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The study of a rectal dose in cervical carcinoma: High dose rate brachytherapy
calculated based on the ICRU Report 38 Recommendation and Multiple Points
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Abstract

Objective: To compare the rectal dose of high dose rate brachytherapy treatment planning based
on ICRU 38 recommendation and multiple points calculation for evaluating the rectal dose and
maximum point in rectum from brachytherapy treatment planning in Lampang Cancer Hospital.
Method: The high dose rate comparison of rectal dose from two methods was performed in 30
cervical cancer patients with brachytherapy treatment. The statistic analysis was paired t-test.
Results: A rectal dose relative to point A was calculated using reference point defined by
multiple points. The result showed that mean of average maximum value of rectal dose from
multiple reference six points was 60.87+16.97% while average maximum value of rectal dose
calculated from the ICRU 38 was 59.0+15.89%. Position of the maximum rectal dose was 1 cm
upward the reference point of ICRU 38 calculation (43.3%). Comparison of doses calculated by
marking the reference points from two methods showed that maximum dose of multiple point
calculation was higher than that of ICRU 38 calculation significantly (o< 0.009).

Conclusion: A rectal dose calculation using the reference point according to ICRU 38
recommendation suggested only a single point. It may not be the maximum rectal dose point.
Therefore, a multiple point calculation along the length of rectum should be suggested for inform-
ing radiologists to be applied to patients. Bull Chiang Mai Assoc Med Sci 2013; 46(1): 33-39
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Introduction

A Cancer registration of the National Cancer

Institute reported that cervical cancer is the second order
among Thai women cancer follows breast cancer1. Pa-
tients diagnosed with cervical cancer will be planned for
each course of treatment which depends on a stage of
disease. There are three approaches which are surgery,

radiotherapy and chemotherapy. Radiotherapy is an im-

portant one for cancer treatment, especially in the case
with a spreading of cancer which cannot be treated by
surgery. Radiotherapy aims to deliver the maximum dose
of radiation to a local tumor, but protecting a normal tissue
from ray. This will expand the quality of life of patients

who undergo radiation.
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For cervical cancer treatment, external beam
radiotherapy is given to a whole pelvis for inducing primary
tumor shrinkage and sterilization of microscopic disease
within pelvic lymph-node. Therefore, the major organs
(bladder and rectum) are affected and must be taken
into account. They must not be received exceed dose
limit in order to prevent the side effects. An accuracy of
bladder and rectal radiation dose has been introduced
as an important component of medical treatment.

In addition, an intracavitary application of cervical
carcinoma also need an accuracy of the bladder and rectal
doses which are associated with several factors, such as
a variation of position, a reference point of bladder and
rectum. Recently, it is admired to use a reference point
as recommended by ICRU (International Commission on
Radiation Units and Measurements) report 38. However,
in practical, the reference point (the location calculated
follows the rectal ICRU 38) which is believed to be the
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maximum rectal dose location may be discrepant from
the recommendation because of several reasons. First,
the differences of patient’s rectal shape which leads to
an in-corrected applicator positioning. Second, types of
an applicator used. Therefore, the dose calculated by
standard point of reference may not be the maximum

rectal dose.

Materials and methods

This prospective study was performed in 30 cases/
applications using BEBIG Multi-Source high dose rate
brachytherapy treatment unit and its standard applica-
tor set. The 3“ time of brachytherapy of each case was
selected for the study. The prescribed dose was 6-7.5Gy
to point A for each application. Each patient was treated
with radical irradiation (external beam irradiation and HDR
brachytherapy) without hysterectomy. Patients received

external beam irradiation using 6MV or 10MV photons

Eadio-opaque gauze

Figure 1 Rectal reference point recommended in ICRU reported 38

WNARANITUANE » NENTNLNTTA » AanTsNLNTR  S9RnATA 35




Bulletin Chiang Mai Associated Medical Sciences

refer to a dose of 56Gy in 28 fractions over a 6 weeks
period. Of these, the first 40Gy in 20 fractions were given
with open fields and the remaining 16Gy in 8 fractions
were given with a midline block and reduced field. Size
of the field was determined individually according to the
stage and patient anatomy. Brachytherapy part of the
treatment consists of 3-4 HDR weekly fractions of 6-7.5Gy
to point A. The treatment was carried out on MultiSource
HDR which uses Co-60 as a radioactive source. Activity

