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Abstract

Resumo

Comparative analysis of dose-volume histograms
between 3D conformal and conventional non-conformal
radiotherapy plannings for prostate cancer™

Andélise comparativa dos histogramas de dose e volume entre planejamentos
tridimensionais conformados e convencionais ndo conformados na radioterapia
do céncer de prostata

Silvia Moreira Feitosa', Adelmo José Giordani?, Rodrigo Sousa Dias’, Helena Regina
Comodo Segreto®, Roberto Araujo Segreto?

OBJECTIVE: The present study was aimed at comparing conformal and non-conformal radiotherapy plans
designed for patients with prostate cancer, by analyzing radiation doses in target volumes and organs at
risk. MATERIALS AND METHODS: Radiotherapy plans for 40 patients with prostate cancer were analyzed.
Conformal, conformal isocentric and non-conformal plans utilizing the source-surface distance were simulated
for each of the patients for comparison of radiation dose in target volumes and organs at risk. For comparison
purposes, dose-volume histograms for target volumes and organs at risk were analyzed. RESULTS: Median
doses were significantly lower in the conformal planning, with 25%, 40% and 60% volumes in the rectum
and 30% and 60% in the bladder. The median doses were significantly lower in the conformal planning
analyzing the right and left coxofemoral joints. Maximum, mean and median doses in the clinical target volume
and in the planned target volume were significantly higher in the conformal planning. CONCLUSION: The
present study has demonstrated that the conformal radiotherapy planning for prostate cancer allows the
delivery of higher doses to the target volume and lower doses to adjacent healthy tissues.
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OBJETIVO: Analisar, comparativamente, doses de radiacdo em volumes alvos e 6rgaos de risco entre plane-
jamentos conformados e niio conformados em pacientes com céancer de préstata. MATERIAIS E METODOS:
No presente trabalho foram analisados planejamentos de 40 pacientes portadores de cancer de prostata.
Foram realizados planejamentos conformados, ndo conformados isocéntricos e ndo conformados utilizando
a distancia fonte-superficie, simulados para cada caso, para comparacé@o das doses em volumes alvos e 6r-
gdos de risco. Para a comparacédo foram analisados os histogramas de dose e volume para volumes alvos e
6rgaos de risco. RESULTADOS: As medianas das doses foram significativamente menores no planejamento
conformado analisando-se os seguintes volumes no reto: 25%, 40% e 60%. As medianas das doses foram
significativamente menores no planejamento conformado analisando-se os seguintes volumes na bexiga: 30%
e 60%. As doses medianas foram significativamente menores no planejamento conformado analisando-se
as articulacdes coxofemorais direita e esquerda. As doses maximas, médias e medianas no volume alvo cli-
nico e no volume alvo planejado foram significativamente maiores no planejamento conformado. CONCLU-
SAO: O presente estudo demonstrou que por meio do planejamento conformado em pacientes com céncer
de préstata é possivel entregar doses maiores no volume alvo e doses menores em 6rgéos de risco.
Unitermos: Cancer de prdstata; Radioterapia; Planejamento conformado; Planejamento ndo conformado.
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INTRODUCTION

With the introduction of megavolt
equipment (cobalt-60 and linear accelera
tors), external beam radiotherapy has be-
come universally accepted as an appropri-
atetherapeutic modality for localized pros-
tate cancer in patients above the age of 50
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years, because of the lower skin dose and
homogeneity of radiation in depth®.

The conventional or non-conformal
technique utilizes the four-field beam ar-
rangement (antero-posterior, postero-ante-
rior, right latero-lateral and left latero-lat-
erd), also known asfour-field or box tech-
nique that may be performed with isocen-
tric fields or fields with afixed source-sur-
face distance, technique of beams in two
rotational arcs (120°), a combination of
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both techniques or three-field technique
(one anterior field, two parallel, lateral
fields and opposed |eft and right fields).
Thetreatment with therotational technique
(360°) can also be utilized as a dose boost
(in a second phase), however, with this
techniquethe dose delivered to the anterior
wall of the rectum is higher®9,

Oneof thedifficulties observedin these
non-conformal techniques for treatment of
localized prostate cancer isthe dose deliv-
ered to the adjacent healthy tissues. Inthese
techniques, the maximum achievable doses
range between 65 and 70 Gy. Many times
such doses are not sufficient to eradicate
the malignant clone cells, which make the
management of the disease more difficult.
Studies developed by the Patterns of Care
Study, in 1984, demonstrated that the inci-
dence of grade 3 and 4 rectal and bladder
toxicity have doubled (from 3.5% to0 6.9%)
in cases where doses > 70 Gy were pre-
scribed with the non-conformal planning®.

