
151NEOPLASMA 55, 2, 2008

Parallel-opposed fields versus four fields, and two- versus three-dimensional
radiotherapy planning in thin patients with gynecological malignancies
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Conformal radiotherapy constitutes the standard management of pelvic malignancies, yet its role in thin patients remains
debatable. This study compares dose distribution for 2D and 3D treatment techniques for cobalt (60Co) and high energy
photons from linear accelerator (LA) in cervical and endometrial cancer patients with antero-posterior diameter of less than
20 cm.

CT-based 3D treatment planning and 2D simulation were performed in 10 patients. Particular techniques were compared
in terms of treatment portal areas, coverage of planning target volume (PTV) and sparing of critical organs.

For 60Co beams, PTV was not covered adequately with 2D fields in nine patients and with conformal fields in seven. For
LA, PTV was not adequately covered with 2D two-field and 2D four-field (“box”) technique in three and one patients,
respectively. Mean bladder dose was comparable for all plans. Both 2D “box” and 3D “box” technique spared additional
portion of the rectum volume included in 95% isodose, compared to two-field plan. 3D treatment planning better protected
the small intestine.

Use of multiple field techniques and 3D planning allows for some improvement of PTV coverage and normal tissue
sparing, although the magnitude of this benefit must be weighted against savings of time and labour related to use of simpler
treatment techniques.
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Pelvic radiotherapy is a commonly used treatment modal-
ity in cervical and endometrial cancer patients [6, 9]. The
close anatomic relationship of the small bowel, bladder and
rectum necessitates the application of advanced treatment tech-
niques. The standard use of radiochemotherapy in cervical
cancer may further increase the treatment toxicity. Up to 30%
of patients may develop early or late bowel toxicity, and small
bowel sequelae are among the most important acute and
chronic toxicities [3, 8]. Therefore, decreasing the volume of
organs at risk within the treated volume without jeopardising
the adequate coverage of target lesion is of paramount impor-
tance. The introduction of CT-based conformal techniques
has provided more precise definition and coverage of target
volume and better sparing of organs at risk. The superiority
of conformal (three-dimensional-3D) versus two-dimensional
(2D) planning and the use of multiple versus two parallel

beams is generally accepted [1, 2, 5, 7, 11]. In pelvic irradia-
tion of thin patients, however, the optimal way of implementing
radical radiotherapy has not been ultimately determined [4].
Irradiation of gynaecological malignancies, due to their high
incidence and wide indications for radiotherapy, creates a
considerable burden on radiotherapy facilities. Thus, omis-
sion in some patients of sophisticated and time-consuming
planning, as well as a reduction in the number of treatment
portals, might be of considerable value. Due to its economic
and logistical benefits, some centres still use the two parallel-
opposed fields technique, assuming that anatomical conditions
allow for satisfactory dose distribution in this subgroup of
patients. Others use 2D planning for the box technique and
question the advantage of more sophisticated planning tech-
niques.

To our knowledge, the subgroup of thin patients has not
been analysed separately in the previous studies addressing
dose distribution during pelvic radiotherapy. This study was
designed to compare dose distribution of more sophisticated* Corresponding author
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conformal radiotherapy versus simpler and cheaper tech-
niques: parallel-opposed fields and 2D box technique in thin
patients irradiated for cervical or endometrial cancer. Our aim
was to determine whether and to what extent 3D planning is
superior to classical 2D method in these patients in terms of
target volume coverage and protection of organs at risk. As
brachytherapy was not a subject of this study, any informa-
tion concerning this method was omitted.

Material and methods

Patient population. Study group included ten gynaecological
cancer patients with antero-posterior (AP) diameter at the level
of beam axis of less than 20 centimetres (median: 17.9; range:
16.6-19.5 cm). There were eight cervical cancer patients; three,
two and three in Federation Internationale de Gynecologie et
d’Obstetrique (FIGO) stage I, II and III, respectively, and two
endometrial cancer patients (both FIGO stage I C). The age of
patients varied between 25 and 67 years (median 47 years).
Seven patients were treated following a hysterectomy and three
stage III cervical cancer patients underwent definitive radio-
therapy.

