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The sigmoid colon and bladder shielding in whole
pelvic irradiation at prostate cancer (forward planned
IMRT from Institute of Oncology Ljubljana)
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Background. The whole pelvic irradiation (WPI) is again gaining the important role in radiotherapy of
prostate cancer. With the conformal irradiation of the large fields that are covering the pelvic nodes, the
extra damage is done to sigmoid colon and urinary bladder. Sparing the region between the iliac nodes is
necessary since the dose delivered to the organs at risk that are partly included in the mentioned area (the
sigmoid colon and bladder) can be importantly reduced.

Methods. We are presenting a possible way of shielding the central region between iliac nodes that does
not need to be irradiated. Dose volume histograms of standard box technique and technique with additional
central shielding of sigmoid colon and urinary bladder in WPI are compared in 10 patients.

Results. Applying the described shielding technique 30 to 45 % or in some cases even up to 55% of the
sigmoid colon that would with standard box technique be irradiated at doses from 30 to 50 Gy is spared,
and also around 10% of the bladder that would receive 45-55 Gy is spared.

Conclusions. In the whole pelvic irradiation (WPI) in prostate radiotherapy the sparing of the region be-
tween the iliac nodes is crucial since it allows the dose delivered to the sigmoid colon to be reduced to the
recommended restrictions. Since the sigmoid colon benefits most from described shielding, the technique is
addressed as the Sigmoid Colon Shielding (SCS). The SCS technique is in use at our department at Institute
of Oncology in Ljubljana.
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The whole pelvic irradiation (WPI) is again
gaining the important role in radiotherapy
of prostate cancer.? The radiotherapy for
locally advanced and high risk localized
prostate tumour at our department consists
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of the treatment of three planning target
volumes (PTV1, PTV2 and PTV3) irradiated
in 42 fractions (28 + 5 + 9) of 180 cGy.

PTV1 represents the WPI that is irradi-
ated up to 50.4 Gy. PTV1 includes prostate,
seminal vesicles and nodes with specific
margins.

Gross target volume (GTV) = prostate

Clinical target volume 1 (CTV1) = GTV+
CTV seminal vesicles + CTV Nodes

PTV1= (GTV + Pmargin) + (CTV sv +
svmargin) + (CTV N + Nmargin)

Nodes that are included in CTV N are pel-
vic nodes in the region of iliacae communis,
nodes around iliacae externe and interne in
the length of 7 to 8 cm from iliac vessels
bifurcation and nodes around aortic bifur-
cation. Perirectal nodes are not included in
CTV N due to the otherwise unacceptable
toxicity on rectum.>* To lower the dose on
rectum and sigmoid colon and due to the
low incidence of the appearance in the ar-
ea,’® presacral nodes are not entirely includ-
ed in CTV N. Margins of PTV1 are uniform
lcm, but are also reduced when necessary
in order to attain the treatment plan that re-
spects the restrictions on rectum.

PTV2 and PTV3 represent the boost on
the seminal vesicles and prostate. PTV2
that includes prostate with seminal vesicles
is irradiated up to 59.4 Gy and PTV3 which
is boost on prostate alone and is finally ir-
radiated up to 75.6 Gy. The boost treatment
delivery is image guided. Prior to the treat-
ment planning three golden markers are
implanted in the patient’s prostate, and the
boost treatment fields of PTV2 and PTV3
are positioned according to the marker lo-
cations. Due to the image guiding the dor-
sal prostate margins (pBmargin) in PTV2
and PTV3 are shrunk to 7mm.

CTV2=GTV +CTV sv

PTV2 = (GTV + pemargin) + (CTV sv +
svmargin)

CTV3=GTV

PTV3= (GTV + pemargin)

With treatment planning we are trying to
spare organs at risk (OR) and tend to assure
the restrictions on OR. With the restrictions
we are applying the irradiation toxicity on
OR are still acceptable:3*

Rectum: V50<64%, V60<45%, V70<25%,
Dmean<45 Gy,

Anus: V55<16%,
40Gy.

In our experience, we found out that
those restrictions could not be achieved
when perirectal nodes were included in
CTV N. Cost - benefit calculation lead us
to the solution to exclude perirectal nodes
from CTV N.

For sigmoid colon we aim to apply the
same restrictions that are in use for rec-
tum.5”

We are also respecting that more than
half of urinary bladder should not receive
doses higher than 70 Gy (V70<50%). Since
the stricter dose constraints on bladder,
that prevent G1 and G2 toxicity,3° cannot
be respected, applying WPI, the chosen re-
strictions are set to prevent G3 toxicity.

We are checking also the dose on hips
and penile bulb, but we are not altering the
treatment due to the high doses on hips and
penile bulb.