In the nineties, technologica develop-
ment allowed the conformal radiotherapy
planning. The 3D planning system varies
in some aspects, but is based on acommon
principle: the utilization of images (com-
puted tomography or magnetic resonance
imaging) for delimitating the prostate, or-
gansat risk and generating high-resolution
3D reconstructions. This technique pro-
vides a precise anatomical definition of
target volumes (prostate and seminal
vesicles) and adjacent healthy tissues (rec-
tum, bladder and coxofemoral joint), al-
lowing an individual radiation beam con-
formation to the target-volumes“®.

Because of the volumetric appreciation
of the target volume, the treatment plan-
ning isbased on the ability to anatomically
define each sub-volume within the total ir-
radiated volume and accurately calculating
the dose delivery to each point, allowing
for radiation dose escalation, i.e., high
doses to the target volumes and limited
doses and volumes to the adjacent healthy
tissues, within the recommended tolerance
parameters®.

In Brazil, many radiotherapy centers
till lack a system for conformal radio-
therapy planning. Under the practical point
of view it would be interesting to compare
conformal isocentric and non-conformal
plannings.
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The present study isaimed at compara-
tively analyzing radiation doses in target
volumeand organsat risk in 3D conformal,
non-conformal isocentric and non-confor-
mal plannings utilizing the source-surface
distancefor patientswith localized prostate
cancer submitted to radiotherapy.

MATERIALSAND METHODS

The present study evaluated radio-
therapy plannings for 40 patients with lo-
calized prostate cancer assisted in the Unit
of Radiotherapy at Universidade Federa de
Séo Paulo/Escola Paulista de Medicina
(Unifesp/EPM), in the period between
2004 and 2005. Conformal, conformal iso-
centric and non-conformal plannings utiliz-
ing the source-surface distance were smu-
lated for each of the patients for compari-
son of radiation dosein target volumesand
organs at risk.

The sample of the present study in-
cluded patients with prostate tumors clini-
caly staged T1-T2c according to the
American Joint Committee on Cancer
(2002), without distant metastases and pre-
vious surgical trestment, submitted or not
to neoadjuvant hormone therapy.

Planning methods

Pre-planning — The patients were pre-
vioudly submittedtoasimulationinasimu-
lator. They were positioned in dorsal decu-
bitus with the hands on the anterior region
of their chest, apillow under their head and
with a feet support. The pre-tomography
isocenter was marked with thelocalization
of a10 x 10 cm field, with the inferior
margin coinciding with theinferior branch
of the ischium and with the field center be-
tween the pubic bones, on the anterior field
and, rotating the gantry 90°, the field cen-
ter waslocated at 1.5 cm posteriorly to the
anterior pubic border on the lateral field.

Planning tomography — The patient
preparation included 300 ml hydric inges-
tion and fleet enema two hours before the
planning tomography. The procedure was
performed in the same position of the pre-
vious simulation with 5 and 5 mm sections
of the pelvic region, from the transition
between the 4th and 5th lumbar vertebrae
to the upper third of the femur, including
al the adjacent lateral soft tissues.

Target volumes delineation — Target
volumeswere delineated through delimita-
tion of the gross tumor volume (GTV),
clinical target volume (CTV) and planning
target volume (PTV) for each patient.

Delineation of organsof interest —The
bladder was completely delineated through
itsexternal wall; the rectum was delineated
through the externa wall fromtherectosig-
moid junction to the anal margin; and the
femoral contour wasdelinested through the
external wall of the bone to the minor tro-
chanter.

Planning techniques— With the aid of
acomputational Eclipse (Varian; PaloAlto,
USA) planning system, two non-conformal
and one conformal planning were per-
formed for the 40 patients, in two phases
for a6 MeV linear accelerator.

The first non-conformal planning with
fixed source-surface distance utilized the
four-field technique (antero-posterior,
postero-anterior, right latero-lateral and | eft
latero-lateral) in the first phase with a 100
cm source-surface distance up to the dose
of 5040 cGy, with 1.5 cm margins around
thewholethe prostate and seminal vesicles
for intermediate and high-risk patients, and
1.5 cm margins around the whole prostate
and proximal third of seminal vesicles for
low risk patients; the isodoses were nor-
malized at maximum, a 95% isodose was
selected, encompassing the target volume.
In the second phase of the same planning,
the technique of two isocentric rotational
arcsup to the dose of 1980 Gy was utilized,
with two 120° rotational arcs and with a
central, anterior and posterior 60° interval
(thefirst arc encompassed 30° to 150° and
the second arc, 210° to 330°), with 1.5 cm
margins encompassing the prostate and the
proximal third of seminal vesicles. In both
treatment phases, the total dose prescribed
was 7020 cGy; the isodoses were normal -
ized (in theisocenter), and a 95% dose was
selected, encompassing the target volume.

