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Dosimetric comparison of anterior
posterior-posterior anterior 2-field
three-dimensional conformal radiotherapy,
4-field three-dimensional conformal
radiotherapy and “forward” plan intensity
modulated radiotherapy techniques in
female lymphoma patients irradiated to
neck and mediastinum

ABSTRACT

Aim: Dosimetric comparison of three different techniques in female lymphoma patients who had radiotherapy (RT) to the neck and
mediastinum.

Setting and Design: Retrospective clinical study.

Materials and Methods: Computerized tomography-simulator images of eight patients were obtained retrospectively. Using 6 MV-X photon
energy, RT plans were formed with three different techniques (anterior posterior-posterior anterior 2-field three-dimensional conformal
RT [AP-PA 2-field 3D-CRT], 4-field 3D-CRT and “forward” plan intensity modulated RT [FPIMRT]). Comparisons were in terms of homogeneity
index (HI), conformity index (Cl), and inhomogeneity coefficient for planning target volume (PTV); mean lung dose, V..., V. .,V ., V. . for

» V5gy? Y106y’ 20Gy’ 306Gy
UNG; Do Vi Viseys Vase, fOrheAML D o Ve Vigg,s Vg, TOr breast; D for spines D Vi Vigeys Vi, Vg, fOT thyroid.

mean’ " 10Gy’ " 18Gy’ " 25Gy’ " 30Gy
Statistical Analysis Used: Since nonparametric tests had to be used due to the study population being < 30, Friedman and Wilcoxon
signed-rank tests were implemented in trilateral and bilateral comparison of techniques, respectively. For statistical significance,
P value was required to be <0.05.

Results: When FPIMRT was compared with AP-PA and 4-field techniques with respect to, HI (AP-PA/FPIMRT P: 0.017; 4-field/
FPIMRT P: 0.03) and CI (AP-PA/FPIMRT P: 0.018; 4-field/FPIMRT P: 0.042), FPIMRT was more advantageous. In addition, FPIMRT
was found more useful interms of D, (AP-PA/FPIMRT P. 0.012; 4-Field/FPIMRT P. 0.012) for spinal cordand D, . (AP-PA/FPIMRT
P: 0.012; 4-field/FPIMRT P: 0.012) for thyroid.

Conclusion: FPIMRT was superior in terms of PTV homogeneity and conformity. However, it was observed that for normal tissues,
FPIMRT was advantageous only for spinal cord and thyroid; but it was not the most advantageous technique for some of the
dose-volume parameters of the breast, lung, and heart.
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fields, as well as high cure rates, cause an increased risk of
late adverse effects and secondary cancers in these young
patients.? Decreasing field sizes, as well as different treatment
planning techniques, are used to reduce these problems.

In this context, this study aimed to compare three different
techniques (anterior posterior-posterior anterior 2-field
three-dimensional conformal radiotherapy [AP-PA 2-field
3D-CRT], 4-field 3D-CRT and “forward” plan intensity
modulated radiotherapy [FPIMRT]) in terms of planning target
volume (PTV) dose homogeneity and conformity as well
as doses received by normal tissues in lymphoma patients
receiving RT to the neck and mediastinum.

MATERIALS AND METHODS

This study was performed after the institutional review board
approval was obtained.

The treatment planning system (TPS) archive of the
Radiation Oncology Department was screened to find the
lymphoma patients who were compatible with the inclusion
criteria treated between 2010 and 2012. Computerized
tomography (CT)-simulator device data of a group of eight
female patients were used in the study. Treatment planning
was implemented for each patient using three different
predetermined techniques (AP-PA 2-field 3D-CRT, 4-field 3D-CRT,
FPIMRT). Three techniques were compared with respect to the
dose-volume parameters for the specified organs, as well as
the parameters related to PTV homogeneity and conformity.

Inclusion criteria were having a diagnosis of lymphoma, having
only neck and mediastinum lymphatics within the radiation
field, being treated with 3D-CRT, female gender, >10 years of
age, and having both breasts intact. Exclusion criteria were
having mandibula within the radiation field, involvement of
axillary lymphatic area, male gender, <10 years of age, and
any one of the breasts having surgical excision.