of the source, about 1.05Ci in all 30 applications was

A
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administered. Standard applicator set consists of a tan-
dem 15° and two ovoid with 20 mm in diameter. Rectal
mucosa was marked using back of the posterior vaginal
wall for 0.5 cm. Posterior vaginal wall was marked by
means of intra-vaginal radio-opaque gauze. Intracavitary
treatment planning was performed on treatment planning
unit MultiSource TPS for each insertion, based on AP
and lateral orthogonal radiographs. Rectal doses were

calculated using 2.2 version of Eckert & Ziegler BEBIG

Figure 3 Intra-cavitary brachytherapy dose distribution
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Gmbh treatment planning software. Rectal reference point
recommended in ICRU 38 is shown in Figure 1.

This study investigated the rectal reference point
as multiple points by adding reference points which are
higher than a recommended point of ICRU 38 for 2 points
(R1, R2) and positions which are lower than recommended
in ICRU 38 for 3 points (R-1, R-2 and R-3) respectively.
A gap between each point is 1cm as shown in Figure 2.
Therefore, there are totally six reference points including
the reference point of ICRU 38 recommendation (RO).

In treatment planning, an assign dwell position in

tandem was activated from the tip to the level of tandem
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flange depending on the length of tandem used step size
0.5cm.  Four dwells were activated within each ovoid.
Out of 30 executed applications, in just one, length of
the tandem was 40-60mm as shown in Figure 3.
Statistical comparison between rectal doses on
an ICRU 38 rectal reference point and a maximum dose
from the reference point of multiple points was done
using paired t-test. Statistical significance was considered
at the level of p<0.05.
Results
The rectal dose shown in percentage normal-

ized to prescribed dose to point A was calculated by

FPosition of rectal refference point
Figure 4 Distribution of maximum dose along rectal position expressed in percentage

Table 1 Rectal dose on multiple reference points and recommended in ICRU 38 calculated by treatment planning

system (shown in percentage normalized to prescribed dose to point A)

Method define reference point % Normalized to prescribed to point A
Standard Deviation
Position Minimum Maximum Average
R2 30.3 97.7 57.75 16.46
R1 31.3 91.3 59.48 16.35
RO 304 88.6 59.00 15.89
Multiple Point | R-1 27.5 80.6 55.27 15.06
R-2 241 66.3 47.96 13.16
R-3 214 54.0 38.28 10.08
average 6 points 28.1 77.2 52.97 13.99
Maximum 6 points 31.4 97.7 60.87 16.97
ICRU reported 38 30.4 88.6 59.00 15.89
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treatment planning. The mean of the average maximum
value of rectal dose from multiple reference six points
was 60.87+ 16.97% whereas the mean of the average
maximum value of rectal dose calculated from the ICRU
38 was 59.0+15.89 as shown in Table 1.

The location of a maximum rectal dose calculated
by treatment planning using multiple reference points was
not as same as a location that ICRU 38 recommended
for 19 cases (63.3%). The location of a maximum rectal
dose of multiple reference point method was higher than
that of ICRU 38 for 2 cm (R2) in 4 cases (13.3%) and
for 1cm (R1) in 13 cases (43.3%), was lower than that
of ICRU 38 for 1cm (R1) and 2cm (R2) in 1 case each
(8.3%). No maximum rectal dose was found lower than
3cm of ICRU 38 recommended point. However, the rectal
maximum dose location of multiple reference points was
identical to ICRU 38 for 11 cases (36%).

These results showed the location of maximum
rectal dose is usually higher than the reference point of
ICRU 38 approximately 1 cm as shown in Figure 4.

An absolute rectal dose received in the Gray (Gy)
and percent normalized to prescribed dose to point A
calculated from treatment planning by defining reference
point recommended in ICRU 38 (which is believed to be
the location where the maximum rectal dose was found)
and by multiple points showed the maximum rectal dose
of the multiple points was tended to be higher than that
of ICRU 38 recommendation. The rectal maximum dose
position of multiple reference points was higher and lower
than that of ICRU38 recommendation point 17 out of 30
cases (56.7%) and 2 out of 30 cases (6.6%), respectively.
The statistic comparison found that the reference point
specify by multiple points was significantly higher than
that set by ICRU 38 (p<0.009). Each of the total 30 cases

was compared and data not shown.