Inthefirst phase of the second non-con-
formal isocentric planning the technique of
four isocentric fields (antero-posterior,
postero-anterior, right latero-lateral and | eft
latero-lateral) was utilized up to the dose
of 5040 cGy, with 1.5 cm margins encom-
passing the prostate and the proximal third
of theseminal vesiclesfor intermediate and
high-risk patients; the isodoses were nor-
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malized (in the isocenter) and a 95% dose
was sel ected, encompassing the target vol-
ume. In the second phase of the same plan-
ning, the technique of two isocentric rota-
tional arcs up to the dose of 1980 cGy was
utilized, with two 120° rotational arcswith
a central, anterior and posterior 60° inter-
val (thefirst arc encompassed 30° to 150°,
and the second arc, 210° to 330°), with 1.5
cm margins encompassing the prostate and
the proximal third of the seminal vesicles;
the isodoses were normalized (in the iso-
center), and a 95% dose was selected, en-
compassing the target volume. In both
phases of thetreatment, thetotal prescribed
dosewas 7020 cGy. The center of thetreat-
ment field was placed on the center of the
prostate, utilizing the planning tomogra-
phy, but with symmetric collimators to
open the treatment fields. Collimation
blocks were not utilized.

In the isocentric conformal planning,
the treatment scheme was simulated for a
6 MeV accelerator in two phases. For |ow-
risk patients, GTV and CTV corresponded
to the prostate, and PTV corresponded to
the prostate and the proximal third of the
seminal vesicles besides a 1 cm margin

Dose-volume histograms in prostate cancer

around thewholeregion, except posteriorly
where the added margin measured 0.8 cm.
For intermediate and high-risk patients,
GTV andCTV1(CTV of thefirst trestment
phase) corresponded to the prostate and
semina vesicles, CTV2 (CTV of thesecond
treatment phase) corresponded to the pros-
tate and the proximal third of the semina
vesicles. PTV1 (PTV of thefirst treatment
phase) corresponded to the CTV1 besides
a1l cm margin around the whole region,
except posteriorly where the added margin
measured 0.8 cm. PTV2 (PTV of the sec-
ond treatment phase) corresponded to the
CTV2 besides a 1 cm margin around the
wholeregion, except posteriorly wherethe
added margin measured 0.8 cm. Inall of the
planningsa0.5 cm block marginwasadded.

In thefirst phase, the field arrangement
ranged between four and six up to a dose
of 5040 cGy, the selected prescription iso-
dose encompassing the prostate and semi-
nal vesicles (in cases of medium and high-
risk patients) and prostate and proximal
third of the seminal vesicles (for low-risk
patients). In the second phase, the field
arrangement ranged between four and six
up to a dose of 2160 cGy, a prescription

isodose encompassing the prostate and the
proximal third of the seminal vesicles. The
total dose for both phases corresponded to
7200 cGy prescribed for a 95% isodose
curve (normalization at the isocenter).

Evaluation methods

The analysis covered dose-volume his-
togramsfor target volumes(CTV and PTV)
and bladder, rectum and coxofemoral joint
of the conformal plannings in comparison
with non-conformal plannings. The dose-
volume histograms (DVHs) are shown on
Figure 1.

In both plannings, maximum, mean and
median doses were analyzed for the CTV
and PTV.

Regarding organs, the doseswere evalu-
ated in 10%, 15%, 25%, 40% and 60% of
therectal volume (percentagesevauatedin
the institution), besides the maximum,
mean and median doses; in the bladder, the
doses were evaluated in 30% and 60% of
its volume (percentages evaluated in the
institution), besides the maximum, mean
and median doses; and in the coxofemoral
joints, maximum, mean and median doses
were evaluated in the whole volume.
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Figure 1. Comparison of dose-volume histograms.
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Satistical analysis

The Friedman variance analysis was
applied in the results evaluation, consider-
ing 0.05 or 5% (a < 0.05) asthe level for
null hypothesis rejection. Significant val-
ues were marked with an asterisk, and the
non-significant ones with NS.

