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ABSTRACT

The aim of this study was to evaluate and compare the dosimetric parameters of three-dimensional conformal radiotherapy (3D-CRT)
and field-in-field (FIF) techniques for patients with esophageal cancer. Twenty (20) patients with esophageal cancer participated in this
study. Two planning techniques (FIF and 3D-CRT) were generated for each patient by the TIGRT treatment planning system. Two in-
dices namely: Dose Homogeneity Index (DHI) and Conformity index (Cl), as well as maximum dose, mean dose, minimum dose, dose
received by 2% of the target volume (D,); dose received by 98% of the target volume (D,,); volume received greater than 107 % of the
prescribed dose (V> 107%); volume received less than 95% of the prescribed dose (V< 95%); Dose received by organ at risks (OARs)
and total Monitor Unit (MUs) were used for the comparison. The mean values were then compared using paired sample t-test. The FIF
technique reduced the maximum dose and mean dose in the planning target volume (PTV). The FIF technique had higher D98, lower
D, and V< 95%. The FIF plan recorded a better DHI than the 3D-CRT technique. However, the FIF did not show any significant differ-
ences in minimum dose, V>107%, Cl and MUs compared with the 3D-CRT technique. In addition, the FIF technique demonstrated
reduced dose received by the OARs in the treated region. The FIF technique enables better dose distribution in the PTV and reduces
dose to OARs in esophageal radiotherapy.
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INTRODUCTION radiotherapy.*® Radiation therapy alone results in
poor local control and survival. Adjuvant radia-
tion after resection has been used to amend local

control and survival.® In comparison with surgery

Cancers are among the most common causes of
death all over the world. It is estimated that the
overall incidence of all types of cancers will in-

crease by 45% in developed countries by 2030.'
Esophageal carcinoma (EsC) is the eighth most
prevalent cancer and the sixth most prevalent cause
of mortality due to cancer worldwide.” EsC is one
of the least studied and deadliest cancers world-
wide because of its profound aggressive nature and
poor survival rate.’?

Surgery remains the main treatment modality in
very early esophageal cancer. However radiother-
apy plays an important role in patients with stage
I-IVA esophageal cancer either as chemoradiother-
apy followed by surgery or as definitive chemo-
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alone, randomized trials have shown no significant
overall survival (OS) benefit for postoperative ra-
diation therapy.”$

Three-dimensional conformal radiotherapy (3D-
CRT) is widely and routinely utilized for the treat-
ment of different malignancies in the body.® In EsC
radiotherapy treatment planning, radiation fields
are defined by employing anteroposterior (AP) and
posteroanterior (PA) fields or by three fields in the
esophageal cancer region and special filters or cer-
robend blocks are placed in the path of a beam to
achieve a uniform dose distribution inside the tar-
get volume.
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Wedge filter is the commonly used beam modify-
ing contrivance that reduces the radiation intensity
progressively across the beam, besides it is used to
compensate for the missing tissues. One of the dis-
advantages of the wedge is the extra scatter which
emanates from the wedge and may be integrated
into the peripheral dose. In areas like the abdomen
and thorax, the utilization of wedge provides only
minimal improvement in the dose inhomogeneity.
It reduces the effect of low energy x-rays in the
megavoltage beams and causes a beam harden-
ing effect which can alter the depth dose at larger
depths.>1°

A great progress in 3D-CRT has been achieved
with the introduction of multileaf collimators
(MLCs).”!! The field-in-field (FIF) technique is a
radiotherapy technique, and is also known as for-
ward intensity-modulated radiotherapy (IMRT).
The aim of the forward IMRT is to increase dose
homogeneity in the target volume while decreasing
the absorbed dose in the irradiated tissues outside
the targeted tissue. There are other reports on the
utilization of the FIF technique to improve dose
distribution.'>"® Forward planning has been rou-
tinely utilized in the treatment of breast cancer and
shown to give better dosimetric results than the
conventional wedge fields. Due to the widespread
utilization of conformal radiotherapy in develop-
ing countries, the authors decided to compare two
conformal radiotherapy techniques in the field of
dosimetric parameters. There is scarce literature on
the utilization of the FIF technique at other sites.
This study was designed to evaluate the feasibility
of the FIF technique for esophageal cancers.