In the study, the images had been obtained previously using
the X-ray CT-simulator device of “Siemens” brand, and
“Emotion” model. While taking the images, the patients had
been placed in supine position with either both arms on the
side or in akimbo (hands on waist) position. The patients had
been immobilized at treatment position on the CT-simulator
table. Furthermore, Nucletron “Oncentra Masterplan®” TPS
system was used in the study.

In all cases, CTV and organs at risk were contoured by a
radiation oncology specialist or else checked and revised as
necessary if they had been contoured previously [Figure 1].
CTV contouring was performed according to involved field
RT recommendations.

Afterward, the treatment plan was implemented for each
patient with three different techniques (AP-PA 2-field 3D-CRT,
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Figure 1: Three-dimensional image of the sample case obtained
with contouring of target volume and normal tissues by the radiation
oncologist on sections transmitted to the planning computer from the
computerized tomography-simulation device; views of sagittal, coronal,
and axial sections

4-field 3D-CRT, FPIMRT). In all three techniques, 6 MV-X
radiation energy was used. The reason for using 6 MV-X was
to ensure the desired dose distribution in PTV, because of
the presence of neck, a relatively thin structure, as well as
the proximity of neck lymphatics to the surface. Virtual RT
plans were created using conventional fractionation scheme
of 14.4-30.6 Gy total dose in 5 fractions/week with 1.8 Gy
fraction dose. Total predetermined doses that had been
adjusted according to the patients’ age, lymphoma subtype,
and patients’ response to chemotherapy were not altered.
Since this study is on wide RT fields, treatment planning was
not performed for boost fields in the study.

In the AP-PA 2-field 3D-CRT technique, gantry angles 0° and
180° were used with the isocenter being at the geometrical
center of PTV [Figure 2]. Treatment fields were formed giving
8 mm safety margin to PTV in “auto-MLC” mode. To ensure a
more homogeneous dose distribution at PTV, extra MLC margin
was allowed for the upper and lower margins of the RT fields.
Since PTV was closer to the front, anterior beam weighting (AP
60%, PA 40%) was implemented.

In the 4-field 3D-CRT technique, gantry angles of 0°, 180°,
318°, and 42° were used with the isocenter being at the
geometrical center of PTV. Treatment fields were formed
giving 8 mm safety margin to PTV in “auto-MLC” mode. To
ensure a more homogeneous dose distribution at PTV, extra
MLC margin was allowed for the upper and lower margins
of the RT fields. Wedges of 15° were used in anterior-oblique
fields [Figure 3]. Thus, while the doses are reduced in the
anterior neck region, where maximum doses tend to occur
due to its thinness, the doses in the lateral and deep parts
of PTV could be compensated. Anterior beam weighting was
performed (AP 30%, anterior-oblique fields 15% each, PA 40%).

In the FPIMRT (field-in-field) technique, it was aimed to get
a homogeneous dose distribution using AP-PA sub-fields
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together with AP-PA main fields. Main AP-PA fields were formed
giving 8 mm safety margin to PTV in “auto MLC” mode. In the
first step of the field-in-field technique, treatment planning
was implemented in such a way that 95% of PTV could receive
at least 93% of the prescribed dose using merely main AP-PA
fields. Optimum sized AP-PA sub-fields were added that exclude
high dose regions but include low dose regions [Figure 4]. In
all fields and sub-fields, treatment planning was implemented
using 6 MV-X energy. Beam weighting was 10% from AP-PA
sub-fields and 90% from main AP-PA fields. Thus, whereas
high-dose regions were removed, the dose reduction,
particularly in the mediastinum, was decreased. As a result, it
was attempted to obtain a more homogeneous and conformal
dose distribution.

In all three techniques, “collapsed cone” was used as dose
calculation algorithm. Again, in all three techniques, 95%
of PTV was covered by at least 93% of the prescribed dose
(D,,,, >93%), while the minimum dose in PTV was kept at
least 83% (D_ = 83%).

