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Abstract
Purpose: To evaluate whether Co-60 is equivalent to Ir-192 for HDR cervical brachytherapy, through 3D-DVH dose

comparisons in standard and optimised plans. Previous studies have only considered 2D dosimetry, point dose com-
parisons or identical loading. Typical treatment times and economics are considered. 

Material and methods: Plans were produced for eight cervix patients using Co-60 and Ir-192 sources, CT imaging
and IU/two-channel-ring applicator (Eckert Ziegler BEBIG). The comparison was made under two conditions: (A) iden-
tical dwell positions and loading, prescribed to Point A and (B) optimised source dwells, prescribed to HR-CTV. This
provided a direct comparison of inherent differences and residual differences under typical clinical plan optimisation.
The DVH (target and OAR), ICRU reference points and isodose distributions were compared. Typical treatment times
and source replacement costs were compared. 

Results: Small differences (p < 0.01) in 3D dosimetry exist when using Co-60 compared to Ir-192, prescribed to Point A
with identical loading patterns, particularly 3.3% increase in rectum D2cc. No significant difference was observed in this
parameter when prescribing to the HR-CTV using dwell-time optimisation. There was no statistically significant difference
in D90 between the two isotopes. Co-60 plans delivered consistently higher V150% (mean +4.4%, p = 0.03) and V400%
(mean +11.6%, p < 0.01) compared to Ir-192 in optimised plans. Differences in physical source properties were overwhelmed
by geometric effects. 

Conclusions: Co-60 may be used as an effective alternative to Ir-192 for HDR cervix brachytherapy, producing sim-
ilar plans of equivalent D90, but with logistical benefits. There is a small dose increase along the extension of the source
axis when using Co-60 compared to Ir-192, leading to small rectal dose increases for identical loading patterns. This can
be eliminated by planning optimisation techniques. Such optimisation may also be associated with increases in the over-
dose volume (V150-V400) with Co-60 compared to Ir-192. 
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Purpose
There are currently in excess of 150 radiotherapy centres

worldwide using Co-60 sources in modern high dose-rate
(HDR) brachytherapy treatment units. These new systems
utilise miniaturised Co-60 sources, rather than traditional
Ir-192 sources and becoming very popular due to longer
source replacement intervals, lower operating costs and a re-
duced frequency of movement of radioactive sources be-
tween countries, compared to Ir-192 [1]. Whilst the avail-
ability of miniaturised high specific-activity Co-60 sources
for high dose-rate brachytherapy is a recent development,
the use of physically larger Co-60 sources in low dose-rate

applications has a long history dating back to the 1960s and
1970s with the Cathetron, Ralstron and Selectron treatment
units, reported in 1964 by Henschke [2]. By the 1980s, Ir-192
had become the most popular isotope for HDR brachythe-
rapy due to its smaller physical size. The application of HDR
brachytherapy in carcinoma of the cervix is a well established
treatment technique [3] and work by Dale [4], has shown
there is negligible clinical significance in the biological re-
sponse of tissues of varying density to the different ener-
gy spectra from Co-60 and Ir-192.

There are several publications on the clinical use of Co-60
HDR and on comparisons of physical dose differences with
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much more common Ir-192 sources. Ntekim et al. [5], Mos-
a laei et al. [6] and Bocharova [7] have evaluated acute tox-
icity with Co-60 in gynaecological cancer and shown this
to be a tolerable isotope for HDR treatments, reporting the
results to be comparable to Ir-192. The dose deposition dif-
ferences around single Co-60 and Ir-192 sources (anisotropy,
radial dose function and isodose curves) have been reviewed
by Strohmaier [8], finding no advantage or disadvantage
for Co-60 sources compared to Ir-192. However, this review
is based on the available work by Venselaar [9], Richter 
et al. [10] and Park et al. [11], who confined their analysis
to point dose and qualitative isodose comparisons only. Park
et al. [11] considered cervix treatment plans and compared
only the ICRU reference point doses [12] for two Ir-192
sources and a Co-60 source using treatment plans based on
2D orthogonal radiographs, finding rectal doses to be high-
er (average +0.8%) and bladder doses lower (average –1.1%)
for Co-60 compared to Ir-192. Richter et al. [10] and Park 
et al. [11] have also only considered differences in dose dis-
tributions produced by treatment plans with identical
source dwell loading patterns. While this provides valuable
information on the inherent physical differences between
the sources, what is also required is information on any
residual differences in typical clinical treatment plans, where
non-identical dwell-times are allowed with the two isotopes;
i.e. comparing actual typical treatment plans that may be
achieved with Co-60 and Ir-192. Whilst prescription to ‘Man-
chester system’ Point A is still common, an evaluation of
the differences between the two isotopes under the im-
proved dosimetry recommendations from GEC-ESTRO [13]
is required: based on 3D treatment planning and DVH pa-
rameter reporting, in order to fully and comprehensively
evaluate differences in treatment plan dose distributions be-
tween Co-60 and Ir-192 sources for HDR gynaecological
brachytherapy.