PATIENTS AND METHODS

Twenty (20) patients with esophageal cancer,
candidates for pre-operative radiotherapy, were
selected for this study. There was no sex and age
limitation. The patients were immobilized with a
thermoplastic mask while they were in supine posi-
tion with hands lifted above their heads. Thereaf-
ter, all the patients underwent CT scanning with a
64 slice Philips Brilliance system for 3-mm slice
thicknesses; then, CT datasets were transferred to a
TiGRT treatment planning system'* through a DI-
COM network. The radiation oncologist then con-
toured the gross tumor volume (GTV), planning
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target volume (PTV) and organ at risks (OARs) on
the planning CT slices, according to the guidelines
of the International Commission of Radiation Units
and Measurements (ICRU)'>'¢ as well as Perez &
Brady’s principles and practice of radiation oncol-
ogy."” In PTV contouring, the radiation oncologist
used the patients last diagnostic CT-scan and endo-
ultrasonography (EUS). In some patients, PET im-
aging is also useful in defining PTV. EUS is the
best modality for defining both the longitudinal
and radial extent of the primary tumor.'® The radia-
tion physicist performed the plan by the treatment
planning system for a single energy linear accel-
erator (Siemens Primus) equipped with 51 pairs of
multileaf collimators (MLC).

For all the cases, two plans were generated: a 3D-
CRT and a field-in-field based treatment plan. The
fields of both techniques covered the entire PTV.
The lymph nodes were included in the radiation
target volume. Conforming field borders that allow
the dosimetric coverage of PTV should be devised
(usually another 5 to 10 mm to the field edge). The
prescribed dose for the PTV was 50.40 Gy in 28
fractions with 6 MV x-ray. The prescribed dose
was carried in two steps. In the first step, paral-
lel opposed beams (AP/PA) were delivered 30.60
Gy/17 fr, then three field techniques (AP/LPO/
RPO) were used for dose delivery (19.80 Gy/11
fr). This method of dose delivery causes better
dose homogeneity with less normal tissue compli-
cations. Physical wedge was not used in 3D-CRT
plans. In the FIF technique, several less-weighted
fields with a small treatment portal size were se-
lected to optimize dose distributions in the main
fields that were used for 3D-CRT. Through a trial
and error process, the optimized FIF plans were
determined by evaluating the 3-D dose distribu-
tion and dose-volume histogram. Several subfields
were merged into the main field, including several
multileaf collimator segments for sequential irra-
diation. Through the use of beams eye view, high
dose regions above 105% of the maximum dose,
were shielded with MLCs in the steps of 5% dose
level (Figure 1). The weights of the MLC segments
were adjusted manually to reduce the hotspots until
an optimal dose distribution, with better dose ho-
mogeneity, was achieved inside the target volume.
Both plans were evaluated and compared for the
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Figure 1. Main fields (top row pictures) and subfields (bottom row pictures) for removing hot points in patients with esophageal cancer.

following: mean dose, maximum dose, minimum
dose; dose received by 2% of the target volume
(D,); dose received by 98% of the target volume
(Dyg); volume received greater than 107% of the
prescribed dose (V> 107%); volume received less
than 95% of the prescribed dose (V< 95%); total
Monitor Unit (MUs); conformity index (CI) and
homogeneity index (HI). CI represents the ratio of
volume enclosed by the prescription isodose to the
target volume; and CI values ranging from 0-1. A
higher CI value indicates higher dose conformity
to the target.!”” HI is defined as follows. Lower HI
values indicate a more homogeneous dose distribu-
tion and doses to organ at risks.?

Dz - D98
H=—— X 100%

prescrition

Statistical Analysis

Statistical analysis was conducted using SPSS ver-
sion 20.0. The normality of the data was assessed
using the Kolmogorov-Smirnov (K-S) test. After
verification of the data with normality test, the
paired sample t-test was used to compare the mean
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values of the parameters between the two groups of
patients. p value <0.05 was considered to be statis-
tically significant.

RESULTS

The demographic characteristics of the patients un-
der study and PTV volumes are given in Table 1.
The dose-volume histogram (DVHs) comparisons
of the wedge field technique versus FIF in a typical
case of esophageal cancer are presented in Figure
2. The isodose distributions of 3D-CRT and FIF-
based treatment planning in esophageal cancer are
shown in Figure 3. Table 2 presents the dosimetric
comparison between the techniques according to
the indices and parameters. In addition, the doses
received by organ at risks in the region are present-
ed in Table 3.

