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Introduction: Field-In-Field (FIF) is a manually based forward Intensity-Modulated Radiation Therapy (IMRT) plan for which the calculated dose is modified
in certain dose distribution areas by creating multiple lower-weighted reduction fields based on the primary field. The most common used form of FIF is the

non-angled FIF, but if the inner subfield(s) is/are set at a different gantry angles from the major one, we will get a different design of the FIF technique, which

Aim: The purpose of this study was to study the Angled Field-In-Field technique - as a new advanced form of FIF technique - and its related isodose lines

Method: Using TPS and on the 2D-Array, a simple form of Non-Angled FIF (NAFIF) plan consists of 7X7cm? field entire another larger 15X15cm? field as

a main field is designed on TPS. The two fields were set at the zero gantry position. Other FIF plan forms are designed in which the smaller inner field is set to
(5°,10°, 15°, 20° and 25°) gantry angles while the main field is fixed at zero gantry angle. The all FIF plans were verified using the 2-Dimintional lonization

Chamber Array (2D-Array) and its related Verisoft software. The Angled FIF, wedged and open fields were compared for studying their related isodose lines

different shapes.

of isodose lines which is a stair shape.

ABBREVIATIONS

FIF: Field-In-Field; IMRT: Intensity-Modulated Radiation
Therapy; NAFIF: Non-Angled Field-In-Field; 2D-Array:
2-Dimintional Ionization Chamber Array; CRT: Conformal
Radiation Therapy; 3-D CRT: Three-Dimensional Conformal
Radiation Therapy; CT: Computed Tomography; RTPS: Radiation;
TPS: Treatment Planning Systems; DRRs: Digitally Reconstructed
Radiographs; DVHs: Dose Volume Histograms; MLCs: Multi-Leaf
Collimators; PTV: Planning Target Volume; AFIF: Angled Field-
In-Field technique; Linac: Linear Accelerator; DICOM: Digital
Imaging and Communications in Medicine System; SSD: Source
to Surface Distance; CMS: Computerized Medical Systems; XiO
: Name of Three Dimensions Treatment Planning System; MAFIF:
Multiple Angled FIF Technique

Results: The results showed that the Angled Field-In-Field technique can be used as anew advanced technique for the radiotherapy and it has a new shape

Future work: We predict that a Multiple-Angled Field-In-Field technique in which, the inner fields can be set at different angles in the same or reverse

direction of the main angled field. This design has unknown isodose shape, but we predict that it can result in a semi-sloped stair shape, so it needs more study.

INTRODUCTION

Three-Dimensional Conformal Radiation Therapy
(3D-CRT)

Three-dimensional (3D) conformal radiation therapy has
been demonstrated to improve tumor targeting and to reduce
normal tissue volume exposed in several malignancies [1]. The
ideas of three-dimensionality, beam shaping, and irradiation of
tumours through multiple fields from different beam angles to
reduce the dose to normal tissues have always been present
in radiotherapy practice. When the appropriate technology to
deliver 3-D CRT, such as Computed Tomography (CT) simulators,
radiation treatment planning systems (RTPS) capable of
performing three dimensional dose calculations, producing
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digitally reconstructed radiographs (DRRs) and DVHs, and beam
shaping devices such as multi-leaf collimators (MLCs) became
available, this way of planning and delivering radiotherapy soon
gained popularity [2,3].

Field-In-Field technique

Field-in-field planning, another technique used to generate
the effect of intensity-modulated fields but based on forward
treatment planning (Figure 1). It is used extensively at M. D.
Anderson Cancer Center for planning radiation treatments of the
breast [4,5].

3D-CRT planning software helps in displaying the 3D dose
distribution at differentlevelsin the planned target volume (PTV).
Physical or dynamic wedges are commonly applied to obtain
homogeneous dose distribution in the PTV. Despite all these
planning efforts, there are about 10% increased dose hot spots
encountered in final plans. To overcome the effect of formation
of hot spots, a manual forward planning method has been used
[6,7]. In this method, one or two more beams with multi-leaf
collimator (MLC) of different weights are added in addition to
the main used beams in the major plan and sometimes; when we
use the FIF technique, we can dispense the physical and dynamic
wedges.

Non-Angled Field-In-Field technique (NAFIF)

It consists of a main field and a smaller field inside the main
one. The smaller field is set at the same gantry angle of the main
field. This can give the standard definition of the known and
usually used FIF technique.

Angled Field-In-Field technique (AFIF)

It has the same design as the NAFIF technique but the smaller
field will be set at a different gantry angle from the main field.