The parameters mean lung dose (MLD),V_ , V.V

) 5Gy’ © 10Gy’  20Gy’ V132Gy
for lungs®* the parametersD_ .V, ..V, .V, . forheart!*
were recorded from the dose-volume histogram (DVH’s).
Although there are no settled evaluation parameters in the

literature for the breast, it was decided to use D, V
mean 3.5Gy’

Vioey Vaooy Parameters.2**1 D for spinal cord"' and the
parametersD V.,V __,V

mean’ © 10Gy’ = 18Gy’  25Gy’ V30(;y for therid[g’l}lsl were
recorded. Moreover, homogeneity index (HI), conformity
index (CI), and inhomogeneity coefficient (IC) were recorded
from DVHs for PTV, as suggested in the literature.*'!
HI =D

2

—D,,/D,.
D : Prescribed dose; D, dose received by 2% of volume; D,
dose received by 98% of volume.

Ca=v,_[PTV.

V95%

V.., : PTV receiving 95% of prescribed dose

95%"

IC=D _—-D /D .
max min/ mean

D_ :PTV maximum dose; D_.:PTV minimum dose; D_..:PTV

average dose.

Dependent variables in the study were MLD, V__ 2 Vioey Vaoey
V:SOGy for lungS; Dmean’ V745Gy’ VlS.Gy’ VZSGy for heart; Dmean’ V3.5Gy’
Vi " VZOGY for breast; D_ . for spinal cord; Do Vieer V.
V.

30Gy

an’ © 10Gy’ = 18Gy’ VZSGy’
for thyroid, and HI, CI, and IC parameters for PTV. On the
other hand, independent variables were different planning
techniques (AP-PA 2-field 3D-CRT, 4-field 3D-CRT, FPIMRT).
Comparisons were performed for lungs, heart, breast, spinal

cord, thyroid, and PTV, with regard to relevant parameters
among three techniques. SPSS Statistics 17.0 (IBM Corporation,

Figure 2: Digitally reconstructed radiograph image of the radiotherapy
field from the gantry angle 0° in a sample case planned with anterior
posterior-posterior anterior 2-field three-dimensional conformal
radiotherapy technique

field from the gantry angle 42° in a sample case planned with 4-field
three-dimensional conformal radiotherapy technique

Figure 4: Digitally reconstructed radiograph image of the radiotherapy
field from the gantry angle 0° in a sample case planned with “forward”
plan intensity modulated radiotherapy technique
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New York, USA) program was used. Since nonparametric
tests had to be used due to the study population being <30,
Friedman and Wilcoxon signed-rank tests were implemented in
trilateral and bilateral comparison of techniques, respectively.
For statistical significance, P value was required to be <0.05.

RESULTS

Mean age was found as 23.4 (12-35). Seven of the eight cases
were diagnosed as Hodgkin lymphomas (HL), and one was
non-HL (NHL). The mean total dose given to the involved
neck + mediastinum regions was 25.2 (14.4-30.6) Gy.

Isodose distributions related to the treatment plans created
using three techniques for a patient are shown in Figure 5.
Figure 5 shows the maximum isodose within the field, 100%
isodose, reference isodose selected for the relevant plan, and
83% isodose which was the D_,_for PTV.

Planning target volume

In Table 1, the data related to PTV homogeneity and conformity
are shown, which were obtained from the treatment planning
of eight cases with three different techniques. In Table 2,
comparison results of three techniques with respect to HI, CI,
and IC are demonstrated.

{
¥
[}

It can be seen that from HI and CI standpoint, FPIMRT
technique was significantly superior to both AP-PA and 4-field
techniques in bilateral comparisons. Therefore, it is concluded
that this technique can provide the desired homogenous and
adequate dose distribution within PTV.

Lungs

ForV,., 4-field technique resulted in higher values compared to the
others. AP-PA technique was found more advantageous in terms
of Viey compared to FPIMRT. Among the bilateral comparisons for
Vioey only AP-PA versus FPIMRT comparison showed statistical
significance in favor of AP-PA technique. In terms of V, " the
lowest values were detected in 4-field technique. AP-PA technique

was the most advantageous one for D___[Table 3].