According to Table 2, the maximum dose and
mean dose to the PTV were significantly reduced
using the FIF technique (p< 000 and p< 0.003, re-
spectively). However, there was no significant dif-
ference in terms of the minimum dose. In terms
of V> 107%, there was no difference between the
techniques. However, D2 in the FIF technique was
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Table 1. Demographic characteristics of the patients and
data on PTV volumes.

Table 2. Dosimetric comparison of the PTV parameters be-
tween 3D-CRT and FIF techniques

Characteristics (Mean+SD*) Esophagus (n= 20)

Age (years) 59.3+12.3
Weight (kg) 61.2+11.7
Height (cm) 168.7+9.3
BMI (kg.cm™?) 21.6+5.1
PTV volume (cm3) 312.8+80.7

* Standard deviation (SD)

significantly lower than 3D-CRT (p< 0.001) and
D98 in the FIF technique which was significantly
higher than the 3D-CRT technique (p< 0.004). V<
95% in the FIF technique was less compared to the
3D-CRT technique (p< 0.012) (Table 2).

The FIF technique allowed more homogeneous
dose distributions compared to the 3D-CRT tech-
nique. The The HI mean values were 0.119+0.026
and 0.0545+ 0.0128 for the 3-D CRT and FIF tech-

Para- 3D-CRT FIF p value
meters (Mean+SD*) (Mean+SD*)

Do 5275.50+19.41  5239.73:2029  0.003
D,  5816.67+106.91 552898+138.79  0.000
D,  4918.23+72.22  4918.66:47.60  0.984
D, 110.8+2.94 104.8+1.49 0.001
D,  98.79:0.90 99.4120.63 0.004
V>107% 0.000.00 0.000.00 -

V<95% 1.8520.75 1.32+0.59 0.012
cl 0.94+0.079 0.97+0.46 0.140
HI 0.119:0.026 0.0545:0.0128  0.001
MU, 241.7+18.31 239.3+5.42 0.174

Total

* Standard deviation (SD)

niques, respectively (p< 0.001). However, there
was no significant difference in CI between the two
techniques.
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Figure 2. Comparisons of dose-volume histograms of wedge field technique versus FIF for esophageal cancer. (a) The PTV dose-
volume histogram; (b) The spinal cord (OAR) dose-volume histogram; (¢) The Right lung (OAR) dose-volume histogram; (d) The left
lung (OAR) dose-volume histogram. Dotted line is related to Field-in-field technique.
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Figure 3. The isodose distributions of 3D-CRT and FIF treat-
ment planning in esophageal cancer. Right side figure is 3D-
CRT and left side figure is field in field techniques isodose dis-
tribution.

The mean MU value + standard deviation re-
quired for the 3D-CRT and FIF techniques were
241.70+18.31 and 239.30+5.42, respectively. The
difference in the average MU values used in the
3D-CRT and FIF techniques was not statistically
significant (p= 0.174) (Table 2).

When the doses received by OARs were compared,
they were in favor of the FIF technique. However,
with regards to the heart, there was no significant
difference between both techniques (p= 0.154)
(Table 3).

DISCUSSION

A number of studies have demonstrated the dosi-
metric benefits of FIF compared with the 3D-CRT
technique for breast cancer studies and there are
few studies on the feasibility of this technique in
other parts of the body.!!?! This study demonstrated
that, in general, the FIF technique had a better do-
simetric outcome concerning the PTV mean dose
and maximum dose, HI, D,, D, and V< 95% than
the 3D-CRT. However, there was no significant
difference in the minimum dose, V> 107%, CI and
MU between the two techniques.

The present study demonstrated the following as
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the advantages, when using the FIF technique: it
reduced the scattered dose to patient, some hot
spots that might persist in the 3D-CRT technique
were avoided by adopting the FIF technique, main-
taining the same gantry angles for each set of mul-
tiple fields ensured that there was no increase in
setup complexity and that treatment can be deliv-
ered quickly and reliably.*!*12

In recent years, there has been rapid improve-
ment in the software and hardware of linear accel-
erators.”’ The MLC is used instead of wedges for
treatment techniques. When MLC was used, there
was a decrease in the dose which scattered to un-
necessary parts of the body.?*?