MATERIALS AND METHODS
Phantom setup, CT scanning and preparation within

TPS

For the field-related verification process, no special phantom
was necessary; the 2-Diminsional Ionization Chamber Array
(2D-Array) was impeded between two blocks from solid slab

phantom slices. One block of 5cm thickness was put under
the 2D-Array for backscattering and the second one of 4.5cm
thickness was put above the 2D-Array surface where the
chambers of 2D-Array arranged in the device at one plane under
the surface by 0.5 cm. Therefore, the depth above the chambers
was 5 cm. The 2D-Array device with the blocks was put on the
Linac-couch and adjusted where the chamber at the center of the
device at isocenter (at 100 cm from the radiation source) [8-10]
(see Figure 2). The phantom arrangement was CT scanned then
in exactly the same way as it was later used for the verification
measurements. To achieve an adequate spatial resolution during
the following verification dose calculations, it was essential
to scan the phantom with a sufficiently small slice thickness.
We have scanned the phantom with a slice thickness of 2 mm.
The scanned phantom was imported via a Digital Imaging and
Communications in Medicine system (DICOM) to TPS. Directly
after import, it was convenient to define a user origin within
TPS exactly at the effective measuring point of the central ion
chamber of the array.

Treatment Planning Procedures
Open Field procedures (on the TPS):
- The following steps were done respictively;

1) Onthe 2D-Array phantom, we designed a field with size of
15x15cm? at zero gantry and Source to Surface Distance
(SSD) =94.8 position as it is shown at the next Figure (3).

2) Dose distribution was calculated by the TPS.

3) The total plan was sent to the VeriSoft to be verified.

Field-In-Field procedures

We can use different arrangements of FIF to deal with the
patient treatment planning like; (15,7) field, which means that
beam a 15x15 cm? square field will be opened as a major one
and another smaller (or minor) field will be set inside that the
major one. Other different arrangements like: (20,5), (20,10), .....,
(40,20), ..... . In this study we chose the (15,7) as an example of
FIF (Figure 4).

Non-Angled Field-In-Field (NAFIF) procedures (on the
TPS):

Figure 1 Shows an example of the isodose lines of the FIF technique for a 7x7cm? field which is set entire a 15x15cm? field at the zero angle position.
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Figure 2 For the field-related verification the 2DARRAY was simply located between RW3 plates. 5 cm RW3 material were below and 4.5 cm above
the 2D-Array.

Central Axis of the field

— at Gantry angle = 0°

SSD=94.8cm

Field size= 15x15cl

2D-Array

The center (14x14)
ionization chamber
of 2D-Array

Figure 3 The 2D-Array setup where an open 15x15cm? field was applied at zero gantry position.

7 cm
15¢cm

15cm

Figure 4 Shows an example of Field-In-Field technique. The darken area is the smaller 7x7cm? beam opened inside the larger 15x15cm? one.
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- The following steps were done respictively;

1) On 2D-Array phantom, we designed a field of size
15x15cm? at zero gantry position, another smaller field of size
7x7cm? was designed intire the larger one at the same gantry
position as it is shown at the next Figure 5.

2)  The dose distribution was calculated by the TPS.

3) The total plan was sent to the VeriSoft to verify the
application of this beam on the treatment machine (the Linac).

Angled Field-In-Field (NAFIF) procedures (on the TPS):

- All previous procedures of section 2.2.4 were repeated at (5
,10°, 15,20 and 25°) gantry angles as follows in the next Figures
6-10.

Wedged Field procedures (on the TPS):
- The following steps were done respictively;

1)  Using the TPS, a 15x15cm? treatment field is designed
on the 2D-Array phantom.

2) A wedge of angle 15" is applied to this field as it was
shown at the next Figure (11).

3)  Then the dose distribution was calculated by the TPS.
4)  The total plan was sent to the VeriSoft to be verified.

5)  Allthe previous four steps were repeated but at (30', 45
', 60" ) wedge angles as follows in the next figures 12-14.

Dosimetric Verification of FIF technique using the two-
Dimensional Ionization Array (2D-Array) and The Analysis

SSD=94.8cm - -} - - -1 >

Field size= 15x15cm”

2D-Array

EP Central Axis of both the two
44—
A

fields (15,7) at

|« -4----- SAD=100cm

Field size= 7x7cm’
rd

Figure 5 Shows the 2D-Array setup where a 7x7cm? field was applied inside a 15x15cm? field at the zero gantry position.

Central Axis of the main filed

(15x15 cm?) at Gantry angle = @

. o 2
Field size= 15x15cm _

2D-Array

<+ Central Axis of the angled smaller

filed (7x7 cm?) at

[T P SR PR

- - - Field size= 7x7cm’

Figure 6 Shows the 2D-Array setup where a 7x7cm? field with gantry angle=5" was applied inside a 15x15cm? field with gantry angle=0°.
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Central Axis of the main filed (15x15 cmz) at
Gantry angle =0’

Field size= 15x15cm”

2D-Array

Isocenter of the two fields - -~

I

> «—— Central Axis of the angled smaller filed

(7x7 cm?) at

-7 Gantry angle = 10°
_- SAD=100cm

Field size= 7x7cm’

Figure 7 Shows the 2D-Array setup where a 7x7cm? field with gantry angle=10" was applied inside a 15x15cm? field with gantry angle=0°.