The planning target volumes PTV1, PTV2
and PTV3 are required to be enclosed in
95% isodose relative to the prescribed dose.
The maximal dose should not exceed 107%
of the prescribed dose.

V60<5%, Dmean<

The treatment plan

With the conformal irradiation with box
technique (4 fields of gantries: 0°, 90°,
180°, 270°) and smaller fields of men-
tioned gantries (forward planned IMRT),
the dose is delivered to the large volume
PTV1. The smaller fields added in order to
homogenize the delivered dose, ' are usu-
ally applied in the region of prostate, where
the dose delivered with the bigger fields
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® sigmoid

colon

Figure 1. The sigmoid colon shielding (SCS) technique. The classical box technique consists of the four fields of

gantries: 0°, 90°, 180° and 270°, shaped to the planning target volume (PTV) (a). The fields are named according
their gantries. In SCS technique the box technique is altered so the central part that is not included in the PTV1
can be shielded. In SCS the irradiation gantries remain the same as with classical box technique. In order to shield
the central part fields 0° and 180° have to be split through the region of shielding. Right and left contributions
to the irradiation from 0° are presented on b and ¢, whereas e and f present the right and left contributions from
180°. Presented fields 0° and 180° are off centre split (0°: 0.5 cm to the left from the isocentre, 180°: 0.5cm to the
right from the isocentre). The collimator is set to 0°, so the MLC can slide in the region that needs to be shielded.
The outer margins of the fields remain the same as the ones the primary field. The part of sigmoid colon (yellow)
in the shielded region is spared. Lateral irradiation remain intact, major fields 270° and 90° (d, g), as well as the

small fields that homogenize the dose distribution 270°m and 90°m (h and i).

is not sufficient, due to the bony anatomy
and due to the patient’s shape. With the
dose delivered to the large fields of PTV1,
the dose is delivered also to the region be-
tween the iliac nodes that does not need to
be irradiated. Keep at box technique, the
dose delivered to the region between iliac
nodes, that is not included in PTV1 could
be reduced, by shielding pieces of the large
fields from 0" and 180°.

Considering the uniform dose delivery
from all four sides of the box, the dose to

Radiol Oncol 2009; 43(1): 56-64.

the shielded region can be lowered for 50%.
Since, as we are describing later on, the sig-
moid colon benefits most from such shield-
ing, the described technique is addressed
as the Sigmoid Colon Shielding (SCS). It is
important to pay attention on sigmoid colon
since it appears that dose on sigmoid colon
is co-responsible for lower intestinal toxic-
ity.” At our department we achieve the SCS
in different ways: with individual shielding
blocks or with the “off centre field split-
ting”. All the changes required for SCS re-
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Table 1. The average DVH parameters for sigmoid colon and bladder. The average DVH parameters with
corresponding standard deviations are presented for sigmoid colon and bladder. For the every patient the DVH
parameters were calculated for BOX and for SCS technique as well as for the difference between techniques (BOX
- SCS). The average DVH parameters and corresponding standard deviations were calculated from 10 consecutive
patients. Even though the number of patients is small the clear advantage of the SCS technique is visible from the
comparison of the DVH parameters. The beneficial DVH parameters changes that are higher than the standard
deviations are indicated with yellow.

Organ& technique V30 V35 V40 V45 V50 V55 V60 Dmean
[%] [%] [%] [%] [%] [%] [%] [Gyl
sigmoid colon 90.2 86.36 82.61 78.61 72.66 9.54 4.36 47.97
BOX +16.67 |+17.35 |+1751 |+1765 |+1791 |[+9.44 |+497 |+555
sigmoid colon 78.23 59.69 48.49 39.94 27.23 4.51 1.94 38.9
SCS +15.65 |+17.62 |+14.13 |+14.20 |+13.19 |[+4.72 |+2.03 |+4.09
sigmoid colon difference |11,98 26.67 34.12 38.67 45.43 5.03 2.42 9.08
(BOX- SCS) £10,62 |£16.74 [+£1591 |[+£16.69 |+1732 |£4.95 |£3.20 |*3.44
bladder 98.90 98.52 98.22 96.78 94.92 82.26 64.89 64.47
BOX +3.11 +4.18 +5.05 |+559 |+657 |+1533 |+£1723 |+4.74
bladder 98.18 94.74 91.22 86.36 80.71 7217 60.94 61.67
SCS +4.06 |[+7.72 +948 |+11.43 |+12.83 |+15.03 |+17.28 |+5.97
bladder 0.72 3.79 7.00 10.41 14.21 10.10 3.95 2.8
difference (BOX- SCS) +1.18 +6.06 |+759 +893 |+£1019 |+5.64 |+£277 |£1.98

fer to the big fields of gantries 0° and 180°,
whereas, the small fields as well as fields
from other directions remain unchanged.

