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Abstract

Purpose: The purpose of this study was to compare two inverse planning algorithms for cervical cancer brachytherapy
and a conventional manual treatment planning according to the MUW (Medical University of Vienna) protocol.

Material and methods: For 20 patients, manually optimized, and, inversely optimized treatment plans with Hybrid
Inverse treatment Planning and Optimization (HIPO) and with Inverse Planning Simulated Annealing (IPSA) were
created. Dosimetric parameters, absolute volumes of normal tissue receiving reference doses, absolute loading times of
tandem, ring and interstitial needles, Paddick and COIN conformity indices were evaluated.

Results: HIPO was able to achieve a similar dose distribution to manual planning with the restriction of high
dose regions. It reduced the loading time of needles and the overall treatment time. The values of both conformity
indices were the lowest. IPSA was able to achieve acceptable dosimetric results. However, it overloaded the needles.
This resulted in high dose regions located in the normal tissue. The Paddick index for the volume of two times

prescribed dose was outstandingly low.

Conclusions: HIPO can produce clinically acceptable treatment plans with the elimination of high dose regions in
normal tissue. Compared to IPSA, it is an inverse optimization method which takes into account current clinical

experience gained from manual treatment planning.
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Purpose

Inverse optimization algorithms were implemented into
external beam therapy (EBRT) several years ago [1,2]. Their
main benefits are the reduction of treatment planning time,
good reproducibility and the creation of treatment plans
which provide both, better target coverage and sufficient
sparing of organs at risk (OARs). In brachytherapy (BT), the
development of inverse optimization algorithms, inverse
planning procedure and their integration into clinical rou-
tine is just being established. Inverse planning algorithms
are widely used by several institutions, but only in prostate
cancer BT [3-12]. For other carcinomas, basic research, devel-
opment of concepts, definition of constraints and clinical
adaptation of the procedure are still necessary [13,14].

The use of inverse plan optimization methods has been
recently introduced into cervical cancer BT [13,15-18]. The
typical pear shaped dose distribution has been used for
decades and results in very good clinical outcomes [19,20].

With the integration of 3D imaging devices (CT, MRI), the
dose distribution can be adapted to the individual anatom-
ical situation [21,22]. The aim of inverse planning is to
achieve the best possible dose distribution for the target
structures, the organs at risk and un-diseased tissue. How-
ever, even with dose adaptation methods, the typical pear
shaped dose distribution should be preserved. Such a dis-
tribution consists of high dose regions concentrated with-
in the tumour bearing uterus while not spreading into the
adjacent normal tissue [14,23]. Therefore, several issues
remain to be addressed in preserving this concept with
inverse planning [14].

Nowadays, two algorithms are commercially available.
One of them is the HIPO algorithm which has been espe-
cially fine-tuned for use in cervical cancer BT [14,24]; i.e.
specific features have been incorporated into the inverse
planning process in order to achieve smoother dose dis-
tribution. Further, sophisticated procedure was developed
to preserve the typical form of the dose [25] and to keep
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the high dose regions just within the target structures. The
second algorithm is the IPSA which is a more general algo-
rithm [26]. No specific tools to control the spatial dose dis-
tribution of high dose regions for cervical cancer BT have
been integrated into the inverse planning process with IPSA.

The purpose of this study was to compare the inverse
planning algorithms dedicated to the treatment planning
in cervical cancer BT and moreover, to compare both of
them to the manual planning method. We placed a special
emphasis on the high dose regions because they play an
important role and the most significant differences were
expected in this particular area.

Material and methods
Patients and treatment

The same group of 20 patients as in [14] was used for
this study. The patients underwent 45 to 50.4 Gy whole
pelvic EBRT followed by 4 fractions of HDR BT with pre-
scribed dose (PD) of 7 Gy [23]. Ten patients were treated
with the intracavitary MR/CT compatible Vienna tan-
dem/ring (T/R) applicator (mean HR CTV 30 cm®). For the
remaining ten patients, where the coverage of HR CTV was
not sufficient with the T/R applicator alone, additional
interstitial needles (T/R + N) were implanted (mean HR
CTV 40 cm?) [27,28]. For each patient, one fraction planned
with an MRI based treatment planning approach was
included in this analysis [23].

