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ABSTRACT

Introduction: The aim of this study was to determine the dose-volume histogram (DVH) constrains of
conventional and conformal transcutaneous radiotherapy for small intestine and perform their compari-
son.

Methods: This retrospective-prospective study included patients who were treated for endometrial cancer
using conventional transcutaneous radiotherapy at the Department of Radiotherapy Clinic of Oncology,
Hematology and Radiotherapy, University Clinical Center Tuzla in the period from 2009 to 2011. The study
was performed on patients of all ages suffering from this condition. The study involved 35 patients. DVH
parameters which were analyzed are: minimum dose (D, ), maximum dose (D__), medium dose (D, ) of
the small intestine, as well as the volume of the small intestine, which is included in 75%, 95% and 100%
dose (Vy; sep Vas 756y Vase,) €XPressed in percentages and cubic centimeters of the affected organ. Working
hypothesis was tested with paired t test. The difference between the variables at the level of p <0.05 was
considered statistically significant.

Results: DVH constrains of transcutaneous conformal radiotherapy showed significantly smaller dose
contribution on small intestine than DVH parameters of conventional transcutaneous radiotherapy (p
<0.0001).

Conclusion: The dose contribution on small intestine was significantly lower by planning three-dimen-
sional conformal transcutaneous radiotherapy in comparison to the conventional planning.
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cause the results of a combination of surgical treat-
ment and radiotherapy are often better than surgical
treatment only (2). Indications for use of radiother-
apy depend on the type and the degree of malignant
disease spread, the clinical condition of the patient
and the use of other therapeutic modalities (3). Ra-
diation planning includes the possibility of objective
quantification of basic planning procedures, which
require the application of methods, which in the
process of creating treatment plan, take into account
the requirements and expectations of radiotherapists
and physicists, the definition of anatomical struc-
tures on the basis of patient series CT / MR images,
and interactive / or automated optimization desired
combination of air beams for better dose distribu-
tion, the possibility of checking the reliability of the
data entered, ensuring reproducibility and precision
radiation therapy of patients under the same condi-
tions as prescribed by the given plan. Conventional
treatment is based on radiation with two to four co-
planar air fields, whose parameters are determined
by standard simulation scopy until the estimation
of isodose distribution is performed on the basis of
body contours and organic structures on one "refer-
ence” CT section. 2D radiotherapy planning is still
a standard that is applied in a number of radiother-
apy institutions in addition to its limits and disad-
vantages. The belief that technological advances in
medicine must lead to improved quality and results
of treatment, can sometimes lead to compromis-
ing the particular method. Accordingly, the present
opinion is that we are planning and implementing
3D conformal radiotherapy closer to achieving max-
imum basic objectives of radiotherapy (application
of cancercid dose of radiation on the tumor with the
maximum preservation of the surrounding healthy
tissue), but also the opinion that the use of such
expensive and sophisticated technology allows only
informative view of anatomical structures of inter-
est which does not result in improving the quality
of planning and implementation of radiotherapy
in total (4). Quantitative evaluation of planning
of transcutaneous radiotherapy using dose—volume
histogram (DVH) is the basis for the selection of the
optimal radiotherapy plan in order for tumor to re-
ceive the optimal dose sparing surrounding healthy
tissue. The DVH is used to display the dose distri-
bution. It is particularly useful in the evaluation of
dose distribution in case we have more radiotherapy
plans. DVH shows a complete dose distribution in
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radiated area, i.e. the amount of dose that is deliv-
ered to the target volume and organs at risk (5). The
aim of this study is to determine the DVH param-
eters of conventional and conformal transcutaneous
radiotherapy for small intestine, and make a com-
parison of these parameters.

METHODS

Patients

In this retrospective-prospective study patients were
treated for endometrial cancer using conventional
transcutaneous radiotherapy. All patients were treat-
ed at the Department of Radiotherapy Clinic of
Oncology, Hematology and Radiotherapy, Univer-
sity Clinical Center Tuzla in the period from 2009
to 2011. The study was performed on patients of
all ages suffering from this condition. The study in-
volved 35 patients. The control group consisted of
plans for patients treated with conventional trans-
cutaneous radiotherapy. Three-dimensional confor-
mal radiotherapy planning was made for the same
patients, and these plans were also included in the
experimental group. Including factors: patients suf-
fering from endometrial carcinoma treated with
conventional transcutaneous radiotherapy. Exclud-
ing factors were: patients suffering from endome-
trial cancer who were not treated with conventional
transcutaneous radiotherapy. Data on patients treat-
ed for endometrial cancer are taken from ImpacMo-
saiq software system for storing data in radiotherapy.
Planning a three-dimensional conformal radiother-
apy was performed on the FOCAL and Xio plan-
ning system for radiotherapy on which planning was
previously done for conventional transcutaneous ra-

diotherapy.