Heart
Among the bilateral comparisons for V. _ » AP-PA versus FPIMRT

comparison showed statistical significance in favor of AP-PA
technique. As a result of bilateral comparisons for V 2 Vasey and
D .. the most disadvantageous technique was FPIMRT while

me;

the most advantageous one was 4-field technique [Table 4].

Thyroid
In the bilateral comparisons for thyroid DVH parameters, the
only significant difference was determined for D__ . D

an mean

Figure 5: Images of isodose distributions on sagittal, coronal, and axial sections of cases. (a) Anterior posterior-posterior anterior technique.

(b) 4-field technique. (c) “Forward” plan intensity modulated radiotherapy

Table 1: Parameters of planning target volume homogeneity and conformity

Value PTV
HI Cl IC
AP-PA 4-field FPIMRT AP-PA 4-field FPIMRT AP-PA 4-field FPIMRT
Minimum 0.15 0.14 0.14 0.90 0.90 0.94 0.24 0.23 0.22
Maximum 0.23 0.15 0.17 0.95 0.97 0.98 0.31 0.32 0.28
MeantSE 0.2+0.01 0.20+0.01 0.15+0.004 0.92+0.006 0.9340.01 0.96+0.005 0.28+0.01 0.28+0.01 0.26+0.008

PTV=Planning target volume, HI=Homogeneity index, Cl=Conformity index, IC=Inhomogeneity coefficient, AP-PA=Anterior posterior-posterior anterior,

FPIMRT="Forward” plan intensity modulated radiotherapy, SE=Standard error
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was the lowest in FPIMRT whereas it was the highest in
AP-PA [Table 5].

Right breast
In the trilateral comparison, the one that gave the highest value
for V, 5, Was 4-field technique. In AP-PA/FPIMRT comparison,
AP-PA technique was found more advantageous. In the bilateral
comparisons for v, oy and D ..o the most advantageous
technique was AP-PA, while the most disadvantageous one
was 4-field. V, . was the lowest in 4-field, while it was the

highest in FPIMRT [Table 6].

Left breast

The trilateral comparison gave the same result as in the right
breast. Out of the bilateral comparisons regarding V, . |
significant difference was determined only in AP-PA/FPIMRT
comparison. AP-PA technique caused a decrease in V.
Furthermore, the results were similar to the ones of the right

breast, regarding Ve, andD [Table 7].

Spinal cord
In the bilateral comparisons, the lowest D__ dose for spinal
cord was obtained with FPIMRT [Table 8].

DISCUSSION

In lymphoma treatment, the risk of RT-induced secondary
cancer is higher in females due to the presence of larger breast
tissue.P! Thus, it becomes essential to reduce the dose to the
breasts in lymphoma patients. In this context, adult women
or adolescent girls with newly developing breast tissue were
included in the study.

As an alternative to conventional AP-PA technique, 3D-CRT,
FPIMRT or “inverse” plan IMRT (IPIMRT) techniques were used
in different studies.!*%°151% These techniques were compared
with conventional AP-PA technique.

In the study of Goodman et al. performed in lymphoma
patients with mediastinal involvement, the comparisons
of IPIMRT/AP-PA and IPIMRT/3D-CRT with regard to
dose-volume parameters resulted in 12% and 14% reductions
in MLD with IPIMRT, respectively. At the same time, although
IPIMRT could provide a better PTV coverage compared to
AP-PA, it was found similar to 3D-CRT in this respect.®
Girinsky et al. showed that IPIMRT did not only provide
higher dose conformity in PTV compared to 3D-CRT but
also could protect the heart, coronary artery, esophagus,
and spinal cord to a greater extent.'® However, the most
important problem with IPIMRT is the fact that large size
of volumes receives low doses. This creates a concern over
a significant increase in secondary cancer risk. Besides, the
fact that IPIMRT planning and application for relatively
wide fields is time and energy consuming has caused this
technique not to be preferred too much.