The applicator reconstruction was based on predefined
applicator geometries consisting of the scanned outer
dimensions of the applicator in relation to the source path
[29]. Contouring of HR CTV, GTV, bladder, rectum and
sigmoid colon was performed according to the GYN GEC
ESTRO recommendations [30,31]. IR CTV was not delin-
eated. The dose volume constraints used for each patient
are presented in Table 1 [32]. For the reasons of this study,
EBRT dose of 45 Gy was used for all patients to acquire the
same dose constraints.

For all patients, three different treatment plans were cre-
ated. The first plans were manually optimized which were
clinically used for patient treatment. The other two were
retrospectively created inverse optimized treatment plans
with HIPO and with IPSA.

Manual treatmment planning

Manual treatment planning workflow for cervical can-
cer BT at the Medical University of Vienna (MUW) has

Table 1. The dose-volume constraints used for our
treatment schedule; the given doses are physical
doses per one BT fraction, the doses in brackets
are biologically weighted doses to be reached [32]

HR CTV: D90 (Gy) > 7 Gy/fr. (> 85 Gy)
HR CTV: V100 (%) > 90%

Bladder: D, (Gy) < 6.2 Gy/fr. (< 90 Gy)
Rectum: D, (Gy) < 4.4 Gy/fr. (< 70 Gy)
Sigmoid: D, (Gy) < 4.4 Gy/fr. (< 70 Gy)

already been described in detail [14,23,27,32]. All manual
plans were done in the PLATO v14.3 TPS.

Inverse planning: HIPO

The Hybrid Inverse treatment Planning and Optimiza-
tion algorithm (HIPO) is an advanced, anatomy-based opti-
mization algorithm developed by Karabis, Giannouli and
Baltas [24]. The adaptation of inverse planning with HIPO
to meet the specific requirements for the dose distribution
in cervical cancer BT treatments have been already
described elsewhere [14]. HIPO features, such as auto-
matically generated individual anatomy based loading pat-
terns, dwell time gradients, normal tissue constraints and
separate optimization of the interstitial and intracavitary
parts of an implant, have the potential to support the pear-
shaped dose distribution [14].

All HIPO plans were done in the Oncentra GYN v0.9.14
and based on the MUW workflow with the optimization
settings introduced in [14] and presented in Table 2.

Inverse planning: IPSA

The Inverse Planning Simulated Annealing (IPSA) is an
algorithm developed by the UCSF group [15,17]. This
advanced inverse optimization technique is used for
prostate BT in several centres and favourable results have
been presented [3-12]. Some institutions also use it for
cervix BT. The algorithm is implemented in the Plato TPS
(from v14.3, Nucletron B.V., Veenendaal, The Netherlands)
and the OncentraBrachy (from v1.0, Nucletron B.V., Vee-
nendaal, The Netherlands). The implementation of the
algorithm into TPS does not integrate any additional spe-
cific tools for different brachytherapy treatment sites [15].

Inverse treatment planning with IPSA was performed
in Plato. Before optimization, all dwell positions in the
intracavitary and interstitial parts of the implant were acti-
vated. All parts of the applicator were included into the
optimization at the same time. The optimization always
uses the optimization settings from the UCSF [15-17] for
both types of applicators. In case of an unsatisfactory dose
distribution, the optimization parameters were adjusted
and the calculation was repeated again until our objective
was achieved. The average adjusted optimization settings
which led to the best dose distributions are presented in
Table 3. Moreover, the additional help structure around
the ring part of the implant was contoured and integrated
into the inverse optimization in order to obtain more con-
tribution from the ring, and therefore to reduce the con-
tribution from the interstitial needles to the whole dose dis-
tribution [14,23].

Evaluation

For each treatment plan, the dosimetric parameters
based on the GYN GEC ESTRO recommendations were
evaluated [17]. Additionally, absolute volumes V100, V200
and V400 of normal tissue receiving a dose of PD, 2 x PD
and 4 x PD per fraction respectively, were evaluated
(absolute volume of the reference dose with the exclusion
of the absolute volumes of HR CTV and the applicator vol-
ume outside HR CTV receiving reference dose. The part of
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the tandem inside of HR CTV was included in HR CTV in
keeping with the current practice in most of the centres).

In order to find out the portion of the dose coming from
the interstitial needles in case of the T/R + N applicator,
the absolute loading times of the tandem, ring and all nee-
dles were evaluated.