Procedures

Patients in the control group were treated using con-
ventional transcutaneous radiotherapy technique
with AP / PA pelvic fields. At the same CT topo-
grams, on which the conventional radiotherapy was
planned, 3D conformal radiotherapy planning was
done which formed working group. 3D plan consid-
ered contouring the target volume and organs at risk
(bladder, rectum and small intestine). It showed up
in FOCAL system for planning radiotherapy. De-
lineation of the rectum, bladder and small intestine
was performed on each CT section for rectum at 1
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TABLE 1. DVH parameters for small intestine in conventional and conformal technique of irradiation

DVH parameters for Conventional plans (35 patients)

Conformal plans (35 patients)

small intestine mean (o) Mean range mean (o) Mean range P
D. 0,84 (0,36) 0,83 (0-1,89) 2,67(1,40) 2,35 (0,92 - 6,55) <0.0001
D 49,06 (1,32) 48,96 (47,05-54,19) 47,97(0,94) 47,83 (46,08-50,01) <0.0001
D, 40,35 (3,90) 40,31 (27,21-48,30) 35,77(3,87) 36,09 (26,37-43,52) <0.0001
[/ — 83,57(8,76) 83,89 (54,38-96,14) 56,58 (15,41) 55,72 (15,46-93,51) <0.0001
V7560 79,5 (9,12) 80,31 (51,29-95,14) 41,74 (14,77) 40,67 (7,79 - 80,59) <0.0001
Vea 64,11(12,48) 64,22 (37,69-93,44)  30,20(15,97) 30,77  (0,15-71,07) <0.0001
Voo e (€M) 638,19(183,82) 627,21  (338,08-1082,1) 421,81(143,6) 419,13 (180,11-840,49) <0.0001
V p7e6,(€m?) 606,41(174,07) 596,79 (325,71-1016,18) 311,64(126,85) 309,84  (90,64-630,85) <0.0001
Vg, cm?) 491,6(166,84) 474,28  (214,52-785,74) 224,74(124,05) 194,62  (0,87-569,47) <0.0001

Legend: mean - average mean
0 - standard deviation

cm from the anus all the way to the rectosigmoidal
crossing of the entire thickness of the wall of organ,
bladder outer contour of the entire volume of or-
gans, and the outer contour of the small intestine
volume in organs that are in the field of radiation
(1). Then, DVH for conventional plans was cal-
culated on the Xio system for calculating the dose
distributions and the obtained parameters consisted
the control group. The amount of transcutaneous
dose that organs at risk received based on planning
for conventional transcutaneous radiotherapy was
examined. For the same patients, after the organs
at risk were contoured the target volume was con-
toured, too. The target volume included clinical
target volume (CTV) and planning target volume
(PTV). CTV covered dock uterine, vaginal scar, and
regional lymph nodes, depending on the seat of
primary tumor and N stage. CTV was shown as a
margin of 7 mm around vascular structures. Then,
on 10 mm around the CTV, PTV that represents
the safety margin in which the error during patient
repositioning and physiological organ motion (6)
was included, was shown. The geometry of new
conformal fields was determined and three-dimen-
sional dose distribution was calculated on Xio sys-
tem. New dose-volume histograms for organs at risk
were calculated for conformal plans. We examined
the amount of transcutaneous dose organs at risk
received by planning based on the plan for three-
dimensional transcutaneous radiotherapy. From
DVH parameters, the following were analyzed: the
minimum dose (D__ ), maximum dose (D__), mean
dose (D_ ) organs of the risks, as well as the volume
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of organs at risks included in 75%, 95% and 100%
dose (v33,75Gy’ V4z,7s<;y’
ages and cubic centimeters of the affected organs.