Discussion

A rectal dose obtained from intracavitary brachy-
therapy is important for considering and predicting the
side effects of the treatment. It should not exceed the
dose limit which rectum can be accepted. In this study,

we determined the rectal dose calculated from treatment
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planning by defining a reference point of rectum. The
rectum as a posterior vaginal wall was defined by intra-
vaginal radio-opaque gauze. The marked point was at
the shadow behind the gauze moistened modalities for
0.5 cm. Then, we calculated percentage normalized a
prescribed dose to point A of two methods. The multiple
point method showed the maximum dose in the range
from 31.4-97.7% and the reference point calculated by
ICRU 38 was in the range from 30.4-88.6%. It was higher
and wider than the study of Deshpande et al." They
reported that about 70% of applications, a rectal dose
using rectal marker and calculated by orthogonal radio-
graphs was in range from 40-70% of prescribed dose
to point A.

A position of the maximum rectal dose obtaining
(about 43.3%) was above the reference point recom-
mended by ICRU 38 for 1cm. However, about 11%
of maximum rectal dose position was identically to the
ICRU 38 recommended position. This is consistent to the
study of CetingOz et al.” They reported that the most
exposed region of a rectum is located along the point
of a rectal marker which covers the length from 1.5 to
3 cm. Mostly, the maximum dose point is higher than
that of ICRU 38 point and it is rarely lower than ICRU 38
recommended ® A comparison of rectal doses obtained
from brachytherapy calculated by the standard reference
point recommended in ICRU 38 and by multiple points
was significantly different. A rectal dose calculated by the
multiple points showed a mean of 4.12Gy (60.68% of
the dose point A), whereas the dose measured by ICRU
38 showed a mean of 3.95Gy (569% of the dose point
A). These results were tally with the study of Baucal M
who found that the maximum dose obtained using rectal
marker dose calculation was at 74.3% compared to point
A). It was higher than the dose calculated by the reference
point according to ICRU 38, which was 66.2%.

Currently, they are many ways to specify the
exact position of the rectum. There are also advantages
and disadvantages for each method. For example, the
exact location of the rectum assigning by inserting marker
directly into rectum mostly leads to a lower dose than

the standard ICRU 38 determining method. The reasons
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were, first, inserting marker into the rectum was not
close to the front wall of the rectum and second, a rec-
tum is a hollow structure.” In 2002, Baucal M and his
colleagues designed equipment which looks like a balloon.
They inserted it into rectum followed by air spraying into
an inflatable air bag for fitting the size of rectum. They
found that the rectal dose was higher than that of ICRU
38 point determination. Another method, which injecting a
contrast medium into rectum, made patients felt uncom-
fortable and it is complicated for implanter. Moreover, a
rectal dose measured by placing rectal probe directly to
rectum was lower than that of ICRU 38 recommended
for 1.5 times. This error may occur because of a shifting
of rectal probe and the probe position is not close to
a rectal wall.” In 1993, Schoeppel SL examined that a
maximum rectal dose of dose — volume histogram (5cc)
obtained by CT planning was 1.6 times higher than that
predicted by ICRU method.®

From all of results, a rectal dose calculation
is important for evaluating patient complication. The
radiation dose is associated with the complications in

patients. Therefore, it should be evaluated and followed
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up to provide information for radiologist decision and
treatment. Moreover, this study showed that the rectal
reference point according to ICRU 38 recommendation
(single point) may not reflect the maximum rectal dose
received. Thus, the defining of the maximum rectal dose
by multiple points must be determined along the length
of the rectum. To specify a rectal location by this method,
radiograph has to be clear in defining the extent of the
vagina back wall. Thick body of patient can make unclear
boundaries. Recently, there are approaches to determine
the rectal dose, such as marker insertion directly into
the rectum and 3D dose calculation using computerized
tomography images. Each method has both advantages
and disadvantages. However, our method is a simple one,

saving time and easy to use in a daily clinical practice.
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