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Abstract
Objectives: The objective of the study was to examine the dosimetry of intracavitary radiotherapy (ICRT) in carcinoma of the
cervix using cobalt-60 (Co-60) as source of ICRT, and as an alternative to iridium-192 (Ir-192).
Design: This was a retrospective study.
Subjects and setting: The study was on 80 ICRT patients attending the radiotherapy department at Maharana Bhupal
Government Hospital, Udaipur, India.
Outcome measures: The dosimetry of ICRT was studied retrospectively in 80 related applications. The dose to point A, 60 Gy
isodose reference volume, and bladder and rectum maximum and mean doses were defined.
Results: It was found that dosimetry with Co-60 as a brachytherapy source was consistent with the International Commission
on Radiation Units (ICRU 38) recommendations.
Conclusion: Co-60 is a logical alternative to Ir-192 in low socio-economic settings when repeated changing of the source is
not an option.
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Introduction

brachytherapy has become more popular than low-dose
rate brachytherapy because the patient can be treated as
an outpatient and does not need to be hospitalised and can
avoid the complications of prolonged immobilisation.6

Carcinoma of the cervix is the second most common
malignancy ion females in India. According to the Globcan
database,1 the incidence of this type of cancer in India was
123 000 in 2012, and accounts for one fifth of the global
burden of cervical cancer.1

The most common source of ICRT used worldwide is
iridium-192 (Ir-192), which has a half-life of 73.8 days, and has
to be replaced every 3-4 months. By comparison, the half-life
of cobalt-60 (Co-60)7 as a source of ICRT is 5.26 years, and
it is available in miniaturised form. Typically, with respect
to intervals for source replacements, there are 25 source
exchanges using Ir-192, compared to just a single one for Co60, resulting in reduced operating costs.8,9 It is very logistical
and economical in low-resource settings, like India, to use
Co-60 for HDR brachytherapy. Moreover Co-60 sources have
higher air kerma rate constants than other brachytherapy
sources.

Patients usually present at our institute in the advanced
stages of cancer because of lack of health awareness, poor
genital hygiene and lack of proper screening facilities.2
Multiple randomised trials performed in the past have
proved that external beam radiotherapy (EBRT), followed
by intracavitary radiotherapy (ICRT), constitutes the main
treatment for bulky stage IB2 and IIA to stage IVA cancer.3,4
ICRT is the cornerstone for increasing the control rate and
improving the survival rate because high doses of 80-85
Gy cannot be given by EBRT alone.5,6 High-dose rate (HDR)
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At our centre, we use an Eikert and Zeigler® HDR remote
afterloading HDR brachytherapy Co-60 radionuclide
source, together with the Bebig® HDR plus 2.5 treatment
planning system.

than 80% of the prescribed dose to point A (ICRU), and in
41 of the 80 applications (51.25%), the Bmax was less than
60%.
• Average bladder dose (Baverage): The mean of the Baverage
in this study was 2.29 Gy, and it ranged from 0.93-4.45
Gy (Table IV). In 77 of the 80 applications (96.25%), the
Baverage was less than 4 Gy, and in 31 of the 80 applications
(38.75%), the Baverage was less than 2 Gy.
• Maximum rectal dose (Rmax): The mean of the Rmax in this
study was 3.76 Gy, and it ranged from 1.53-5.45 Gy (Table
V). In 65 of the 80 applications (81.25%), the Rmax was less
than 80% of the prescribed dose to point A (ICRU), and
in 36 of the 80 applications (45%), the Rmax was less than
60%.
• Average rectal dose (Raverage): The mean of the Raverage in this
study was 3.30 Gy, and it ranged from 1.26-4.78 Gy. In 63
of the 80 applications (78.75%), the Raverage was less than 4
Gy, and in five of the 80 applications (6.25%), the Raverage
was less than 2 Gy (Table VI).

Method
This study was conducted retrospectively on 80 applications
for ICRT in patients with histologically proven carcinoma
of the cervix attending the radiotherapy department at
Maharana Bhupal Government Hospital, Udaipur, India, with
stage I-IIIB cancer, from June 2012 to June 2013.
Patients received an EBRT dose of 45-50 Gy in 25 fractions, at
180-200 cGy per fraction, five days a week. ICRT was started
one week after completion of the EBRT using a FletcherSuit® applicator. A total of four sessions, using 6 Gy each,
were delivered 72 hours apart under general anesthesia.
A Foley catheter was inserted into the urinary bladder and
the balloon inflated with 7 ml of diluted urograffin dye
[according to the International Commission on Radiation
Units (ICRU 38) recommendations].10 After the insertion
of an appropriate applicator, the vagina was packed with
gauze to further displace the bladder anteriorly and the
rectum posteriorly. An additional rectal marker was placed
in the rectum to identify the ICRU rectal points. Treatment
planning was carried out using the Bebig® HDR plus 2.5
treatment planning system. Dose prescription was specified
to point “A”. Multiple points consistent with the ICRU 38
recommendations were located and used for treatment
planning and dose optimisation to point A, point B, and the
bladder and the rectum.11-14