The current work builds on previous comparisons of
physical characteristics of the two isotopes and simple plan-
ning comparisons, by investigating Co-60 and Ir-192 bra -
chytherapy treatment plans in terms of dose-volume his-
togram (DVH) reporting metrics, with both standard
identical loading patterns prescribed to Point A and opti-
mised plans prescribed to the high-risk clinical target vol-
ume (HR-CTV). Typical treatment times and source repla -
cement costs are also investigated.

Material and methods
The comparison between Co-60 and Ir-192 isotopes was

undertaken by considering the source types manufactured
by Eckert & Ziegler BEBIG GmbH, Germany (in future
termed “EZ BEBIG”), models Co0.A86 and Ir.A85-2, re-
spectively. These sources are geometrically identical and
were therefore ideal to compare the effects of isotope
choice. Both sources consist of an active source core of
length 3.5 mm and diameter 0.6 mm, surrounded by
a cylindrical steel jacket with a length of 5 mm and an out-
er diameter of 1.0 mm. Monte Carlo derived dosimetric pa-
rameters for the two source types were utilised [14-16],
alongside published data on the physical properties of the
two isotopes.

Treatment plans

A consecutive series of eight cervix cancer patients were
planned for HDR brachytherapy using the “HDRPlus®”
treatment planning system (version 2.5), supplied by EZ 
BEBIG, on CT image data using TG43 [17] calculation 
algorithm. Pujades-Claumarchirant et al. have shown the
TG43 algorithm approach will provide accuracy within 2%
for both Co-60 and Ir-192 sources [18]. A diagnostic MRI
scan acquired post-external beam radiotherapy was ad-
ditionally available in order to improve soft tissue outlin-
ing, although this was not acquired with applicators in situ
and not directly fused with the CT data set. An experienced
Consultant Clinical Oncologist outlined HR-CTV and organs
at risk (OAR): rectum, sigmoid and bladder on each data
set. Given this is a planning comparison, it was not con-
sidered necessary to have these volumes independently re-
viewed.

The EZ BEBIG GmbH “CT/MR Ring Applicator Set”,
codes SET0140-3, was used in all treatments. This applica-
tor consists of an intrauterine tube (IU) and a two-channel-
ring. The possible source dwell positions are physically sim-
ilar to a Fletcher-style IU and ovoids with the lateral
straight channels being physically housed within a plastic
ring of outer diameters 36 to 45 mm. Dwell positions with-
in the EZ BEBIG “ring” are actually in a straight line rather
than curved geometry, as would be anticipated from the
physical ring appearance. The planning system library-
applicators were used in all treatment plans and the appli -
cators were not moved between the Co-60 and Ir-192 plan-
ning for each patient, to eliminate any uncertainty due to
applicator reconstruction.

Standard loading patterns (positions and times of source
dwells within the applicators) based on the traditional Man-
chester system were utilised, with relative total dwell-time
loadings of IU and ring of typically 1.25 : 1 (ranging between
1 : 1 and 1.56 : 1, depending on the length of IU and diam-
eter of ring combination), producing typical ‘pear-shaped’
isodose curves. Supplementary interstitial needles were not
used in any of the plans. Treatment plans were produced
for each patient using Co-60 source and then again using
Ir-192 source in two conditions: (A) traditional approach
with fixed dwell distribution normalised to 100% of pre-
scription dose at Point A [12] and (B) optimised dwell pat-
terns prescribed to HR-CTV [13] with manual adjustment
of dwell times, but using the same dwell positions and no
inverse planning. In the first set of comparisons, plans were
produced with identical dwell positions and relative times
(scaled for dose-rate difference) for the two isotopes, to pro-
vide a direct comparison of the dose deposition between 
Co-60 and Ir-192 sources, due to inherent differences in the
physical properties between the two sources. In the second
comparison set, normal treatment planning approaches were
applied to evaluate any residual differences in dosimetry
in normal clinical use, i.e. optimisation of dwell times and
distributions were applied to reduce dose to the rectum 
(aim for ICRU rectal reference point < 67% of prescription
dose) using the “local isodose shaping” software function
available within the EZ BEBIG HDRplus brachytherapy
treatment planning systems. The level of optimisation may
unintentionally have been different between plans produced
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Co-60 and Ir-192 sources from EZ BEBIG were also obtained
to evaluate the differing cumulative source replacement
costs of using the two isotopes for HDR brachytherapy.