To evaluate how accurately HR CTV was covered and
to estimate the amount of dose received by the surround-
ing tissue including OARs, two conformity indices were
used. The first conformity index was proposed by Paddick
[33] as a measure of how well the prescribed isodose con-
forms to the size and shape of a target volume. It was
defined as:

Vzref,TV ,
TV XV,

where V1 is a volume of a reference dose covering the
target volume, TV is the target volume and Vis a volume
of a reference dose. Its ideal value is equal to 1. Paddick’s
indices for reference doses of 1 x PD, 2 x PD and 4 x PD
were evaluated to acquire relative comparisons of the ratios
between the target volumes and sizes of high dose regions.

The second index used for evaluation was a modified
COIN index as proposed by Baltas et al. [34,35]. It was
based on an evaluation of dose-volume histograms. It
measures the overall quality of a treatment plan and is
defined as product of three coefficients:

COIN = ¢; X ¢y X c3.

The coefficient ¢; describes how accurately the target
volume is covered by a reference dose D, i.e. PD.

_ Vre,TV
a=Tv

where V. 1y is a volume of a reference dose covering
the target volume and TV is the target volume. The ideal
value of ¢, is equal to one.

The coefficient ¢, is also a measure how accurately the
target volume covered by the reference dose D, More-
over, it measures how much of normal tissue volume out-
side of the target volume receives the reference dose D,

_ Vref,TV .
CZ_ VrBf

The volume V,is a volume of reference dose.
The last coefficient, c;, evaluates how much irradiation
is received by OARs. It is defined as:

NOARS
Vv .
0= I I @_ OARcrit,i ,

V .
i=1 OARi

where V,r is a volume of OAR and Vg is a volume
of OAR receiving critical dose D.,;;, i.e. 90%, 63% and 100%
of PD for bladder, rectum/sigmoid and vagina wall,
respectively. The product is taken over all OARs that
should be included into the evaluation. These relative

Table 2. Sets of objectives — dose limits and impor-
tance factors for HIPO [14]

A) T/R applicator alone

dwell time gradient: 0.5

VOI Diin Imp. ) Imp.
(% PD) factor (% PD) factor
HR CTV 100 50 300 1
GTV 150 15 300 0.1
Bladder = = 88 10
Rectum = = 60 10
Sigmoid colon = = 60 15
Normal tissue = = 200 0.1

B) T/R applicator (from the combined intracavitary
/interstitial implant)
dwell time gradient: 0.5

VOI Diin Imp. ) Imp.
(% PD) factor (% PD) factor
HR CTV 100 10 300 2
GTV 150 15 300 0.1
Bladder = = 88 20
Rectum = = 60 20
Sigmoid colon = = 60 20
Normal tissue = = 200 0.1

C) needles (from the combined intracavitary/inter-
stitial implant)
dwell time gradient: 0.2

VOI Driin Imp. Dlsire Imp.
(% PD) factor (% PD) factor
HR CTV 100 40 300 1
GTV = - = =
Bladder = = 88 10
Rectum = = 60 10
Sigmoid colon - - 60 10
Normal tissue = = 200 1

Table 3. Average dose objectives and weighting
factors used for IPSA

Dmin (€GY) Mmin ~ Dmax (€Gy)  Mpay
HR CTV 700/700 100/100 750/750 0/0
GTV 700/700 100/100  1050/1050 0/0
Help structure ~ 1050/0 20/0 2800/2800 0/0
Bladder 0/0 0/0 470/470 20/20
Rectum 0/0 0/0 400/400 20/20
Sigmoid 0/0 0/0 400/400 40/40

Both, the dose objectives and weighting factors are in the form of surface/volume
D, = minimum dose, D, = maximum dose, M, ;. = slope of penalty function
for violating minimum dose constraint, M, ., = slope of penalty function for
violating maximum dose constraint [17]
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values are related to the total dose constraints used at the
MUW, and are only valid for specific treatment schedule
of four times 7 Gy BT plus 45 Gy EBRT.

The statistical significance of the results was proven
with a two sided paired t-test with a level of significance
at 0.05 [36]. All statistical calculations were done using the
STATISTIKA (StatSoft, Inc.) package.