Table I: The dose distribution at point A
Dose (Gy) at point A

11

5.4-6.0

36

6.0-6.6

30

> 6.6

3

Table II: Standard deviation in the 60 Gy isodose reference volume
Standard
deviation
interval

Results
The results were as follows:
• Dose to point A1: In all 80 applications, the mean dose to
point A1 was 5.80, and the range was from 4.91-6.92 Gy.
In 66 applications, the dose received to point A1 was the
dose within 1 standard deviation (SD) of the mean dose,
i.e. 5.41-6.19 Gy, and in 67 applications, it was within ±
10% of the prescribed target dose (5.4-6.6 Gy) (Table I).
• Dose to point A2: In all 80 applications, the mean dose to
point A2 was 5.806, and the range was from 4.77-6.76
Gy. In 55 applications, the dose received to point A2 was
within 1 SD of the mean dose, i.e. 5.54-6.28 Gy, and in 67
applications, it was within ± 10% of the prescribed dose
(5.4-6.6 Gy).
• Volume covered by 60 Gy (V60Gy): In all 80 applications,
the mean of the V60Gy was 290.5 cm3, and the range was
125-476 cm3 (Table II). In 50 applications, the V60Gy was
from 213.6-367.4 cm3 (within 1 SD of the mean volume).
• Maximum bladder dose (Bmax): The mean of the Bmax in this
study was 3.55 Gy, and it ranged from 1.27-6.88 Gy (Table
III). In 63 of the 80 applications (78.85%), the Bmax was less
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Number of applications

< 5.4

60 Gy isodose
reference
volume (cm3) (range)

Number of
applications

Mean (2 SD)

136.7-290.5

29

Mean (1 SD)

213.6-290.5

12

Mean (+1 SD)

290.5-367.4

38

Mean (+ 2 SD

290.5-444.3

48

SD: standard deviation

Table III: Distribution of the maximum bladder dose
Range of the maximum
bladder dose (Gy)

Number of applications

< 3.6

41

3.6-4.8

22

> 4.8

17

Table IV: Distribution of the mean bladder dose
Range of the average bladder
dose (Gy)
0-2

31

2-4

46

4-6

61

Number of applications
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Table V: Distribution of the maximum rectal dose
Range of the maximum rectal
dose (Gy)

60 Gy dose
volume (cm3)
Mean = 290.5
SD = 76.903
n = 80

Number of applications

< 3.6

36

3.6-4.8

29

> 4.8

15

Table VI: Distribution of the mean rectal dose
Range of the average rectum
dose (Gy)

Number of applications

0-2

5

2-4

58

4-6

17

Figure 3: Distribution of the 60 Gy isodose reference volume

Target dose A1
Mean = 5.81
SD = 0.399
n = 80

Bmax: maximum bladder dose, Bmean: minimum bladder dose

Figure 4: Maximum bladder dose and mean bladder dose distribution

SD: standard deviation

Figure 1: Dose distribution at point A1

Target dose A2
Mean = 5.86
SD = 0.426
n = 80

Rmax: maximum rectal dose, Rmean: mean rectal dose

Figure 5: Maximum rectal dose and mean rectal dose distribution

Discussion
Bahreyni Toossi et al14 of Iran conducted a retrospective
analysis of the rectal and bladder dose in 40 gynaecological
brachytherapy treatments in 28 patients using the GZP6®
HDR afterloading brachytherapy unit. The average of the
Rmax and Bmax values was found to be 7.62 Gy (a range of 1.7218.55 Gy), and 5.17 Gy (a range of 0.72-15.85 Gy), respectively,
while in our study, the average of the Rmax and Bmax dose
values was found to be 3.76 Gy (a range of 1.53-5.45 Gy), and
3.55 Gy (a range of 1.27-6.88 Gy), respectively.

SD: standard deviation

Figure 2: Dose distribution at point A2
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Datta12 reported that the mean bladder and rectum dose
were 4.01 Gy and 4.12 Gy, respectively. Similarly, Jamema
et al11 reported that the mean dose to the rectal points was
5.16 Gy, and to the bladder 7.12 Gy. However, in our study,
the average calculated dose of the bladder and rectum was
2.29 Gy (41% to point A, a range of 0.93-4.45 Gy), and 3.3 Gy
(56.9% to point A, a range of 1.26-4.78 Gy), respectively.
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Our study revealed that for 63 of the 80 applications (78.85%),
the Bmax was less than 80% of the prescribed dose to point A,
and in 41 of the 80 applications (51.25%), the Bmax was less
than 60%. Similarly, in 65 of the 80 applications (81.25%), the
Rmax was less than 80% of the prescribed dose to point A, and
in 36 of the 80 applications (45%), the Rmax was less than 60%.
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This study concluded that ICRT using Co-60 as a ICRT source
is dosimetrically comparable with Ir-192, and that it is a logical
and economical option for brachytherapy, as it provides the
same scientific and technical performance as Ir-192. There
are potential advantages to using Co-60 as a ICRT source
owing to its longer half-life, i.e. of 5.3 years vs. 74 days. This
makes it an interesting alternative, especially in
high-workload centres in developing countries.
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