Imaging. 2D radiotherapy planning was performed in the
therapeutic position by the use of a Ximatron CX Simulator
(Varian Oncology Systems, USA). Patients were positioned
supine, with hands on the chest. For each patient, classical
simulation portals were obtained. In the AP fields, superior
margin was the upper border of the fifth lumbar vertebra,
and the lower margin was 1 cm below the obturator fora-
men. The lateral borders were located 1-1.5 cm outside the

bony pelvic walls. For the lateral fields, posterior border was
the space between S2 and S3, and the anterior border was
the anterior border of the pubic symphysis. For the purpose
of 3D treatment planning, CT scans at a slice thickness of 1
centimetre were obtained in the same position through the
true pelvis and abdomen (from the level of L1-L2 to the
perineum). No contrast, either oral, intravenous or rectal was
administered.

3D volume definition. Target volumes and critical struc-
tures, including urinary bladder, rectum and small bowel, were
delineated on axial CT slices in accordance with International
Commission of Radiation Units and Measurements (ICRU)
report 50. The small bowel was defined as the entire perito-
neal cavity, excluding major blood vessels and the rectum.
We did not outline specific bowel loops. Clinical target vol-
ume (CTV) was defined as upper portion of the vagina, cervix,
uterus (if present) and parametrial tissues, as well as obtura-
tor, external and internal iliac lymph nodes and blood vessels
from the obturator region to bifurcation of common iliac ves-
sels. The PTV area included CTV with 1 cm margin in all
directions.

Treatment planning. Dose calculations were conducted us-
ing the Cadplan planning system (Version 3.1; Varian
Oncology Systems, USA). The 2D portals were transferred
into 3D planning system to assess dose distribution and the
accuracy of PTV coverage. For 2D plans, in all cases the dose
was calculated for two techniques, i.e. two parallel-opposed
fields and box technique. 3D treatment plans using box tech-
nique were prepared based on the anatomical data from the
CT slices in accordance with ICRU report 50. The plans for
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Figure 1. Comparison of 2D (A) and 3D AP/PA (B) portals.
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all three techniques were prepared for both 60Co and 18 MV
photons generated by linear accelerator (LA).

The area of treatment portals and the dose-volume histo-
grams for target volumes and critical organs, including bladder,
rectum and small intestine, were compared for three treat-
ment techniques and for both energies.

Statistics. Statistical analysis was performed using Stata 8
software. Differences between variables were assessed with
the use of non-parametric Wilcoxon test. A p value of 0.05
was assumed as the level of significance.

Results

The median field areas for 2D AP/PA and lateral fields
were 258 cm2 and 176 cm2, respectively. For 3D planning,
median field areas for AP/PA and lateral fields were 298 cm2

and 182 cm2, respectively. On average, 3D AP/PA and lateral
fields were respectively 40 cm2 (15%) and 6 cm2 (3%) larger
than 2D portals.

Target volume coverage. Mean volume of PTV was 1161
cm3. Mean values of PTV coverage by means of particular
techniques are presented in Table 1. PTV was not covered
effectively (less than 95% volume within 95% isodose) in all
2D 60Co plans but one, whereas conformal plans avoiding the
excessive field size escalation resulted in inadequate cover-
age in seven patients. For LA, PTV was not adequately covered

with 2D two-field and 2D “box” technique in three and one
patients, respectively. In terms of adequate PTV coverage,
60Co two-field plans were inferior to 2D box plans (p=0.02),
and the latter were inferior to 3D box plans (p=0.01). For LA,
the difference between 2D two-field and box was not signifi-
cant. However, 3D plans significantly better covered PTV
compared to 2D techniques (p=0.005 and p=0.0002 for 2D
two-field and 2D box technique, respectively). For particular
techniques, all LA plans provided significantly better PTV
coverage than 60Co plans (p=0.0005, p=0.0001 and p=0.0006
for 2D two-field, 2D box and 3D box technique, respectively).