Results

Figure 1 shows the example of typical dose distribution
after manual, HIPO and IPSA optimization. All three plans
were created for the same patient treated by combining the
T/R applicator with 3 interstitial needles. From this exam-
ple, the main difference among all three approaches can
be seen. After the manual optimization, most of the dose
comes from the intracavitary T/R applicator and the inter-
stitial needles have very low loading just to cover the miss-

ing parts of extensive HR CTV which was not possible to
cover with the intracavitary part alone. After inverse opti-
mization with HIPO and toggling between two different
optimization sets, the resulting dose distribution is almost
the same as after the manual optimization. HIPO was even
able to reduce high dose regions around interstitial nee-
dles. After IPSA inverse optimization, where all parts of
the implant have the same importance, the overloading of
needles can be seen. This is an unwanted result as it can
lead to complicated side effects.

The average values of dosimetric parameters are pre-
sented in Table 4. The intracavitary T/R and combined
intracavitary/interstitial treatment T/R + N were analysed
separately. IPSA as well as HIPO were able to produce
dosimetrically acceptable treatment plans for both kinds
of treatments. In case of the T/R applicator, HIPO opti-
mization leads to the best clinical dosimetric parameters

[%:10]]

Fig. 1. An example of the dose distribution after manual (A), IPSA (B) and HIPO (C) optimization

Table 4. Summary of dosimetric results (mean + st. dev.) of manual optimization and inverse optimization with
HIPO and IPSA for a single fraction; all doses are physical doses. Numbers 1, 2 and 3 represent manual, HIPO

and IPSA optimization, respectively

T/R 1 2 3 p(1-2) p (1-3) p (2-3)
HR-CTV: V100 (%) 95.8+35 97.9+23 96.4+3.1 0.006 0.153 0.030
HR-CTV: D90 (Gy) 8.2+11 8.6+0.9 83+11 0.138 0.607 0.368
HR-CTV: D100 (Gy) 52+10 5.8+0.7 56+0.7 0.011 0.145 0.315
Bladder: D, (Gy) 52+0.9 50%12 5.6 0.8 0.248 0.146 0.114
Rectum: D, (Gy) 3.5+10 31+0.8 3.7+£0.7 < 0.001 0.238 < 0.001
Sigmoid c.: Dy (GY) 42+04 4.0+0.5 41+04 0.059 0.740 0.211
Implant: Vpp (cm3) 811+16.0 763+19.4 93.4+32.9 0.284 0.109 0.034
T/R+N 1 2 3 p (1-2) p (1-3) p (2-3)
HR-CTV: V100 (%) 94.7+33 95.7+25 95.8+2.5 0.123 0.194 0.794
HR-CTV: D90 (Gy) 8.0+0.9 8.1+0.7 7.9+0.5 0.429 0.783 0.296
HR-CTV: D100 (Gy) 4.7+10 48+10 52+0.8 0.714 0.124 0.126
Bladder: D, (Gy) 54+05 4.8+0.8 54+0.6 0.018 0.913 0.049
Rectum: Dy (Gy) 37+0.7 34+0.8 3.8+0.6 0.085 0.573 0.050
Sigmoid c.: Dy (Gy) 42+09 3.9+10 3.9+0.7 0.016 0.030 0.589
Implant: Vpp (cm3) 954 +13.6 8l1+234 94.5+17.1 0.003 0.744 0.006
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for both, target structures and OARs. However, only the
differences in V100 for HR CTV and D, for the rectum
were statistically significant. In case of the T/R + N
implant, HIPO optimization resulted in significantly bet-
ter sparing of the bladder and sigmoid compared to the
manual optimization. Moreover, both bladder and rectum
were more spared as compared to IPSA optimization.
The whole implant volume was the lowest after HIPO opti-
mization in both implant modalities. IPSA led to the unnec-
essarily blown up high dose regions affecting normal
tissue.

The comparison of the absolute volumes of normal tis-
sue receiving certain reference doses are listed in Table 5.
There was no significant difference in any volume for T/R.
For the T/R + N configuration, normal tissue receiving the
prescribed dose was significantly lower after HIPO opti-
mization compared to the manual optimization as well as
after IPSA optimization compared to manual. The differ-
ence between IPSA and HIPO in favour of the HIPO algo-
rithm was not statistically significant.