Table 2: Comparison results of three techniques in terms of
homogeneity index, conformity index, and inhomogeneity
coefficient values

PTV
Comparison type P

HI Cl IC
AP-PA/4-field/ 0.023 0.015 0.180
FPIMRT
AP-PA/4-field 0.23 0.167 1.000
AP-PA/FPIMRT 0.017 0.018 0.182
4-field/FPIMRT 0.03 0.042 0.204

PTV=Planning target volume, HI=Homogeneity index, Cl=Conformity index,
IC=Inhomogeneity coefficient, AP-PA=Anterior posterior-posterior anterior,
FPIMRT="Forward” plan intensity modulated radiotherapy

Table 3: Comparison results of three different techniques in
terms of lung dose-volume parameters

Lung

Comparison type P

VSGy V1OGy VZOGy VSUGy Dmean
AP-PA/4-field/ 0.005 0.006 0.016 0.097  0.008
FPIMRT
AP-PA/4-field 0.018  0.161 0.042 0.109  0.017
AP-PA/FPIMRT 0.027  0.011 0.310 0.276  0.012
4-field/FPIMRT 0.017  0.345 0.028 0.109  0.208

AP-PA=Anterior posterior-posterior anterior, FPIMRT="Forward” plan
intensity modulated radiotherapy, V,, =Percentage volume receiving >5
Gy, V, 6, =Percentage volume receiving >10 Gy, V,,,; =Percentage volume
receiving >20 Gy, V306y=Percentage volume receiving>30 Gy, D, =Mean
dose

Table 4: Comparison results of three different techniques in
terms of heart dose-volume parameters

Heart

Comparison type P

V7.5Gy V15Gy VZSGy Dmean
AP-PA/4-field/ 0.088 0.001 0.002 0.001
FPIMRT
AP-PA/4-field 0.208 0.028 0.028 0.017
AP-PA/FPIMRT 0.018 0.012 0.027 0.012
4-field/FPIMRT 0.499 0.012 0.028 0.012

AP-PA=anterior posterior-posterior anterior, FPIMRT="“Forward” plan
intensity modulated radiotherapy, V7‘56y=Percentage volume receiving >7.5
Gy, V1sGy=Percentage volume receiving >15 Gy, V,_. =Percentage volume
receiving >25 Gy, D___=Mean dose

mean

25Gy

Table 5: Comparison results of three different techniques in
terms of thyroid dose-volume parameters

Thyroid

Comparison type P

V1DGy V1BGy VZSGy V3OGy Dmean
AP-PA/4-field/ 0.135 0.135 0.002
FPIMRT
AP-PA/4-field 1.00 1.00 0.18 0.18 0.035
AP-PA/FPIMRT 1.00 1.00 0.18 0.18 0.012
4-field/FPIMRT 1.00 1.00 0.18 0.18 0.012

AP-PA=Anterior posterior-posterior anterior, FPIMRT="Forward” plan
intensity modulated radiotherapy, V1OGy=Percentage volume receiving >10
Gy, V1aey=Percentage volume receiving >18 Gy, V256y=Percentage volume
receiving >25 Gy, VBOGy=Percentage volume receiving >30 Gy, D__ =Mean
dose
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Table 6: Comparison results of three different techniques in
terms of the right breast dose-volume parameters

Right breast

Comparison type P

V3.SGy V1OGy VzoGy Dmean
AP-PA/4-field/FPIMRT 0.001 0.003 0.005 0.000
AP-PA/4-field 0.012 0.018 0.042 0.012
AP-PA/FPIMRT 0.317 0.016 0.046 0.012
4-field/FPIMRT 0.012 0.028 0.027 0.012

AP-PA=Anterior posterior-posterior anterior, FPIMRT=Forward plan intensity
modulated radiotherapy, V, ., =Percentage volume receiving >3.5 Gy,
V..., =Percentage volume receiving >10 Gy, V, . =Percentage volume