Methods

The SCS with individual shielding blocks

The region between iliac nodes, not includ-
ed in PTV1, can be shielded from 0° and
180° with individual shielding blocks. The
shielding blocks for both fields are made
according to the PTVI1. Eight cm thick
shielding blocks are made of Wood alloy.
At our department we are using the indi-
vidual shielding blocks at Elekta Synergy
Platform linear accelerator.

The SCS with the off centre fields
splitting

Shielding can be preformed also with mul-
ti-leaf collimator (MLC) as presented in the

Figure 1. At our department the majority
of the patients with locally advanced and
high risk localized prostate tumour are
scheduled to be treated at linear accelerator
Varian 2100 CD, where individual shield-
ing blocks are not in use, and, therefore,
we need to perform SCS with multi-leaf
collimator.

In order to shield the part in the middle
of the field, the fields have to be split across
the region of shielding. The collimator of
the field should be turned so the MLC-s can
slide perpendicular to the field cut. Pre-opti-
mized conformly shaped 0° and 180° fields
are duplicated and shaped in the left and
the right part. The outer margins of the du-
plicated fields remain unchanged, but the
margins at left - right junctions have to be
shaped according to the PTV1 as presented
in the Figure 1. After the shaping, the irra-
diation times of left and right parts are set
to the same optimal irradiation time.

In case the fields are split in two parts
through the centre (half beam blocks - HBB),

Radiol Oncol 2009; 43(1): 56-64.
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Figure 2. Cumulative dose volume histograms (DVH) for sigmoid colon and bladder for box alone and sigmoid
colon shielding (SCS) technique. The dose on sigmoid colon and bladder in high risk prostate cancer irradiation
were evaluated with the DVH. The cumulative DVH for box alone and for SCS technique were analyzed in 10 cases.
In every single case, both sigmoid colon and bladder were spared with SCS. The figure presents the average DVH
for sigmoid colon and bladder for both techniques. The arrows indicate the dose reduction on the parts of organs

when applying SCS.

both beams 0° and 180° are split in the
same central plane. In such case fields from
both directions (0° and 180°) contribute to
the potential cold or hot spots at the field
junction plane. Therefore, we are proposing
the “off centre field splitting”. The experience
shows that 0.5 cm off centre splitting can
still support the appropriate shielding of
the part not included in PTV1. The split for
the two fields (0° and 180°) should be at left
and right to the central line, so thereis a1
cm gap between the 0 and 180 split planes.
With this kind of splitting the cold and hot
spots are blurred compared to the splitting
in the one plane since the contribution to
the cold and hot spots at split planes arises
from one side only. Therefore, the possible
inaccuracy in delivered dose is lowered.

Radiol Oncol 2009; 43(1): 56-64.

The evaluation of the SCS

The SCS technique was evaluated in group
of 10 consecutive patients that received
radical radiotherapy treatment for locally
advanced and high risk localized prostate
tumour. To plan the treatment, CT images
were taken with Philips MX 8000 and used
with CMS XIO planning system. In all
patients both treatment techniques were
planned: box alone and SCS. The tech-
niques were evaluated with dose volume
histograms (DVH) comparison. We were
checking and comparing the PTV cover-
age and organs at risk exposure (rectum,
anus, sigmoid colon, bladder, penile bulb,
acetabulum, small intestine). The detailed
analysis was carried out for sigmoid colon
and bladder, since in all the cases the dif-
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Figure 3. The average difference in cumulative DVH for sigmoid colon between box alone and SCS. Using the
SCS technique at WPI of high risk prostate irradiation the inclusion of the sigmoid colon the irradiation region is
reduced. Around 30-40% of the whole sigmoid colon that would be irradiated with 35 to 50 Gy with box technique

is spared with sigmoid colon shielding.

ference in DVH was the greatest for the two
organs. The differences in V10, V20, V30,
V35, V40, V45, V50, V55, V60, V70 and in
mean dose for sigmoid colon and for blad-
der were calculated for every patient for
box alone and SCS technique. Since the
number of patients is still small only the
average difference in DVH parameters and
their standard deviation is presented and
commented.

Results

Applying the Sigmoid Colon Shielding
(SCS) technique in the WPI the dose to sig-
moid colon and bladder is importantly re-
duced, at the unchanged coverage of PTV.