The absolute loading times in each part of the implant
and the whole implant loading are summarized in Table 6.
All times are normalized to a source strength of 40820
cGy.cm2.hl. The total loading times, as well as loading
times of the ring and tandem, were significantly different
between IPSA and HIPO. The HIPO optimization algo-
rithm increases the loading time for the tandem whereas

it reduces the loading time of the ring compared to manu-
al and IPSA optimizations. In 9 out of 10 patients, the total
loading time for all interstitial needles, as well as the time
of the maximally loaded needle was noticeably reduced
with HIPO compared to manual and IPSA optimizations.

The conformity indices are presented in Table 7. For
both T/R modalities, with or without needles, HIPO had
the highest mean value of both conformity indices. For T/R
patients, only the difference in the COIN index between
IPSA and HIPO reached statistical significance. For T/R + N
patients, low value of the Paddick index for the volume of
2 x PD after the IPSA optimization is particularly note-
worthy.

Discussion

The aim of manual optimization in cervical cancer
brachytherapy is to achieve a typical pear shaped dose dis-
tribution with a specific pattern of high dose regions. This
dose distribution results in high local control and low side
effects [19,37]. Because of these good clinical results, it is
important to try to preserve such a dose distribution after
inverse optimization. The spatial distribution of high dose
regions has to be taken into account by inverse optimiza-
tion algorithms to avoid unexpected high doses in the para-
metrium or vaginal wall. High doses are not undesirable
but they should be concentrated inside the cervix and

Table 5. Absolute volumes V100, V200 and V400 (mean + st. dev.) of normal tissue receiving a dose of PD,
2 x PD and 4 x PD per fraction. Numbers 1, 2 and 3 represent manual, HIPO and IPSA optimization, respectively

T/R 1 2 3 p (1-2) p (1-3) p (2-3)
V100 (cm3) 314 +10.5 29.2 +10.9 354 +15.6 0.587 0.440 0.210
V200 (cm3) 39+23 35+21 3.8+25 0.648 0.945 0.691
V400 (cm3) 0.5+0.6 0.1+0.6 04+04 0.185 0.474 0.185
T/R+N 1 2 3 p (1-2) p (1-3) p (2-3)
V100 (cm3) 357+9.3 28.8+12.4 313+9.2 0.036 0.024 0.343
V200 (cm3) 40+17 27+23 3.0+18 0.115 0.091 0.544
V400 (cm3) 0.5+0.4 0.6 +£0.8 03+0.3 0.599 0.095 0.225

Table 6. Absolute average loading times (mean + st. dev.) of tandem, ring and additional interstitial needles for
T/R and T/R + N patients; these times are sums over all dwell positions in a given part of the implant. Regarding
the needles, the sum is over all dwell positions in all needles together. Maximum needle loading time refers to
one needle in which the sum of all dwell positions was highest compared to other needles loaded in a given
patient. Numbers 1, 2 and 3 represent manual, HIPO and IPSA optimization, respectively

T/R 1 2 3 p (1-2) p (1-3) p (2-3)
Total treatment time (s) 374 + 49 357 £ 63 404 + 92 0.241 0.173 0.038
Ring (s) 206 +48 166 +43 239+71 0.035 0.139 0.028
Tandem (s) 168 + 52 191 + 58 166 + 56 0.164 0.850 0.038
T/R+N 1 2 3 p (1-2) p (1-3) p (2-3)
Total treatment time (s) 403 + 38 351+ 92 396 + 44 0.056 0.459 0.101
Ring (s) 199 + 20 151+ 79 206 + 48 0.105 0.700 0.086
Tandem (s) 144 + 25 170 + 59 122 £39 0.261 0.033 0.065
> needles (s) 60 + 37 31+18 68 +43 0.037 0.465 0.008
Max. needle (s) 32+17 19 +10 42 +25 0.045 0.198 0.006
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Table 7. Results of Paddick’s and COIN conformity index (mean + st. dev.) for T/R and T/R + N applicator.
Numbers 1, 2 and 3 represent manual, HIPO and IPSA optimization, respectively