10G
receyiving >20 Gy, D,,,.=Mean dose

20Gy

Table 7: Comparison results of three different techniques in
terms of the left breast dose-volume parameters

Left breast

Comparison type P

v3.SGy V1OGy VZDGy Dmean
AP-PA/4-field/ 0.001 0.006 0.004 0.000
FPIMRT
AP-PA/4-field 0.012 0.050 0.042 0.012
AP-PA/FPIMRT 0.109 0.018 0.042 0.012
4-field/FPIMRT 0.012 0.093 0.027 0.012

AP-PA=Anterior posterior-posterior anterior, FPIMRT=Forward plan intensity
modulated radiotherapy, V3_56y=Percentage volume receiving >3.5 Gy,
V. .. =Percentage volume receiving >10 Gy, V, . =Percentage volume

106y ! 206y
receiving >20 Gy, D, =Mean dose

Table 8: Comparison results of three different techniques in
terms of spinal cord doses

Spinal cord
Comparison type P(D,.)
AP-PA/4-field/FPIMRT 0.002
AP-PA/4-field 0.161
AP-PA/FPIMRT 0.012
4-field/FPIMRT 0.012

AP-PA=Anterior posterior-posterior anterior, FPIMRT=Forward plan intensity
modulated radiotherapy, D =Maximum dose

MacDonald et al. have emphasized that FPIMRT would be
necessary in IFRT for the patients with neck and mediastinal
involvement." While 3D conformal IFRT targeting neck and
mediastinum was planned, sub-fields were formed with
asymmetric jaws and MLCs instead of wedges and other
physical compensators. The sub-fields were designed on the
basis of AP-PA main fields, mostly as at least one pair out of
two pairs of them would avoid high dose regions.

In their study, Cella et al. compared AP-PA technique and
FPIMRT in HL patients with extensive treatment volume.?
In the study of Cella et al., FPIMRT proved to be significantly
superior from PTV standpoint.? Similarly, in this study
significantly higher conformity and homogeneity was obtained
in PTV with FPIMRT compared to AP-PA technique.D__ .V
and IC were 101%, 96.8%, and 0.31, respectively, for FPIMRT
in Cella’s study. In this study, V., and IC were observed to be
95.7% and 0.26, respectively. Although FPIMRT V__ was higher
than that of our study, IC was superior in this study.

95%

Nieder et al. applied 3D-CRT with 4-field technique at 0°,
180°, 90°, and 270° gantry angles in lymphoma cases with
mediastinal involvement." In their study, the patients were
positioned as arms held over their head. However, in this
study, this technique was modified such that anterior-oblique
fields were used. The reasons for this modification are neck
involvement accompanying mediastinal involvement in
our patients, having akimbo position or arms at sides as
treatment position, ensuring some more decrease in the low
dose volumes obtained with two anterior oblique fields with
respect to two lateral fields and the attempt to cover PTV
better particularly by taking advantage of its position closer
to anterior neck. In that study, which compares 4-field, AP-PA
and IPIMRT techniques in small, medium, and large PTV
volumes, median Vs, for PTV was 97% and 95% with AP-PA
and 4-field techniques, respectively showing no significant
difference.™ Similarly, in this study, mean V__, were not
significantly different, 91.8% in AP-PA technique and 93% in
4-field. In Nieder et al.’s study, PTVD__ was the lowest in the
4-field technique for medium and large PTV volumes." In this
study, however, it was lower in AP-PA technique compared to
4-field. The reason for that might be the difference in gantry
angles of additional two fields in these two studies.

Despite the presence of various dosimetric studies, there are
few studies with clinical results using IMRT in lymphoma. 2!
In Lu et al.’s study, dosimetric and clinical results of mediastinal
involved field IMRT in early-stage HL were evaluated.
The median MLD and lung V20 were 13.8 Gy and 25.9%,
respectively. The 3-year local control was 97.9%, and no
grade 4 or 5 acute or late toxicities were reported.?” In Xu
et al.’s study, dosimetric parameters, treatment outcomes, and
toxicity of IMRT in NHL were assessed. The median MLD and
lung V20 were 16.3 Gy and 30.6%, respectively. The 5-year local
control was 89.8%, and no grade 4 or 5 acute or late toxicities
occurred.? These clinical studies support the use of IMRT in
selected lymphoma patients.