The mean volumes of “geographical miss” defined as per-
centage of PTV outside the 90% isodose are shown in Table
1. More than 5% of PTV was missed in six 2D two-field and
four 2D box 60Co plans. There was no statistical difference
between two-field and 2D box 60Co plans according to “geo-
graphical miss”, but 3D box plans offered significantly better
PTV coverage (p=0.017 for two-field versus 3D box, and
p=0.0002 for 2D box versus 3D box technique). For LA, two-
field plans were inferior to 2D box plans (p=0.04), and the
latter were as good as 3D box. Irrespective of particular tech-
nique, LA plans provided significantly less “geographical
miss” than 60Co plans (p=0.01, p=0.0003 and p=0.04 for 2D
two-field, 2D box and 3D box technique, respectively).

Bladder doses. Mean bladder volume encompassed by 95%
isodose was comparable with all methods, with a median of

Table 1. Mean values of PTV coverage for particular treatment techniques

Parameter Technique
60Co LA

two-field 2D box 3D box two-field 2D box 3D box

Volume of PTV covered 71% 80% 86% 93% 95% 99%
by the 95% isodose (range) (41-94%) (65-95%) (70-97%) (80-99%) (88-100%) (95-100%)
Volume of PTV missing 8.8% 6.7% 2.9% 1.7% 1.0% 0.3%
the 90% isodose (range) (1-25%) (3-15%) (0-11%) (0-3%) (0-4%) (0-3%)
Minimum relative dose 51.0% 72.0% 87.2% 55.0% 74.0% 92.8%
(range) (35.5-74.8%) (47.2-82.0%) (78.6-92.4) (43.0-81.2%) (49.8-89.8%) (68.8-94.4%)
Maximum relative dose 105.8% 104.0% 104.6% 104.8% 104.4% 104.4%
(range) (102.0-109.6%) (102.0-107.6%) (103.0-109.0%) (100.7-107.0%) (100.5-106.3%) (101.7-106.3%)
Standard dose deviation 4.6 4.4 3.1 3.0 2.7 1.6
(range) (3.1-7.2) (2.6-7.2) (2.6-4.3) (2.1-5.5) (1.4-5.5) (1.4-2.2)

Table 2.Mean bladder doses for particular treatment techniques

Parameter Technique
60Co LA

two-field 2D box 3D box two-field 2D box 3D box

Mean relative dose (range) 98.8% 98.6% 97.4% 101.2% 100.4% 100.2%
(94.8-104.0%) (93.8-99.0%) (94.4-100.4%) (98.4-103.2%) (97.8-102.0%) (97.0-103.0%)

Maximum relative dose (range) 105.0% 101.0% 101.8% 103.8% 102.4% 103.0%
(101.4-108.2%) (98.4-103.6%) (98.0-104.6%) (101.2-106.6%) (101.0-103.6%) (101.2-106.2%)

Volume encompassed by 88% 81% 84% 99% 98% 96%
the 95% isodose (range) (70-100%) (35-100%) (45-100%) (93-100%) (90-100%) (80-100%)
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148 cm3 (91% of its volume; Table 2). The lowest and highest
mean relative dose to the bladder was for 60Co 2D box tech-
nique and two-field LA technique (97.6% and 101.2% of the
reference dose to the PTV, respectively).

Rectum doses. The mean volume of rectum encompassed
by 95% isodose is shown in Table 3. For 60Co, the use of two-
field technique resulted in significantly larger irradiated
rectum volume compared to 2D box plans (p=0.003). There
was no apparent gain for the 3D box compared to 2D tech-
nique. For LA, rectum was spared by means of both 2D box
plans (p=0.009) and 3D box (p=0.01). The largest portion of
the rectum was irradiated with 2D plans. When particular tech-
niques were analysed with reference to energy used, the rectum
volume was significantly smaller with 60Co than with LA plans
(p=0.01, 0.001 and 0.02 for 2D two-field, 2D box and 3D
box, respectively).

Mean rectum dose was comparable between 2D box and
3D box plans for both 60Co and LA. The dose for 2D two-
field was higher than for 2D box for LA (p=0.008), but not
for 60Co plans. Mean rectum dose did not differ between 60Co
3D and LA 3D plans, but there was a significant difference
between mean rectum doses for 60Co two-field 2D and LA
two-field 2D (p=0.004), and between 60Co 2D box and LA
2D box (p=0.02).