T/R 1 2 3 p (1-2) p (1-3) p (2-3)
Paddick: PD 0.34 +0.07 0.36 + 0.09 0.31+0.06 0.315 0.208 0.092
Paddick: 2 x PD 0.22 +0.06 0.25+0.08 0.18 £ 0.08 0.409 0.180 0.094
Paddick: 4 x PD 0.04 £ 0.03 0.05+0.03 0.04 £ 0.02 0.560 0.493 0.265
COIN: PD 0.25 +0.07 0.28 +0.10 0.20 + 0.06 0.111 0.112 0.031
T/R+N 1 2 3 p (1-2) p (1-3) p (2-3)
Paddick: PD 0.38 + 0.06 0.44 +0.10 0.39+0.05 0.047 0.187 0.081
Paddick: 2 x PD 0.27 £ 0.04 0.29+0.10 0.19 + 0.06 0.582 0.002 0.007
Paddick: 4 x PD 0.04 + 0.01 0.05 + 0.04 0.03+0.02 0.400 0.028 0.113
COIN: PD 0.25 £ 0.07 0.33+0.15 0.25 £ 0.06 0.074 0.993 0.069

uterus where the tumour is located. It is important to
enable to control a spatial dose distribution of high dose
regions even with automatic optimization tools.

Several papers have been already published about IPSA
but they have not considered this important issue
[13,15,17]. Only Chajon et al. [13] concludes that not only
dose volume constraints for volumes of interest have to be
integrated into the inverse optimization. They mention that
there is a need for additional parameters in order to force
the optimizer to produce more homogeneous dwell time
distribution and to prevent hot spots within the treated
volume. Kim et al. [18] presented a clinical report with
2 years follow up of 51 patients that were planned with
IPSA. The treatment was well tolerated with minimal tox-
icities and good local control. However, they used either
intracavitary [15,16] or the interstitial applicator [17]. Com-
bined applicator was not a part of investigation. And espe-
cially in case of combined intracavitary/interstitial appli-
cator the spatial distribution of high dose regions plays an
important role.

To this end, the department of radiotherapy at the
MUW is aware of the need to conserve the pear-shaped
dose distribution and of avoiding high dose regions in nor-
mal tissue. One publication about the challenging issues
occurring during the inverse planning process and their
possible solutions using HIPO and specific workflows has
already been described in details [14]. The anatomy based
loading patterns, the dwell time gradients, normal tissue
constraints, locking of catheters and different optimization
settings for the intracavitary and the interstitial parts of the
implant are used to fine-tune HIPO algorithm. Including
such parameters enables us to mimic a similar dose distri-
bution to that of a result after manual optimization. Fur-
ther, these parameters create differences in the results
between IPSA and HIPO. With both inverse optimization
algorithms, it was possible to create a treatment plan which
was comparable to manually optimized plan. Note, how-
ever, that only HIPO was able to reduce high dose regions
around interstitial needles. When using HIPO without
these additional tools (dwell time gradient equal to 0, all
parts of implant optimized together, no normal tissue con-
straint, no anatomy based loading patterns) the contribu-
tion from needles, and therefore the presence of high dose
regions was higher.

IPSA seems to work properly and with solid set of
parameters in case of prostate treatments [3-12]. Although
in case of cervical cancer treatment further developments
of optimization with IPSA are necessary. In our set of
patients UCSF constraints [15-17] did not lead to a satis-
factory dose distribution in any patient and we had to find
out our set of constraints. A detailed analysis of patient
cases should be performed in order to find a solid set of
constraints or class solutions to improve the performance
of IPSA optimization.