V45Gy) expressed in percent-
Statistical Analysis

In the descriptive analysis, we used the arithmetic
mean as a complete mean and a median as position-
al average. Also, along with the arithmetic mean, it
was necessary to calculate the absolute measure of
dispersion, which we presented as a standard devia-
tion in order to evaluate the average deviation of a
numerical characteristic of their arithmetic mean.
Numerical range of features from minimum to max-
imum is shown along with the median. Working
hypothesis was tested with paired t test in order to
compare the DVH parameters organs at risk among
treated groups. The difference between the variables
at the level of p <0.05 was considered statistically
significant. ArcusQuickstat Statistical software (ver-
sion 1.0.0.88, Medical Computing.) was used for
data analysis.

RESULTS

In this study, DVH parameter plans for radiation
for 35 patients suffering from endometrial cancer,
who were treated with conventional transcutaneous
radiotherapy at the Department of Radiotherapy
Clinic for Oncology, Hematology and Radiotherapy
in the period from 2009 to 2011 were monitored.
The analyzed DVH parameters for small intestine
for 35conventional and 35 conformal radiation
plans are shown in Table 1.
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DVH parameters for transcutaneous conformal
radiotherapy show significantly smaller contribu-
tion dose on small intestine than DVH parameters
for conventional transcutaneous radiotherapy (p
<0.0001). Analysis of the results showed that the
D_. is significantly lower when using convention-
al techniques of radiation (0.84 Gyvs2.67 Gy, p
<0.0001). Comparing the values of the parameters
for D a statistically significant lower dose can be
seen if conformal radiotherapy technique is applied

(47.97 Gy versus 49.06 Gy, p <0.0001).

Comparing conventional and conformal radiation
technique, it was observed that D__. significantly
smaller when using conformal radiation techniques
(35.77 Gy versus 40.35 Gy, p <0.0001). Analyzing
the DVH parameters for conventional and confor-
mal radiation technique it is proven that the volume
of small intestine covered by 75% dose (v33,75Gy) is
statistically significantly lower if using conformal
techniques (56.58% versus 83.57%, p <0.0001).

Comparison of values for the volume of the small
intestine which is covered by 95% of the dose
v,
tine is significantly smaller if using conformal radia-
tion techniques (41.74% versus 79.5%, p <0.0001
). Volume of the small intestine which is covered by
100% of the dose (V45Gy) was significantly smaller if
using conformal radiation techniques (30.2% versus

64.11%, p <0.0001).

The results for the volume of the small intestine

which is covered by the 75% of the dose (V.

33,75Gy)
, what is expressed in cubic centimeters, show that

275Gy) showed that this volume of the small intes-

this volume of the small intestine is significantly
lower when using conformal radiation techniques
(421.81cm?® versus 638.19 cm?® p <0.0001). Com-
paring the results for the volumes of small intestine
covered by 95% and 100% of the dose (V,, .
and V45Gy), which in this case are expressed in cubic
centimeters, show that both of the above volumes
are significantly lower if using conformal radia-
tion techniques (311.64cm® versus 606.41 cm?, p

<0.0001; 224.74 cm® vs. 491.6cm?, p <0.0001).

DISCUSSION

Adjuvant radiotherapy is an important factor for
loco regional control of endometrial cancer. Howev-
er, applying a therapeutic dose to the target volume
is limited by threshold of radio sensibility surround-
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ing healthy tissue and organs. Therefore, modern
radiotherapy gives special attention to the doses re-
ceived by the volume of risk organs (small intestine,
bladder, colon), so as to reduce the risk of post radia-
tion complications to minimum. For each organ at
risk there is a maximum dose that organ may receive
in the course of radiation treatment. For the small
intestine it is recommended that the volume receiv-

ing 45 Gy (V,._.,) should be less than 195cm? (7).

45GY’

This study compared the conventional and confor-
mal radiation technique following and comparing
DVH of these techniques. Our results show that
the contribution of dose to the small intestine was
significantly lower if conformal radiotherapy tech-
nique is applied in comparison to the conventional
one. Maximum and mean dose (D__and D__) for
the small intestine were significantly smaller if con-
formal radiotherapy technique is applied. The only
parameter that was significantly smaller when the
conventional techniques was used, was D_. . Con-
formal techniques from multiple fields provide bet-
ter coverage of therapeutic dose with target volume
and better sparing of organs at risk from high doses
of radiation. However, a bigger number of fields
give a stronger minimum dose to a larger volume
of surrounding organs (such as the small intestine).
The volumes of the small intestine that are covered
by 75%, 95% and 100% dose were significantly
lower when conformal techniques were used. The
reason for this is because 3D planning gets a com-
plete presentation of tumor volume and surround-
ing structures, based on which the optimum angle
of the air burst and the shape of air field are deter-
mined, which ensures maximum possible exclusion
of organs at risk from the air volume, which again
significantly reduces the volume of organs at risk
covered by transcutaneous radiotherapy dose.