Our data showed that the FIF technique signifi-
cantly reduced the maximum and mean doses of
the treated region; however, in terms of minimum
dose, there was no superiority in the application
of the FIF technique. Prabhakar et al." compared
these two techniques in different sites of the body
and concluded that, for all the cases, the FIF tech-
nique was better than the 3D-CRT technique in
terms of the maximum and mean doses. In their
study, Yavas et al.?! reported that the FIF technique,
compared to the 3D-CRT for the whole breast ra-
diotherapy caused a significant decrease in the
maximum dose and mean dose of the PTV. In their
study, Allaveisi et al.** compared the 4-field con-
formal radiotherapy and FIF radiotherapy of the
esophagus and found that FIF causes reduction in
the maximum dose of PTV. Therefore, in terms of
these parameters, the result of the present study is
in agreement with those of previous studies.*'*

D2 was lower in the FIF technique and it caused
an increase in the dose homogeneity of the target
volume. In both techniques, V> 107% was the
same and these results confirmed the study done
by Prabhakar et al.>!°

Table 3. Dosimetric comparison of doses of organ at risks (OARS)

Organs at Risk 3D-CRT (Mean+SD*) FIF (Mean+SD) p value
Right Lung (V20) 13.4+6.8 8.8+3.1 0.082
Left Lung (V20) 19.3+4.2 12.2+5.1 0.021
Spinal Cord (Dmax) 3541.02+487.65 3260.90+546.19 0.001
Heart (V30) 42.8+7.2 39.2+6.8 0.154

* Standard deviation (SD)
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In the present study, D98 was significantly higher
for the FIF technique compared to the 3D-CRT
technique. This result was in conflict with the re-
sults of Prabhakar et al.’s study.’

In the FIF technique, V< 95% was less compared
to 3D-CRT in the present study, which corroborates
the findings by Hidekazu Tanaka et al.*® In their
investigation, it was shown that the FIF technique
had less V< 95% for the FIF breast radiotherapy
technique.

A comparison of HI between the plans showed
statistically significant results with the FIF plans,
confirming the findings of Baycan et al.'®, Yavas et
al.?, Ercan et al.'?, and Allaveisi et al.>* who com-
pared the two techniques and showed significant
improvement in HI with the FIF technique. How-
ever in the field of CI, there was no significant dif-
ference between the two techniques, which was in
agreement with the previous study by Baycan et
al.’®

In terms of total MU, the present study did not
show any significant difference between the two
techniques, which was in agreement with the
previous study by Chui et al.?’ In their study, Al-
laveisi et al.** found a significant difference be-
tween both techniques, because in other studies
wedge-based radiation fields are used in the 3D-
CRT technique,?'*® which can be explained by the
fact that MU doses are higher with wedge-based
plans because of radiation scatter. But in this study,
radiation fields were used that did not have wedge;
thus, the difference between this study and others
could be understood. However, 1i-Min Sun et al.
compared these two techniques for breast cancer
radiotherapy and showed that the FIF technique
had a greater total MU compared to the 3D-CRT
technique and their results were in conflict with
those of other studies in breast regions.?

The doses received by organs at risk in the present
study were significantly reduced with the FIF tech-
nique. Prabhakar et al.”!® showed that the FIF tech-
nique caused less maximum dose to organ at risks
when compared with the 3D-CRT method. Also,
other studies in other regions showed this reduc-
tion in dose to OARs, and it was in agreement with
the present study.

Darby et al.” reported that the risk of ischemic
heart disease increases with increase in the dose
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received by the heart with a threshold of 7.4% per
gray. Therefore, a reduction of the heart dose is
very important in the radiation therapy of the tho-
rax region.

Conclusion

The results of this study revealed that the use of
the FIF technique depends on the complexity of the
plan. It would be easier to use this technique when
the number of beam fields is few; when the num-
ber of beams is more than three, it becomes time
consuming for the planner. This study showed that
the FIF technique had a superior dosimetric out-
come to the 3D-CRT technique for esophageal can-
cer. There is no study on the application of the FIF
technique in the esophageal region and most of the
studies are on breast cancer. The FIF technique is
a time consuming technique and it highly depends
on the physicist’s experience, knowledge and accu-
racy of the treatment planning system. Therefore,
it can be expected that different results will be ob-
tained in different studies. To the author’s knowl-
edge, the FIF technique is superior to 3D-CRT and
it can also be used as a complementary technique
to 3D-CRT, so as to improve the dosimetric results.
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