RESULTS

The following paragraphs describe the
results of the analysis of non-conformal
plannings utilizing afixed (100 cm) source-
surface distance, non-conformal isocentric
plannings and conformal plannings for the
patients included in the present study.

The median doses were significantly
lower in the conformal planning for the
following rectal volumes: 25%, 40% and
60% (Figure 2). The median doses were
significantly lower in the conformal plan-
ning for the following bladder volumes:
30% and 60% (Figure 3).

In the comparison of the maximum
doses to the coxofemoral joints, the non-
conformal plannings obtained higher me-
dian doses. The medians of the mean doses
and mediansto the coxofemoral jointswere
significantly lower in the conformal plan-
ning (Figures 4 and 5).

In the comparison of maximum, mean
and median doses to CTV and PTV, the
conformal planning obtained higher me-
dian doses (Figures 6 and 7).

DISCUSSION

Regarding the volumes of the organs
evaluated, the present study has found the
following results: the median volume of the
rectum was 63 cm?, the median volume of
the bladder was 201 cm®, the median vol-
umes of the right and left coxofemoral
jointswere respectively 158.4 cm® and 153
cm?, the median GTV was 51 cm?®.

The comparative analysis of plannings
for conventional, conformal, and intensity-
modul ated radiotherapy demonstrated me-
dian volumes of rectum, bladder, coxo-
femoral joint and GTV of 33 cm?, 79 cm?®,
111 cm?® and 76 cm?®, respectively, in the
conventional and conformal plannings.
The lower volumes reported by Oh et a
may beexplained by thefact that the organs
at risk were delineated only 1.5 cm below
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Figure 2. Comparison of doses at 10%, 15%, 25%, 40% and 60% of the rectal volume.
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Figure 3. Comparison of doses at 30% and 60% of the bladder volume.
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Figure 4. Comparison of doses to the right coxofemoral joint.
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Figure 5. Comparison of doses to the left coxofemoral joint.
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Dose-volume histograms in prostate cancer
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Figure 6. Comparison of doses to CTV.
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Figure 7. Comparison of doses to PTV.

and above the prostate and seminal
vesicles?.

Another comparative study of dosesand
volumes for prostate cancer with conven-
tional and conformal techniqueshavefound
amedian GTV of 64.2 cm®, with the organs
at risk delineated 2.0 cm above and below
the prostate. The seminal vesicles have not
been included in the GTV®,

The present study demonstrated higher
values for volumes than the ones reported
in the literature because of the different
techniques utilized in the delineation of the
targets and organs at risk.

The mean and median doses observed
on the dose-volume histogramsfor therec-
tum and bladder in the conformal planning
were significantly lower as compared with
the doses observed in the conventional
planning (except for the mean and median
dose to 10% of the rectal volume).

Perez et al. havereported ahigher mean
dose in the bladder and rectum with the
conventional technique, as compared with
the conformal technique that utilizes ob-
lique beamsto reducetheradiation in these
structures®.
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Oh et al. have reported mean doses of
2132-2711 cGy in the bladder, and 2932—
3620 cGy intherectuminthe conventiona
planning. On the other hand, with the con-
formal technique, they have found mean
doses of 1241-1952 cGy in the bladder,
and 2432-3502 cGy in the rectum, when
the dose of 4500 cGy was prescribed in the
isocenter?,

Another comparative study published
in 2000 and updated in 2002, between the
techniques studies, demonstrated the fol-
lowing percentages: with the conformal
technique, 8.5 + 11.8 for adose = 70 Gy
in the rectum, and with the conventional
technique, 28.8 £ 28.9. In the bladder, the
percentage of volume with adose= 70 Gy
was 6.3 + 8.4 in the conformal technique,
and 19.4 + 24.4 in the conventional tech-
nique®?. In these studies developed by
Perez et al., the conventional technique
was performed with two 120° rotational
arcs and prostate margins of 2 cm. On the
other hand, the conformal technique was
performed with seven fields and collima-
tion with cerobend or multi-leaf collima-
tor®9,

In arandomized trial comparing toxic-
ity between conventional and conformal
radiotherapy for prostate cancer, Dearnaley
et al. have reported median high-dose vol-
ume — defined as volume intersection in
the space for therapy beamsin the confor-
mal planning — presented a 39% decrease
with the utilization of the conformal tech-
nique. This study has reported 48% lessin
the volume of the rectum and 38% lessin
thevesical volumeweretreated with a90%
isodose in the conformal therapy as com-
pared with the conventional therapy™©.