Results
Treatment plans

Figure 1 illustrates a simple comparison of the isodose
lines calculated when using Co-60 and Ir-192 sources for
a typical HDR cervix treatment, with EZ BEBIG two-chan-
nel split ring and IU applicator, with identical loading 
for the two sources, prescribed to Point A (condition [A] in
method). The figure shows the effect of the inherent dif-
ferences in the two isotopes on the resulting dose distri-
butions. Differentiation between the plans was observed in
isodose shifts of up to 4.0 mm superior to the intrauterine
applicator and up to 2.0 mm posterior to the ring applica-
tor, both with Co-60 isodoses further from the applicator
than the equivalent Ir-192 lines. Similar dose enhancements
were observed along the applicator axes inferior and pos-
terior, although of smaller magnitude. In all other regions
the isodose lines for Ir-192 were found to be further from
the applicator than Co-60 lines, by several mm, with diver -
gence increasing with escalating distance from the appli-
cators; average of 1.0 mm at 30% isodose, approximately
20 mm to 30 mm from the applicator and 3.0 mm at 10%
isodose level, approximately 40 mm to 50 mm from the ap-
plicator (from Fig. 2, discussed later, it can be seen that 
the radial dose function, g(r), is larger for Ir-192 than for 
Co-60 in these regions).

As a result of these differences, in all treatment plans con-
sidered, Co-60 plan produced higher-dose lobes along 
the extension of the applicator axes, delivering locally up
to 10% greater dose within the rectum compared to Ir-192
plan. Consistently lower doses were delivered from Co-60
plans to regions more distant from the applicators, including
distant portions of the bladder, rectum outside the high-dose
lobe and sigmoid, by up to 1.5% compared to Ir-192 plans.

Quantitative analysis of the difference in point-dose
(ICRU [12]) and dose-volume parameters (GEC-ESTRO 
[13]) between Co-60 and Ir-192 plans is given in Table 1: 
(A) for plans prescribed to Point A with identical loading
and (B) prescribed to HR-CTV with clinically optimised
loading. In all plans, optimisation of the dwell times reduces
the dose differences apparent between Co-60 and Ir-192
plans in the identical loading case.

For the plans prescribed to Point A with identical load-
ing, Table 1 (A) there were statistically significantly diffe -
rences (p < 0.01) in all of the volume parameters for HR-CTV
between Co-60 and Ir-192 plans, with Co-60 delivering 
higher doses in each case, with a mean of 2.4% for V100%, 
5.9% for V150, increasing to 22.1% for V400%. There was
no statistically significant difference for the HR-CTV
D90Gy. There was also no significant difference in the blad-
der D2cc or ICRU bladder reference point nor the sigmoid
D2cc, between Co-60 and Ir-192 plans. However, the rec-
tum D2cc and ICRU rectal reference point both show statis -
tically significant increased doses from Co-60 compared to
Ir-192 plans (+3.3% (p < 0.01) and +2.2% (p = 0.03), respec -
tively).

Fig. 1. Comparison of isodose lines (5, 10, 20, 30, 50, 100 and
200% of prescription dose) for Co-60 source (solid lines)
and Ir-192 source (dashed lines) for a standard HDR cervix
treatment, with identical dwell positions and relative times,
based on Manchester loading, normalised to 100% of pre-
scription dose at Point A, shown in sagittal projection.
(Condition [A] in method)
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with the two isotopes to achieve the desired treatment plan-
ning aims: coverage of HR-CTV and minimised dose to
OAR. To mitigate against this, a single experienced treat-
ment planner produced all treatment plans to ensure the
level of plan optimisation and all other parameters were
identical between the plans. All patients were actually treat-
ed with an optimised Co-60 plan; the work presented here
is a retrospective planning study on the comparison of
Co-60 and Ir-192 source delivery.