Small bowel doses. The mean small bowel volume covered
by 95% isodose is shown in Table 4. The bowel volume cov-
ered by 95% isodose was not statistically different between 2D
two-field and 2D box both for 60Co and LA plans. 2D box tech-
nique was inferior to 3D box for 60Co (p=0.003). There was

also a significant difference favouring LA 3D box plans com-
pared to two-field or 2D box plans (p=0.009 and p=0.002,
respectively). The bowel volumes with conformal 60Co and LA
plans were not significantly different. The use of LA two-field
and 2D box techniques resulted in irradiation of significantly
larger bowel volume (p=0.0004 and p=0.002, respectively) and
higher mean bowel dose (p=0.0004 and p=0.002 for two-field
and box, respectively) compared to 60Co plans.

There was no significant difference between the two ener-
gies when conformal radiotherapy was used. The use of
conformal technique resulted in significantly lower mean small
bowel dose compared to 2D box technique, for both 60Co and
LA (p=0.01). The 2D box technique was significantly supe-
rior comparing to 2D two-field both for 60Co (p=0.005) and
LA (p=0.0005).

The percentage of volume covered by 60% isodose ranged
from 74.5 to 85.6% and was significantly smaller for two-
field 2D versus 2D box plans for both energies (p=0.005 and
p=0.04 for 60Co and LA, respectively). The difference between
2D box and 3D box favouring the latter technique was sig-
nificant only for LA (p=0.03). LA plans tended to include
slightly more small bowel volume compared to 60Co plans,
but provided better target coverage.

Discussion

Our data demonstrate better PTV coverage with confor-
mal versus 2D radiotherapy in thin gynaecological patients.
The risk of “geographical miss” (arbitrarily defined as 90%

Table 3. Mean rectum doses for particular treatment techniques

Parameter Technique
60Co LA

two-field 2D box 3D box two-field 2D box 3D box

Mean relative dose (range) 96.8% 90.6% 93.6% 98.6% 93.0% 94.2%
(79.8-104.2%) (78.2-97.4%) (87.0-96.4%) (84.2-103.2%) (83.4-101.8%) (91.0-99.6%)

Maximum relative dose (range) 105.6% 101.6% 101.8% 103.8% 102.8% 102.2%
(101.0-115.6%) (99.0-106.6%) (98.2-106.6%) (100.6-107.4%) (100.0-105.4%) (100.6-103.4%)

Volume encompassed by 84% 58% 56% 92% 73% 72%
the 95% isodose (range) (43-100%) (23-90%) (18-75%) (67-100%) (45-100%) (33-99%)

Table 4. Mean small bowel doses for particular treatment techniques

Parameter Technique
60Co LA

two-field 2D box 3D box two-field  2D box 3D box

Mean  relative dose (range) 79.4% 87.2% 83.4% 81.8% 88.6% 81.0%
(65.2-89.2%) (70.2-97.6%) (64.0-89.4%) (69.0-91.8%) (70.6-98.2%) (58.6-95.8%)

Maximum relative  dose (range) 108.0% 105.0% 104.0% 104.4% 104.6% 103.8%
(104.6-110.6%) (102.0-108.0%) (102.2-106.2%) (101.6-106.2%) (102.0-106.2%) (101.6-106.0%)

Volume encompassed by 59% 62% 51% 68% 67% 55%
the 95% isodose (range) (40-76%) (26-87%) (14-63%) (50-84%) (32-87%) (15-81%)
Volume encompassed by 78.7% 85.6% 81.4% 80.0% 83.3% 74.5%
the 60% isodose (range) (65-89%) (66-100%) (62-95%) (65-90%) (57-96%) (45-97%)
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isodose missing >5% of CT-defined PTV) was 60% for 60Co
2D two-field and 40% for 60Co 2D box technique. It is pos-
sible that the extension of lateral borders of AP/PA fields
beyond the classical 1-1.5 cm outside bony pelvis wall could
result in better target coverage [4], yet such an analysis was
not performed here. The minimal dose was less than 40 Gy in
all patients but one planned with two-field technique, irre-
spective of beam energy. Among patients planned with 2D
“box” technique, only three and four for 60Co and LA, respec-
tively, would have received minimal PTV dose of at least 40
Gy. For comparison, the mean minimal doses for 3D 60Co and
LA plans were 43.6 Gy and 46.4 Gy, respectively.