M aximum doses observed in the present
study on HDVs for rectum and bladder
were significantly higher in the conformal
planning. The authorsbelievethat such fact
is explained by the higher prescribed dose
which was not compensated neither by
collimation nor by the higher number of
field entrances.

In astudy developed by Sdleet d., ap-
proaching thetwo planning techniques, the
conventional therapy utilized the area de-
fined by the 95% isodose curve (encom-
passing the prostate) as target volume, and
the conformal therapy utilized the area de-
fined by the prostate with a 1.5 cm margin.
Significantly higher maximum dosesinthe
volume of the rectum and bladder were not
foundin the conformal planning. However,
the doses in 100% of the vesical volume
and in 100%, 90% and 50% of the rectal
volume were significantly higher in the
conformal planning. The authors argued
that this has occurred because of the larger
field sizeinthe conformal planning, which
has not been compensated by collima-
tions'”.

Variations in maximum doses were ob-
served in the rectum and bladder, respec-
tively, from 4807 to 4855 cGy and from
4661 to 4803 cGy utilizing the conven-
tional technique, and from 5072 to 5304
cGy and 4705 to 5078 cGy in the confor-
mal planning with a prescribed dose of
4500 cGy in the isocenter®,

Theresults of the present study demon-
strate that the maximum doses in the cox-
ofemora jointsweresignificantly higherin
the conformal planning, while the mean
and median doses were significantly lower
with this technique.

As regards doses in the coxofemoral
joint, the literature does not show a sharp
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advantage between the conventional and
conformal techniques. Maximum and mean
doses of respectively 2718- 2891 cGy and
1614-2537 cGy have been reported for
conventional planning. On the other hand,
maximum and mean doses of respectively
35394901 cGy and 1850-2443 cGy have
been reported for conformal planning®®.

In the present study, maximum, mean
and median doses found on the DV Hs of
CTV and PTV weresignificantly higher in
the conformal planning. These data agree
with the literature which reports that the
conformal technique prescribes higher
dosesin PTV, as compared with the con-
ventional technique.

According to Oh et al., the mean dose
in PTV ranged between 4455 and 4547
cGy with the conventional technique, and
between 4671 and 4896 cGy with the con-
formal technique®. Significantly higher
doses at 100%, 90% and 50% of GTV and
PTV in the conformal planning as com-
pared with the conventional planning have
also been reported®.

Other authors have reported mean and
maximum doses in tumor of, respectively,
69.8+2.6 Gy and 71.7+ 2.4 Gy inthecon-
formal technique, and 69.7 + 2.8 Gy and
71.3 £ 2.8 Gy in the conventional tech-
nique®.

Pollack et al. have developed a study
comparing two patients groups: one group
that received a68 Gy dose with the conven-
tional technique, and another that received
a 78 Gy dose with the conventional tech-
niqueintheinitial phase, with adose boost
in a second phase with conformal tech-
nique. This study has demonstrated that a
significantly higher percentage of the blad-
der received doses > 60 Gy in the group
submitted exclusively to conventional
therapy. As regards the percentage of rec-
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tal volume treated with doses > 60 Gy, no
statistically significant difference has been
found between groups. The volume of
prostate and seminal vesicles receiving
95% of the prescribed dose was signifi-
cantly larger in the group that received a
dose boost with conformal technique™.

In a study comparing the conventional
technique (four-field) and two conformal
techniques (four- and six-field), Magrini et
al. have found lower mean doses in the
rectum with conformal techniques (75% of
the isocenter dose) than with the conven-
tiona technique (79% of the isocenter
dose), athough no statistical significance
has been achieved. In the same study, the
authors have observed that the mean dose
in the bladder was statistically lower in the
conformal techniques with four and six
fields (respectively 57% and 50% of the
isocenter dose) than in the conventional
technique (79% of theisocenter dose). The
percentage of CTV and PTV that received
more than 95% of the isocenter dose was
statistically higher in conformal tech-
niques™.

Theresults of the present study demon-
strate the benefitsfrom the utilization of the
3D radiotherapy planning system in cases
of prostate cancer. These results demon-
strate that even with a higher prescription
dose in the conformal technique, a higher
target volume dose with lower dosesin the
organs at risk can be achieved.

CONCLUSION

It may be concluded that the present
study has evidenced that conformal radio-
therapy planning for prostate cancer allows
the delivery of higher doses to the target
volume and lower doses to adjacent criti-
cal organs.
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