The following quantitative dose-volume parameters were
calculated for each plan: HR-CTV D90 (the dose to 90% of
the HR-CTV), V100% (the HR-CTV volume covered by the
prescription dose), V150%, V200% and V400% (the HR-CTV
volumes covered by the stated percentage of prescription
dose), and D2cc (maximum dose to 2 cm3) for each OAR.
The ICRU reference point doses to OARs and Point A were
also calculated. A qualitative visual assessment of the vari-
ation in isodose line positions was also undertaken. The data
was further analysed by comparing a sparing factor, eval-
uated as the ratio of D2cc for each OAR and D90 for the 
HR-CTV, to make an assessment of the clinical quality of
the plan. Where appropriate, a paired two-sided t-test was
used to assess the statistical significance of the differences
between the Co-60 and Ir-192 plans.

Technical and economic considerations

The physical source parameters that relate to the clini-
cal use of Co-60 and Ir-192 HDR sources were compil ed.
This data was used to evaluate the equivalent source
strength of Co-60 compared to Ir-192 to deliver the same
dose, the variation in clinical treatment irradiation times to
be expected when using the two isotopes and the recom-
mended source change frequencies. The current cost of 
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For the plans prescribed to the HR-CTV with clinically
optimised loading, Table 1 (B) there was no significant dif-
ference in the HR-CTV V100% and D90Gy nor any OAR
D2cc. There was significant difference in the higher-per-
centage dose volume parameters, with Co-60 delivering larg-
er dose than Ir-192 for by 4.4% at V150%, increasing to 11.6%
at V400%.

Figure 3 presents the bladder, rectum and sigmoid spar-
ing factors (evaluated as D2cc/D90) for Co-60 and Ir-192
plans for the eight patients, with all plans prescribed to 
HR-CTV with clinical dwell-time optimisation (condition
[B] in method). The p-value of a paired t-test was just be-
low statistical significance for a comparison of Co-60 and
Ir-192 sparing factors for the rectum (p = 0.058), with means
of 0.88 and 0.85, respectively. There was a statistically sig-

nificant difference for the sigmoid sparing factor (p = 0.05),
but with a small magnitude difference in the mean values,
0.62 and 0.63 for Co-60 and Ir-192, respectively. There was
no statistically significant difference for the bladder (p = 0.51).
Care must be taken in interpretation of this statistical analy-
sis due to the relatively small sample size (n = 8).

Technical and economic considerations

Table 2 provides a compilation of the physical source pa-
rameters relevant to the clinical use of Co-60 and Ir-192 HDR
sources. The equivalent source strength of Co-60 to deliv-
er the same dose as Ir-192 was evaluated using simple cal-
culations with the above data: according to the TG43 for-
mulism [17], the absorbed dose is proportional to the source
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Fig. 2. Dose distribution around the Ir-192 and Co-60
sources in a uniform unit-density medium. Dose rate vari-
ation as a function of distance from the sources, normalised
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the source axis. The radial dose functions are also shown
in (A). (C) Anisotropy function variation with polar angle
around the sources, at 2.0 cm from the source centre, with
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Fig. 3. Comparison of sparing factors calculated for the
bladder, rectum and sigmoid in eight cervix cancer patient
plans, prescribed to HR-CTV, using Co-60 and Ir-192 HDR
sources. (Condition [B] in method)

(A) Mean percentage difference, 
Co-60 to Ir-192 SD of mean Correlation, p-value

HR-CTV V100% +2.4% 1.3 p < 0.01, very significant difference

HR-CTV V150% +5.9% 3.3 p < 0.01, very significant difference

HR-CTV V200% +7.6% 4.2 p < 0.01, very significant difference

HR-CTV V400% +22.1% 9.4 p < 0.01, very significant difference

HR-CTV D90(Gy) +0.4% 2.0 p = 0.56, no significant difference

Bladder D2cc +0.8% 1.9 p = 0.58, no significant difference

Bladder ICRU ref. point +0.9% 2.0 p = 0.11, no significant difference

Rectum D2cc +3.3% 1.0 p < 0.01, very significant difference

Rectum ICRU ref. point +2.2% 2.0 p = 0.03, significant difference

Sigmoid D2cc –0.6% 1.9 p = 0.69, no significant difference

(B) Mean percentage difference,
Co-60 to Ir-192 SD of mean Correlation, p-value

HR-CTV V100% +0.7% 1.4 p = 0.23, no significant difference

HR-CTV V150% +4.4% 4.6 p = 0.03, significant difference

HR-CTV V200% +7.0% 3.0 p < 0.01, very significant difference

HR-CTV V400% +11.6% 5.1 p < 0.01, very significant difference

HR-CTV D90(Gy) –0.2% 2.0 p = 0.40, no significant difference

Bladder D2cc –0.4% 2.6 p = 0.90, no significant difference

Rectum D2cc +0.9% 3.3 p = 0.43, no significant difference

Sigmoid D2cc –0.3% 3.5 p = 0.67, no significant difference

Table 1. Comparison of point and dose-volume parameters for the treatment plans of eight patients produced
using Co-60 and Ir-192 sources, (A) prescribed to Point A with identical dwell distribution, and (B) prescribed to
the HR-CTV with typical clinical optimisation. (D2cc is expressed as the physical brachytherapy dose)