There was no clear advantage in bladder protection with
conformal planning. In some patients this might have possi-
bly resulted from inadequate bladder filling during CT
planning. However, as the inclusion of external iliac nodes in
the PTV requires anterior field extension, irradiation of sig-
nificant portion of bladder wall and small bowel may be
unavoidable, unless the intensity modulated radiotherapy
(IMRT) planning is used [3, 10, 11].

We expected better rectal wall sparing with 3D box, but
the actual dose distribution improvement in comparison to
2D box proved to be negligible. This may be explained by the
anatomical position of the rectum, adjacent to the vagina. The
need to add a sufficient margin (in this case 1 cm around the
CTV) results in a marked posterior field extension. Compar-
ing to two parallel opposed fields, all variants of “box”
technique enabled sparing of additional 20-28% of the rectal
volume. These results are comparable with the literature data.

Apparently, worse rectal dose distribution for LA plans is the
cost of superior PTV coverage by higher energies.

Whereas there was no additional gain from conformal tech-
nique compared to 2D box in reducing bladder and rectal dose,
the dose to the small bowel was significantly lower with 3D
plans. For LA, conformal planning reduced the small bowel
volume by 11% compared to 2D box technique. The mean
small bowel dose was reduced by 1.9 Gy compared to 2D box
60Co plans and by 3.8 Gy compared to 2D box LA plans. Al-
though the anterior border of lateral conformal fields is often
placed more anteriorly compared to 2D “box” technique, to
secure adequate coverage of external iliac nodes, more pre-
cise bowel shielding is achieved using CT data, allowing for
overally more favourable dose distribution.

In the present study patients were irradiated in the supine
position, which has been widely used in gynaecological ma-
lignancies [7, 10, 11]. However, some authors claimed the
superiority of the prone position [1, 5]. In thin patients, how-
ever, the estimated gain related to small bowel displacement
with the prone position may be negligible. The same holds
true for the use of belly boards.

Currently, better organ protection may be achieved with
the use of IMRT [1, 2, 5, 7, 10-12]. This technique, when
used for the whole pelvis, has to address the problem of or-
gan motion within the irradiated area. To date, most studies
regarding the bladder and rectum filling variation have fo-
cused on prostate cancer [13], whereas organ motion in the
female pelvis has been less recognised. The research concern-
ing pelvis organ motion and the problem of margin
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Fig. 2. Comparison of 2D (A) and 3D (B) lateral portals.
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optimisation is ongoing [11]. At present, IMRT technique in
this application is promising, but still not ready for routine
implementation. Institutional protocols designed to limit varia-
tions in organ motion need to be developed in order to
minimise “geographical miss” and maximise the protection

of organs at risk. For the time being, patients may still benefit
from established, conventional radiotherapy, where the issue
of organ motion is less crucial, the methodological basis well
known, and the whole procedure less time- and resource-con-
suming.

     

A

Fig.  3. Image fusion of 2D and 3D portals: AP/PA and lateral view.
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In conclusion, we demonstrated the superiority of confor-
mal planning compared to conventional box technique in terms
of PTV coverage and small bowel protection in thin patients
with gynaecological malignancies. Although there is a sig-
nificant gain in rectum sparing with the 2D box compared to
two parallel opposed fields, conformal planning further im-
proves rectal dose distribution only for the LA irradiation.
Neither 2D box technique nor 3D planning allow for better
bladder protection. Our data suggest that the use of 2D tech-
nique carries a considerable risk of geographical miss with
60Co, especially with 2D two-field technique, but may be used
relatively safely with LA. Overall, thin patients seem to ben-
efit from 3D planning and the potential savings in terms of
labour and machine time with 2D box and two-field tech-
niques must be weighted against these benefits of  3D
conformal therapy.
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