Since the WPI represents two thirds of the
radiotherapy for locally advanced and high
risk localized prostate tumour, any changes
that are introduced in planning WPI ex-
press notably in the cumulative treatment
plan. The comparison of the average DVH
of box alone and SCS technique is present-
ed in the Figure 2 and Table 1.

The general idea of the average DVH,
presented in the Figure 2 and Table 1,
holds also for every single case observed.
As can be seen from DVH comparison, ap-
plying SCS a part of the sigmoid colon and
bladder can be spared. The most obvious
is saving of the part of the sigmoid colon
that would receive 35Gy to 50Gy with box-
alone, whereas there is almost no differ-
ence in the irradiation of the parts of sig-

Radiol Oncol 2009; 43(1): 56-64.
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Figure 4. The average difference in cumulative DVH for bladder between box alone and SCS. Around 10% of the
bladder that would be irradiated with 45 to 55 Gy with box alone is spared applying SCS technique. Although,
compared to the sigmoid colon) the smaller part of the bladder is spared, the higher doses are lowered.

moid colon with smaller or higher doses.
The bladder sparing is not as obviously
expressed than the sigmoid colon spar-
ing, but the proportion of the bladder that
would receive higher doses is reduced.
Since the parts of the sigmoid colon and
bladder that are not shielded are in SCS
technique are irradiated the same way as
with box alone, the shift of DVH curves
holds also the relevant information of
the dose reduction on sigmoid colon and
bladder due to the shielded region sparing
(indicated with arrows in Figure 2). The
average dose reduction on the majority
(70%) of the sigmoid colon reduction can
be almost 20 Gy (from 50 Gy to almost 30
Gy). Applying SCS 90 % of the bladder
can be irradiated with approximately 10
Gy smaller doses (dose is reduced from 55

Radiol Oncol 2009; 43(1): 56-64.

Gy to 45 Gy), as can be seen following the
black arrow.

Figure 3 presents the average difference
in DVH of sigmoid colon between box alone
and SCS technique. Form 30 to 45 % or in
some cases even up to 55% of the sigmoid
colon irradiated at doses from 35 to 50 Gy
is spared applying SCS. The average spar-
ing of the sigmoid colon is in spite of small
patient number (10) significant, even 2.5
times as big as the standard deviation.

With SCS technique also bladder is
spared. The benefit for the bladder can be
seen in Figure 4, that presents the average
difference in DVH for bladder between box
alone and SCS technique, can be seen that
around 10% of the bladder that receives 45-
55 Gy with box alone can be spared with
SCS technique.
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It was also observed in DVH that small
intestine does a bit better with SCS, but the
detailed analysis was not preformed.

Discussion

Applying the SCS technique instead box
alone in WPI the sigmoid colon and blad-
der can be spared at the unchanged PTV
coverage. We assume that with the de-
creased dose on organs at risk also the
toxicity of the irradiation is reduced.”? We
tend to prepare the report on lowered toxic-
ity due to SCS implementation.

We have in mind that in order to compare
dose volume histograms resulting from dif-
ferent applied techniques one has to be ex-
tremely careful, since completely different
techniques can arise in same DVH. In our
cases we are confident to compare DVH,
since we keep in mind that most of the
technique and therefore the dose delivered
to the majority of the irradiated volume re-
mained unchanged, and all the differences
in DVH arise from the shielding part. We
are presenting the average difference in
DVH between the SCS technique and box
alone, but also, in every single case, there
was a beneficial difference observed in
favour of SCS technique. The beneficial
changes in DVH were, dependent on the
patient anatomy, expressed in the different
parts of the DVH. This was leading to the
higher standard deviation of the average
DVH difference. With higher number of
patients, we expect that the difference be-
tween techniques would be more accurately
expressed and therefore the presented ben-
efit of applying the SCS technique would be
greater than presented.

We also tend to improve the bladder
sparing. Our current advices to the patients
lead us to the bladders of volumes around
100 cm3. We assume that with bladders
filled up to 200 cm? the dose on bladder de-
crease.® Combined with SCS technique the
dose decrease would be even more impor-
tant. Therefore, we are preparing to change
our current advice to patient to result in
bladders of volumes around 200 cm®.

Conclusions

Sparing the region between the iliac nodes
is beneficial since the dose delivered to the
organs at risk that are partly included in
the mentioned area (the sigmoid colon, and
bladder) can be importantly reduced. In
our analysis we evaluated the reduction of
the dose delivered to the sigmoid colon and
bladder with the implementation of the SCS
technique. Even with the small number of
analysed cases, at the unchanged PTV cov-
erage, the dose reduction on OR is evident.
Due to the dose reduction on the organs at
risk, the reduction of the irradiation toxic-
ity is also expected. Therefore, the toxicity
will be monitored and reported later on.
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