Hence, using the data in Table 2, for HDR brachytherapy,
1 GBq of a Co-60 source delivers the same dose as 2.77 GBq
of an Ir-192 source (although source strength should be used,
nominal activity is still often quoted and hence referred to
here for completeness). Further, the required irradiation
treatment time for a new Co-60 source is larger by a factor
of 1.8 compared to a new Ir-192 source, based on the typ-
ical initial source activities given in Table 2. The required
irradiation time for brachytherapy treatments increases as
the sources decay. Due to the different decay half-lives (T1/2)
and the different initial conditions, the variation in required
irradiation time with time for the two sources is shown 
in Fig. 4, where Co-60 source is replaced at five years and
Ir-192 sources are changed every four months. For these
source change frequencies, the average irradiation times per
patient and similarly the total cumulative HDR irradiation
time are around 25% greater for Co-60 than Ir-192. How-
ever, if the Co-60 source is replaced at four years, the av-
erage increase in treatment time compared to Ir-192 reduces
to 15%. There may also be a radiobiological effect that
favours replacement at four years rather than five. Maze-
ron et al. [20] indicated that cell repair of sub-lethal dam-
age starts at around 30 minutes after irradiation. Hence,
longer treatment times may decrease the effect of radiation
damage due to the initiation of repair during exposure. If
a Co-60 source is changed every four years, the total treat-
ment time never exceeds that required by an Ir-192 source,
as shown in Fig. 4 and any potential effect can be mitigat-
ed. The differing energy of gamma emissions from the two

strength multiplied by the dose rate constant multiplied by
time. When considering source activity, the dose is pro-
portional to activity multiplied by air kerma rate constant,
multiplied by dose rate constant, multiplied by time.
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absorption within the line source at the higher gamma emis-
sion energies. When treatment plans were prescribed to
Point A and identical Manchester-based loading patterns
were used, there was a small, but statistically significant in-
crease in volume of HR-CTV covered by the prescription
dose, as well as a small increase to the rectum OAR, when
using Co-60 rather than Ir-192. When treatment plans were
prescribed to the HR-CTV and dwell times were optimised,
there was no statistically significant difference in any
OAR parameter nor in the HR-CTV V100% coverage be-
tween the two isotopes. The small, but statistically signif-
icant dose distribution differences seen when comparing
identically-loaded treatment plans for Co-60 and Ir-192,
which are a function of the inherent physical differences of
the sources, are reduced to being not statistically significant
in typical clinical treatment planning, when dwell-time 
optimisation is applied. 

In comparing Co-60 (EZ BEBIG) and Ir-192 (Nucletron)
HDR sources using a 2D image-based approach and iden-
tical loading patterns, Park et al. [11] reported an average
decrease of 1.14 ± 0.61% to the ICRU bladder reference point
and an average increase of 0.83 ± 1.48%  to the ICRU rec-
tal reference point, when using Co-60 rather than Ir-192.
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Isotope Eγ, mean Eγ, range T1/2 Λ K A
(MeV) (MeV) (months) (cGy/hU) (U/GBq) (GBq)

Ir-192 0.37 0.1-1.1 2.4 1.108 108 370

Co-60 1.25 1.17 & 1.33 63.3 1.084 306 74

Table 2. Selected physical properties of Ir-192 and Co-60 isotopes and HDR sources: mean energy (Eγ, mean) 
and energy range (Eγ, range) of gamma radiation, half-life time (T1/2), dose rate constant (Λ. ), air kerma rate con-
stant (K), typical initial source activity of HDR sources (A), and first tenth-value layer in concrete (TVLconcrete). 
(U = μGy/m2h). (From National Nuclear Data Centre [19])