In the study Heron et al.(8) compared 3D confor-
mal radiotherapy techniques with other radiation
techniques in which DVH parameters for plans
were monitored and compared. Particular attention
was focused on the volume of organs at risk that re-
ceived 30 Gy (V,

at risk that receivec{v 45 Gy (V45Gy). V30Gy for small in-
testine was 30.3%.These results compared with the
results of our study show that the percentage of the

) as well as the volume of organs

small intestine is far greater. V., in the previously

mentioned study for small intestine was 10%. V.

30Gy
and V., in our study are slightly higher, which can

G;
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be explained by the fact that the CT simulation in
the preceding study conducted in pronation and us-
ing belly board immobilization, so that most guts
taken out of the target volume. In their study the
way of delineation of the small intestine in terms of
the volume that is being analyzed was not explained.
In this study, the small intestine was delineated 1
cm above the PTV. In case a larger volume was de-
lineated in their study, of course the result obtained
was that a smaller volume of small intestine receives
30 and 45 Gy. Also, in the above mentioned study it
is not explained whether the delineation of the small
intestine was done in a way to delineate the entire
volume with associated abdominal cavity or only at
intersections visible walls of the small intestine.

Guo et al. (9) published an article in which they
compared the DVH parameters of three different
planning techniques (conventional, conformal and
IMRT). Special attention is given to the volume of
the small intestine which is covered by 100% dose
(V45Gy). For the small intestine, the conventional
plan \QSGy was 24%, while for the conformal plan
it was 20%. In our study V.,
tional as well as conformal plans in comparison to
the results of the mentioned study. The reason for
this difference lies in the fact that the mentioned

conformal technique was done by using box-tech-

is higher for conven-

nique which thanks to side fields gives a minor con-
tribution to the organs at risk. Nadeau et al. (10)
compared the conventional planning with other ra-
diation techniques. And here is a special emphasis
on the volume of organs at risk which were covered
by 100% dose (V45Gy). The mean V%Gy to the small
intestine in the case of conventional plans amount-
ed 45.9%. The results obtained and the reasons why
they differ from the results of this study can be ex-
plained in the same way as the results of the previous

studies by Guo et al.

Very similar results were obtained in the study by
Roeske et al (11) when, in their study, they com-
pared the DVH parameters of conventional radio-
therapy techniques with other radiation techniques.
From DVH parameters for the organs at risk the
volume of organ receiving 30, 40 and 45 Gy (Vsoc; »
Ve, and Vo) was observed, as well as the macxi-
mum dose on the organ at risk. V, . for the small
intestine was 49.8 + 11.6%. V. for the small
intestine was 40.7 + 10.9%. and V,_. was 33.8 +
10.3%. D__ for the small intestine was 50Gy. The

45G
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results of V.,

Ve, and V. for the small intes-
sy 5Gy
tine were higher in our study in comparison to the

aforementioned study.

Parameters for 3D conformal radiotherapy of pa-
tients with endometrial cancer compared with other
techniques were followed in the study conducted
by Jidong Lian et al. (12). Dose contribution to
the small intestine in our study is much lower in
comparison to the mentioned study, which can be
explained by the way of delineating the small intes-
tine. In the aforementioned study as a "gut" they
delineated the entire peritoneal cavity except liver
and spleen, which significantly increased the total
volume of the small intestine. Yang et al. (13,14)
compared the three-dimensional conformal radio-
therapy techniques with other radiation techniques.
The results of our studies for the small intestine are
quite similar to the results in this study.

In conclusion, there is a significantly smaller dose
contribution on small intestine by planning based
on three-dimensional conformal radiotherapy in
comparison to conventional planning. This study
opens the way for further research in terms of re-
search of inter and intra observation variations for
delineation of target volume and organs at risk, er-
rors in planning, errors in repositioning during the
implementation of transcutaneous radiotherapy.
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