In order to focus on the distribution of high dose
regions, the absolute volumes of normal tissue receiving
the reference doses were evaluated (Table 5). The only sig-
nificant difference was observed in T/R + N approach for
a volume of PD where HIPO optimization resulted in the
lowest volume. However, this parameter provides no infor-
mation about the location of high dose regions, only about
their size. More relevant parameters are normalized load-
ing times of each part of the implant (Table 6). According
to the number of seconds that a source stays in certain
dwell position it is possible to obtain an estimation how
the dose regions will be distributed along each catheter. In
case of the T/R applicator, there is a significant difference
between IPSA and HIPO in the tandem as well as in the
ring part of the applicator. The total treatment time is sig-
nificantly lower after HIPO optimization compared to
IPSA. The comparison of loading times in case of T/R + N
is more important. Manual treatment planning approach
delivers most of the dose from the T/R applicator while
only about 20-30% of the dose comes from needles [23,27].
Whereas the T/R applicator delivers dose to the cervix and
uterus part of HR CTV, needles are responsible for the high
dose in parametrium part of HR CTV where hot spots
should be avoided. From the dwell time analysis it is clear
to see that treatment plans optimized with HIPO also tend
to cover most of HR CTV with the dose coming from T/R.
The dose from the interstitial needles is low, even lower
than in manually optimized plans. In contrast, IPSA results
in significant overloading of needles. The mean sum of all
absolute dwell times in all needles is higher than in man-
ually optimized plans and more than two times higher
than with HIPO optimized plans. The reason is that IPSA
includes T/R and needles into the calculation at the same
time and with the same weight. In contrast, HIPO enables
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separate optimization of each of the part of an implant. In
this study, for example, T/R was optimized at first and the
needles were included afterwards to cover only the miss-
ing parts of HR CTV. This explains why hot spots, as
shown in Fig. 1, can occur with IPSA. While IPSA is a more
general optimization algorithm, heavily dependent on the
geometry of the structures, HIPO was adapted specifical-
ly for cervical cancer brachytherapy. Some other HIPO fea-
tures, like dwell time gradient restriction and normal tis-
sue objective, enable it to meet clinical requirements more
effectively [14]. However, IPSA can be used for inverse
optimization of intracavitary BT. In this case, it is neces-
sary to introduce additional structures as a help structures,
such as contours around the applicator and sub volumes
of HR CTV both inside and outside the uterus. A constraint
for these structures will suppress high dose areas more
effectively [13]. In our study we have introduced the help
structure around the ring part of the applicator. Without
this help structure, IPSA optimizer reduced the dose com-
ing from the ring and loaded fully the needles because the
ring is not a part of HR CTV in contrast to needles. With
such defined help structure it was possible to achieve more
doses from the ring and consequently reduce the needles
loading.

With the objective to carry out a quantitative evaluation
of dose distribution, two conformity indices were calcu-
lated, Paddick’s and the COIN index. None of these indices
is intended for intracavitary BT because the conformal dose
coverage of target structures due to the steep dose gradi-
ent fall is not possible. However, these quality indices
served as relative parameters to distinguish between alter-
native 3D treatment plans by taking into account the cov-
erage of HR CTV and high doses inside and outside the
target volume.

Paddick’s index is primarily used for stereotactic treat-
ments to accurately describe the conformity of the plan. In
BT, ideal conformal treatments occur very seldom [38]. For
all evaluated reference doses (PD, 2 x PD and 4 x PD),
HIPO had the highest mean value of conformity index for
both implant modalities. It confirms that with HIPO we
can achieve more conformal plans. In case of Paddick index
for 2 x and 4 x PD the volume of a given isodose has to be
also considered. From Table 5 it is apparent that all three
optimization approaches lead to some amount of high dose
regions. Therefore it is desired that the value of Paddick
index is as high as possible because it correspond to the
localization of high dose volume inside of HR CTV. The
significantly low Paddick’s index value for IPSA optimized
plans, especially for reference dose equal to two times pre-
scribed dose, verifies that IPSA is overloading needles and
a big part of the high dose is located in normal tissue.

The same results were obtained with more complex the
COIN index evaluation. The partial indices ¢; and ¢, were
quite close for all treatment optimization modalities.
The ¢; including OARs irradiation was critical. The main
contribution was from the vagina wall which was con-
toured for the reasons of the COIN index calculation.
Although anatomical and/or dosimetric assessment of the
vagina wall is influenced by major uncertainties and there-
fore no dose volume parameters are recommended for

prospective treatment planning [39], the vaginal wall can
be used as a relative parameter to reflect the dose distri-
bution outside of HR CTV, in the immediate vicinity of the
T/R applicator [14].

Conclusions

The analysis of the patients used in this study shows that
HIPO algorithms and its specific implementation into the
Oncentra GYN enables to mimic the manual treatment
planning approach for cervical cancer BT. It produces clin-
ically acceptable treatment plans and enables the reduction
of high dose regions in the immediate vicinity of HR CTV.
The IPSA algorithm is also able to produce dosimetrically
acceptable treatment plans. But in comparison to HIPO it
does not integrate any additional features that would enable
to control spatial dose distribution of high dose regions,
especially to control the loading of interstitial needles. The
appropriate integration of IPSA and the development of
controlling tolls for cervical cancer BT need to be defined.
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