Fig. 4. Comparison of total treatment irradiation times for
Co-60 and Ir-192 sources for a typical cervix HDR treat-
ment, as a function of time over a six year period, with 
Co-60 source change at five years and Ir-192 source change
at four months

isotopes affects the dose distribution around the sources.
This is described using a radial dose function and anisotropy
function [17]. The radial dose function, which accounts for
the effects of absorption and scatter in the medium, for 
Ir-192 source provides higher values than for Co-60 source
within the region of interest in HDR brachytherapy, as
shown in Fig. 2A, up to approximately 25 cm from the
sources (the radial dose function evaluation depends on the
size of the phantom used in Monte Carlo simulations, which
were equivalent in the data presented). This is due to in-
creased scatter of Ir-192 emissions compared to Co-60, due
to their lower energy. However, the variation in radial dose
function of the two sources is dominated by the geomet-
ric factor, which includes inverse-square law dose reduc-
tion (and effects of line source activity distribution). These
physical properties therefore result in negligible differences
between the two sources in dose-rate with distance from
the source, perpendicular to the source axis, as shown in
Fig. 2A. The variation in dose-rate with distance, along the
source axis, is shown in Fig. 2B. The Co-60 and Ir-192 sources
have a different magnitude of variation of dose-rate with
polar angle around their line source geometries, due to rel-
atively more self-absorption within the source for the low-
er energy emissions of Ir-192 compared to Co-60. This 
effect can be seen in Fig. 2C, with a 40% reduction in aniso -
tropy function along the source axis (0 degree polar angle),
at 2.0 cm from the source, for Ir-192 compared to Co-60.

The cost of a Co-60 HDR source is approximately 5 times
greater than the cost of an equivalent Ir-192 source (EZ 
BEBIG, at 2011). If typical source replacement frequencies
are used, changing Co-60 source at five years and Ir-192
source every four months, an HDR brachytherapy treatment
unit would require fifteen Ir-192 sources for each Co-60
source. The total cost of these sources is 275% greater for
Ir-192 than for Co-60, an increase of approximately forty-
five thousand Euros over five years. The additional costs
of transportation and engineer-installation of the sources
increase the differential total costs by in excess of five thou-
sand Euros over five years.

Discussion
From the analysis of eight patients’ treatment plans, 

using a 3D image-based approach, only small differences
in dose distribution were observed when using either 
Co-60 or Ir-192 isotopes. Variations were seen along the ex-
tension of the applicator axes, with Co-60 delivering sev-
eral percent higher doses than Ir-192, due to reduced aniso -
tropy variations compared to Ir-192, because of less self-
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These findings are consistent with the work presented here
in terms of Point A prescribing, ICRU reference points and
identical source loading. However, although of technical in-
terest, the dose differences for identical loading and dwell-
time patterns, such as that reported by Park et al. [11] and
in this work under condition A are not of particular clini-
cal significance for modern treatment planning. Of more sig-
nificance are the clinical treatment plans that can be pro-
duced when optimisation of source dwells is permitted,
which is a standard practice for modern brachytherapy, as
reported in this work under condition B. Differences be-
tween Co-60 and Ir-192 were then reduced to 0.4% (SD =
2.6) for bladder D2cc and 0.9% (SD = 3.3) for rectal D2cc,
neither of which were statistically significant. The generally
quoted quality metrics of HR-CTV D90Gy, V100% and OAR
D2cc do not show significant differences between the two
isotopes. However, in all plans, the HR-CTV volume cov-
ered by 150%, 200% and 400% was significantly different,
with Co-60 always delivering greater coverage. There is
some debate on the clinical significance of ‘over-dose’ re-
gions, indeed Prabhakar [21] has discussed several studies
in which an increase in high dose regions may be a disad-
vantage. There was no significant difference in the bladder
or rectum sparing factors, evaluated as D2cc/D90, between
the two isotopes for any of the considered plans. Even when
rectal doses were a few per cent higher with Co-60 compared
to Ir-192, for the identical dwell-loading plans, the increase
in rectal dose were consistent with increased dose to the HR-
CTV; the sparing factor ratio being unchanged. 

