD2.

In this study, the mean dose ratio (ICRU point dose/
volumettic Dacc dose) was 1.110 and 1.099 for bladder and
rectum respectively. Table 1 also shows each individual
patient's conformity index (CI) for three fractions. The
maximum and minimum values for CI are 0.97 and 0.90,
respectively; and for all cases, the mean CI is 0.94. In this
study, lower values of CI could indicate more organ doses
exceeded dose limits. Overall, the mean ICRU point
doses of bladder and rectum were found higher than the
mean Dy dose, which acts as the mean volumetric doses
of these two OAR:s.

Paired T-test was used as a parametric test to compare the
mean organ doses of 2-D and 3-D treatment planning.
There was a significant difference between 2-D and 3-D
treatment planning for the bladder, but there was no
significant difference for the rectum, as the p-value for
the bladder was less than 0.05 (p = 0.014) and the p-value
for the rectum was more than 0.05 (p = 0.326). Summary
of doses to bladder and rectum are tabulated in Table 2
and Table 3 respectively.

Table 2: Summaty of doses to bladder calculated based on bladder D and
bICRU

Variables Mean (SD)
t statistics p-value
bladder D bICRU @
Organ dose
based on Dz~ 80.50 (11.19) 89.34 (8.30) -4.178 (4) 0.014
volume of
bladder and
bICRU
point
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Table 3: Summary of doses to rectum calculated based on rectum Dac and
rfICRU

Variables Mean (SD)
rectum Docc ICRU t statistics p-value
(df)
Organ dose based
on Do volume of 98 (5.13) (14.66) -1.120 (4) 0.326

rectum and rICRU
point

DISCUSSION

In the 3-D treatment planning, Table 1 indicated two
(40%) out of five patients had received a calculated
bladder dose surpassing the ABS recommendation. This is
because the size of the bladder is constantly changing
during the filling while the remaining volume can also
change during treatment. In this study, all patients had
undergone three fractions of the brachytherapy to
complete the treatment. However, the mean bladder dose
for Dacc was still below dose limit. One (20%) out of five
patients had exceeded the rectum dose limit for Do, but
the mean rectum dose for all patients remained below the
dose limit; the same result was also obtained by Tan ef a/.
(2010) and Wibowo and Haris (2017).7- 14 The rectum had
a high dose due to the separation of rectum that was
extremely close to the applicator, thus receiving higher
dose. According to a report by Zhang et al. (2014), the
nearer the separation between the organs and the source
in the applicator, the greater the dose of radiation
obtained by the organs. 17 Among the two OARs, the
bladder had a higher rate (40%) of patients with total dose
surpassing the recommended value, compared to the

rectum (20%) in 3-D treatment planning,.

In 2-D recalculation, the bladder and rectum ICRU points
do not represent the entire volume of the organs. The
total doses of ICRU bladder and rectum points in Gy
EQD?2 based on Table 1 showed that two (40%) and
three (60%) patients have had their bladder and rectum
the

explanation from a previous study is that in some cases,

doses exceeded limit respectively. A possible
the ICRU points may lie outside the bladder and rectum.
16 'The abovementioned finding could be attributable to
the use of an interstitial catheter in place of the ring and
tandem applicator or referred to as Vienna applicator. The

locations of ICRU points (bladder and rectum) may be
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too close to the interstitial catheters from which the
sources come, leading to increased dose of the organs.
However, the mean bladder dose of five patients is within
the dose limit. Meanwhile, the mean rectum dose
exceeded dose limit with a value of 75.92 Gy EQD2.

This study found that the Dac volumetric doses could be
overestimated by ICRU reference points for bladder and
rectum. There was a statistically significant difference in
total dose to the bladder when using bICRU and Do (p =
0.014; p < 0.05) (Table 2). The mean dose ratio (bICRU
point dose/volumetric bladder Dz dose) obtained is
1.110 (Table 1). Previous studies by Tan e a/. (2010) and
Chottaweesak ¢t al. (2014) concluded that dose of bICRU
was statistically significantly lower than bladder Dac. 12 14
In this study, the dose of bICRU was found higher but
did not accurately represent the dose to 2cc volume of
bladder, considering it was not a reliable parameter to be
used as a criterion in 3-D treatment planning. This is most
probably because when the bladder was filled with urine,
it was able to affect the radiation dose because it
expanded and pushed the applicator away from the
surrounding organs. Thus, the radiation dose of bladder

volume changed when the bladder is empty.”

Results in Table 3 revealed that ICRU and Dacc doses of
rectum were not significantly different (p = 0.326; p >
0.05). The mean dose ratio (tICRU point dose/volumetric
rectum Do dose) is 1.099 (Table 1). The findings showed
a similar pattern, according to Kirisits et a/ (2000) and
Koom et al. (2007), where rICRU overestimated rectum
Do, but the difference was not significant.!819 The
variation of rectal doses may be affected by some factors
such as the technique used to define ICRU rectum and
accuracy of organ contour. Therefore, tICRU can be used
to calculate the total rectum dose and interpreted as Dacc

in 3-D treatment planning.

A hybrid intracavitary-interstitial applicator was utilised
for this work, and previous reports have also shown that
this approach allows for an improvement in target
coverage, treatment volume, and total dose without
increasing the dose of organs at risk. 11. 18, 20. 21 Therefore,
the conformity index (CI) for all patients has a CI
approach value of 1, as demonstrated in Table 1. The

results of this study showed the target volume has an ideal
dose coverage or high uniformity of radiation dose.
Howevet, this study revealed that when the CI values were
slightly lower, more organ doses could exceed the dose
limits. In this study, a safety risk was revealed when two
patients exceeded the dose limits of bladder when bladder
dose was calculated using bICRU and Dz bladder, while
three patients exceeded rectum dose limit when rectum
dose was calculated using rICRU. If 3-D planning is not in
place, 2-D treatment planning may overestimate OAR
doses in hybrid HDR brachytherapy, necessitating further

care.

CONCLUSION

This study aimed to evaluate doses to organs at
risk  between two-dimensional and three-dimensional
treatment planning in hybrid HDR brachytherapy of
cervical cancer. The results of this study indicated that the
ICRU reference point doses for bladder (bICRU) and
rectum (fICRU) had overestimated D2 volume doses
with a mean dose ratio (bICRU dose/volumetric bladder
Do dose) of 1.110 for bladder and (fICRU dose/
volumetric rectum Dz dose) of 1.099 for rectum. For
bladder, the finding is statistically significant (p < 0.05);
while for rectum, there is no statistical significance (p >
0.05) when comparing both above mentioned treatment
planning techniques. In conclusion, bICRU cannot be
used to represent a 2 cc bladder in 3-D treatment planning
dosage calculations. In 3-D treatment planning for hybrid
HDR brachytherapy, instead of utilising the 2 cc rectum,
tICRU can be used to compute the total rectum dosage.
This study also found that 2-D treatment planning may
overestimate OAR doses in hybrid HDR brachytherapy,
demanding further care based on individual patient OAR

dosage evaluation.
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