No study exists that compare 4-field technique and FPIMRT. In
this study, which appears to be the only one, it can be seen that
FPIMRT is superior to 4-field technique with regard to HI and CI.

When we evaluate FPIMRT and IPIMRT in terms of PTV
coverage, V., with IPIMRT is 95.8%,” 96%," and 98%;"*! and

with FPIMRT 96.8%" and in our study 95.7%. D, with IPIMRT

is 101%;"® and in our study 93.6%. The conformity of IPIMRT
seems superior to FPIMRT, as expected.

In terms of normal tissue sparing, there seems to be an
advantage only for thyroid and spinal cord with FPIMRT
compared to AP-PA technique in Cella’s study.” On the other
hand, expected dose reduction regarding heart, lungs, and
breasts was not observed due to their proximity to sub-fields,
and all results came out similar, except for a significant
superiority for FPIMRT in lung V.  and lung normal tissue

30G;
change P values.? Similarly, in our study, FPIMRT has proved

134 Journal of Cancer Research and Therapeutics - Volume 14 - Issue 6 - October-December 2018



Cini, et al.: AP-PA, 4-field 3D-CRT, FPIMRT, neck, and mediastinum

advantageous only for spinal cord and thyroid against
both AP-PA and 4-field techniques. However, in our study,
different from Cella et al.’s study, FPIMRT was significantly
disadvantageous regarding all parameters of heart and breast,
as well as all parameters of lungs except for Vioey This may be
due to the smallest V_parameter in Cella’s study being Vaoey
On the other hand, the smallest V_was determined as V3_5Gy
in our study to accomplish more comprehensive dosimetric

evaluations and comparisons.

The results of the studies using FPIMRT and those in the
studies using IPIMRT can also be evaluated. Lung V,, . is
64% with IPIMRT:!*¥! 45.1%,? and 20.8% (our study) with
FPIMRT. As expected, FPIMRT seems more advantageous with
respect to IPIMRT regarding Ve, Parameter. This advantage
becomes more evident in V,, . and V, parameters, which
were analyzed in our study. The right breast V, _ is 7.8%
with IPIMRTP! and 2.8% (our study) with FPIMRT. The left
breast V,. is 10.1%with IPIMRTP! and 4.3% (our study)
with FPIMRT. FPIMRT seems to spare both breasts more
extensively with respect to IPIMRT. Thyroid Visey is 64.1%
with IPIMRT" 20.8%? and 35.3% (our study) with FPIMRT.
FPIMRT seems more advantageous compared to IPIMRT

regarding thyroid.

As for almost all organs within the RT field, it is anticipated
that the low dose volumes will be larger in IPIMRT with
respect to FPIMRT. For this reason, since the risk of late side
effects and secondary malignancy might increase in lymphoma
patients due to the high cure rates and incidence in relatively
younger ages, IPIMRT application is controversial in lymphoma
treatment.

CONCLUSION

In the sole comparative study so far on FPIMRT in lymphoma,
this technique has been compared with only AP-PA 2-field
3D-CRT.” However, our study which compared FPIMRT with
both AP-PA 2-field and 4-field 3D-CRT techniques, aimed to
determine the most appropriate technique for both PTV and
normal tissues.

Relatively a low number of cases, retrospective nature of
the study, and lack of clinical endpoints are among the weak
points of this study.

Nonetheless, we have demonstrated that FPIMRT was superior
to 4-field and AP-PA techniques in PTV homogeneity and
conformity. However, in terms of normal tissues, it was more
advantageous than AP-PA and 4-field techniques only for
spinal cord and thyroid, and it was not the most advantageous
one in some dose-volume parameters of breasts, lungs, and
heart. For this reason, in particular for female patients with
lymphoma where breasts and heart are prominently within
the field, it is necessary to be more cautious when using
FPIMRT.
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