Co-60 may deliver a small increased dose to the rectum
and small enhancement of the target overdose volume com-
pared to Ir-192, depending on planning technique employed.
However, the differences in volume and point doses in 
the treatment plans for Co-60 and Ir-192 were judged to be
clinically not significant, especially in context of more sig-
nificant effect of other variables that can be modified in 
HDR brachytherapy treatment planning, including pre-
scribing method, loading patterns, extent of dwell-time 
optimisation, application of image-guidance techniques,
choice of applicator, use of supplementary interstitial nee-
d les, etc. Strohmaier [8] also concluded there to be insig -
nificant clinical differences between the two isotopes based
on analyses using ICRU point doses and with 2D image-
based treatment planning. It is apparent that the inherent
differences between the two isotopes, which itself lead to
small differences in dose distribution, can be overcome by
application of treatment planning optimisation techni-
ques. The key physical parameters for Co-60 and 
Ir-192 HDR sources have been presented and analysed to
deduce clinically relevant information for use in brachyther-
apy treatments. It is essential that this data is fully under-
stood to mitigate the risk of any treatment error in moving
from Ir-192 to Co-60. Co-60 and Ir-192 sources of identical
shape and construction show practically identical dose dis-
tributions despite definite differences in the key physical
characteristics of the isotopes, particularly emission spec-
tra. This is because of the overwhelming effect of geome-
try in brachytherapy and small differences in radial dose
distributions and anisotropy. In terms of economics, there
is significant financial saving in Co-60 source replacements
every five years compared to Ir-192 replacements every four

months, amounting to more than fifty thousand Euros over
five years (at 2011). The reduced frequency of source
changes also reduces the physics calibration and quality con-
trol time, reducing the overall equipment down-time and
required support time by approximately 40%. However, the
initial cost of environmental radiation shielding is greater
for Co-60 than Ir-192, due to the higher energy emissions.
The significantly longer operating life of the Co-60 source
requires enhanced mechanical reliability over an equivalent
Ir-192 source. This may have implications for a full-circle
single-channel ring applicator due to increased mechani-
cal wear on the source cable when traversing a small radius
ring.

The irradiation time per patient, over five year use of
a Co-60 source, is on average 25% greater than for Ir-192
sources. However, if patient set-up time and ancillary ac-
tivities are included in the total patient treatment time, which
are of course independent of source type, the percentage in-
crease of total patient-time for Co-60 compared to Ir-192 is
reduced to approximately 10%.

Conclusions
Based on the 3D dosimetric analysis of patient plans con-

sidered in this study, we have shown that Co-60 can be used
as an effective substitute for the more common Ir-192 sources
in HDR brachytherapy for cervix cancer, with no clinical-
ly significant differences evident in the resulting treatment
plan dose distributions, especially when treatment planning
dwell-time optimisation is utilised. The choice of isotope is
certainly less significant than other variables in brachyther-
apy, including choice of prescribing method, extent of im-
age-guidance or dose optimisation techniques.

The inherent physical differences between the sources,
leads to reduced anisotropy deviations with Co-60 compared
to Ir-192 at high polar angles. This causes small increases
in dose deposition along the extension of the source axis with
Co-60, which may increase rectal doses for identical source
loading patterns compared to Ir-192. However, these dif-
ferences may be eliminated with treatment plan optimisa-
tion.

Co-60 treatment plans delivered small increases in tar-
get coverage (V100) (p < 0.01) for standard loading and
equivalent target coverage for optimised plans, compared
to Ir-192. There was no statistically significant difference in
D90 between the two isotopes (p ≥ 0.4). Increases in the over-
dose volume (V150 to V400) (p = 0.03 to < 0.01) were ob-
served for Co-60 compared to Ir-192 for both standard load-
ing and optimised plans.

There are significant logistical and financial benefits of
using the longer half-life Co-60 source. For the same dose-
rate, a Co-60 source requires only 36% of the activity of an
Ir-192 source. For typically supplied source strengths, the
total treatment irradiation times will be on average 25%
greater duration with Co-60 than Ir-192, over the lifetime
of the source, however the overall patient attendance time
will be approximately 10% greater due to ancillary activi-
ties independent of actual irradiation. The choice of isotope
has no impact on prescription doses and fractionation
schemes.

Antony Palmer, Orla Hayman, Sarah Muscat58



Journal of Contemporary Bra chy the ra py (2012/volume 4/number 1)

Acknowledgments
We acknowledge Antonius Spiller of Eckert & Ziegler 

BEBIG GmbH and Professor David Bradley and Professor
Andrew Nisbet of University of Surrey for review of this
work.

References
1. Salminen EK, Kiel K, Ibbott GS et al. International conference

on advances in radiation oncology (ICARO): Outcomes of an
IAEA meeting. Radiat Oncol 2011; 6: 1-9.

2. Henschke UK, Hilaris BS, Mahan GD. Remote afterloading
with intracavitary applicators. Radiol 1964; 83: 344-345.

3. Nag S, Erickson B, Thomadsen B, et al. The American Bra -
chytherapy Society recommendations for high-dose-rate bra -
chytherapy for carcinoma of the cervix. Int J Radiat Oncol Biol
Phys 2000; 48: 201-211.

4. Dale RG. Some theoretical derivations relating to the tissue
dosimetry of brachytherapy nuclides, with particular reference
to Iodine-125. Med Phys 1983; 10: 176-183.

5. Ntekim A, Adenipekun A, Akinlade B et al. High dose rate
bra chytherapy in the treatment of cervical cancer: Preliminary
experience with cobalt 60 radionuclide source – a prospective
study. Clin Med Insights Oncol 2010; 4: 89-94.

6. Mosalaei M, Mohammadianpanah M, Omidvari S et al. Ahma -
dloo N. High dose rate brachytherapy in the treatment of car-
cinoma of uterine cervix: twenty-year experience with cobalt
after-loading systems. Int J Gynecol Cancer 2006; 16: 1101-1105.

7. Bocharova I. The history of brachytherapy in Russia: compar-
ison of Co-60 vs, Ir-192 sources. J Contemp Brachyther 2011; 3:
48-49.

8. Strohmaier S, Zwierzchowski G. Comparison of 60Co and
192Ir sources in HDR brachytherapy. J Contemp Brachyther 2011;
3: 199-208.

9. Venselaar JL, van der Giessen PH, Dries WJ. Measurement and
calculation of the dose at large distances from brachytherapy
sources: Cs-137, Ir-192 and co-60. Med Phys 1996; 23: 537-543.

10. Richter J, Baier K, Flentje M. Comparison of 60cobalt and
192iridium sources in high dose rate afterloading brachyther-
apy. Strahlenther Onkol 2008; 184: 187-192.

11. Park D-W, Kim YS, Park SH et al. A comparison of dose dis-
tributions of HDR intracavitary brachytherapy using different
sources and treatment planning systems. Appl Radiat Isot 2009;
67: 1426-1431.

12. Chassagne D, Dutreix A, Almond P et al. Dose and volume
specification for reporting intracavitary therapy in gynaecol-
ogy. International Commission on Radiation Units and Measure-
ments, ICRU Report 38, 1985.

13. Pötter R, Haie-Meder C, Van Limbergen E et al. Recommen-
dations from gynaecological (GYN) GEC ESTRO working
group (II): concepts and terms in 3D image-based treatment
planning in cervix cancer brachytherapy-3D dose-volume
parameters and aspects of 3D image-based anatomy, radiation
physics, radiobiology. Radiother Oncol 2006; 78: 67-77.

14. Granero D, Perez-Calatayud J. Dosimetric study of a new 
Co-60 source used in brachytherapy. Med Phys 2007; 34: 3485-
3488.

15. Granero D, Perez-Calatayud J. Monte Carlo study of the dose
rate distributions for the Ir2.A85-2 and Ir2.A85-1 Ir-192 after-
loading sources. Med Phys 2008; 35: 1280-1287.

16. Palani Selvam T, Bhola S. Technical note: EGSnrc-based dosi-
metric study of the BEBIG 60Co HDR brachytherapy sources.
Med Phys 2010; 37: 1365-1370.

17. Rivard MJ, Coursey BM, DeWerd LA et al. Update of AAPM
Task Group No. 43 report: A revised AAPM protocol for
brachytherapy dose calculations. Med Phys 2004; 31: 633-674.

18. Pujades-Claumarchirant MA, Granero D, Perez-Calatayud J 
et al. Evaluation of interpolation methods for TG-43 dosimet-
ric parameters based on comparison with Monte Carlo data
for high-energy brachytherapy sources. J Contemp Brachyther
2010; 1: 28-32.

19. National Nuclear Data Centre. http://www.nndc.bnl.gov/
20. Mazeron JJ, Scalliet P, Van Limbergen EV et al. Radiobiology

of brachytherapy and the dose-rate effect. In: Gerbaulet A, Pot-
ter R, Mazeron JJ (eds.). The GEC ESTRO handbook of bra -
chytherapy. ESTRO, Leuven 2002; 95-121.

21. Prabhakar R. Dose volume uniformity index: a simple tool for
treatment plan evaluation in brachytherapy. J Contemp Brachyther
2010; 2: 71-75.

Planning study of 3D dosimetry between Co-60 and Ir-192 in HDR cervix cancer 59



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