Central Axis of the main filed (15x15 cm?) at
Gantry angle=0

<4—— Central Axis of the angled smaller

filed (7x7 cmz) at

SCELEE Tro OO T

Isocenter of the two fields - = =

Figure 8 Shows the 2D-Array setup where a 7x7cm? field with gantry angle=15" was applied inside a 15x15cm? field with gantry angle=0°.

Central Axis of the main filed (15x15 sz) at
Gantry angle =0

Field size= 15x15¢cm’ - >

2D-Array

Isocenter of the two fields - -~

— e

«— Central Axm of the ar;gled smaller
filed (7x7 cm®) at

-7 Gantry angle = 20

- SAD=100cm

Field size= 7x7cm’

Figure 9 Shows the 2D-Array setup where a 7x7cm? field with gantry angle=20" was applied inside a 15x15cm? field with gantry angle=0°.
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Software “VeriSoft”: To be ensured that the FIF fields are
valid on the treatment machine during the treatment of the
real patient, we made a dosimetric verification of it using the
2D-Array seven29 solid phantom. We performed a treatment
planning with FIF for three different cases with three different
tumor sites (Breast, Prostate and Brain). The 2D-Array in
combination with the VeriSoft analysis software was used as a
dosimetric verification tool of clinical FIF fields. For this purpose,
the CMS (Xio 4.6.2) was used, which has the ability of performing
a FIF plan and SIEMENS ARTISTE Clinac accelerator, which is
equipped with dynamic multileaf collimator.

Verification of Angled Field-In-Field planning technique:

Central Axis of the main filed (15x15 cm?) at ’—>q5 P

Gantry angle=0

X o 2
Field size= 15x15cm >

2D-Array

Isocenter of the two fields - - =

Using TPS, five angled FIF plans were performed. Each plan
contained a large field 15x15cm? and a smaller field 7x7cm?
where the smaller field was inside the larger one and the samller
field was set at a different gantry angle for every plan. The five
gantry angles used are; (5°, 10°, 15°, 20° and 25’ ). The dose profiles
of plans were sent separately to the VeriSoft to be compared with
that measured by the 2D-Array.

RESULTS AND DISCUSSION

Results

Field-in-field is a new technique enables us to generate the
same or better effect of intensity-modulated fields. Additionally,

Central Axis of the angled smaller
filed (7x7 cm?) at

| -

| _.--"  Gantryangle=25

- _ - SAD=100cm

S| sabbl SIS OWIS]

fctive Bemm: 12 % ©

Figure 11 Shows the 2D-Array setup where a 15x15cm? field with a wedge angle = 15° and gantry angle=0" was applied.
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Figure 12 Shows the 2D-Array setup where a 15x15cm? field with a wedge

() e

angle = 30° and gantry angle=0" was applied.

EZRERAANERRRT ]

Figure 13 Shows the 2D-Array setup where a 15x15cm? field with a wedge angle = 45° and gantry angle=0" was applied.

(Znnm

FIF is carrying on forward treatment planning.

Verification of Field-In-Field planning technique: The next
Figure 15 showed the matching percentage between the plan
received from TPS and that measured by 2D-Array. The result
was 100% (excellent) matching, where the total dose point were
729, the evaluated dose points were 371, the passed points were
371 and the failed points were 0 points. Although of being the
result of matching was 100% but we noticed some semi yellow
colored regions within the gamma distribution (in the right lower
window of Figure 15) which means that there were some failed
points which couldn’t be counted in the matching percentage.

This was because of being the used gamma index criteria was; 3
mm Distance-To-Agreement, 3% Dose Difference with reference
to maximum dose of measured data set and suppress doses below
5% of maximum dose of measured data set (see Figure 16). This
criteria was the standard one according to the VeriSoft system
guide but if we used a different criteria, the matching percentage
might be changed.

Figure 15: Shows a print screen of the VeriSoft software that
shows a comparison result between the (15,7) FIF plan (at gantry
angle=0") received from the TPS and the measured one by the
2D-Array.
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Figure 14 Shows the 2D-Array setup where a 15x15cm? field with a wedge angle = 60° and gantry angle=0" was applied.
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- Failed: 0{0.0 %)
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= Gamma 2D
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-60 Max: (LR=30.0 mm, TG=20.0 mm}) 0.635
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Gamma...

Figure 15 Shows a print screen of the VeriSoft software that shows a comparison result between the (15,7) FIF plan (at gantry angle=0°) received

from the TPS and the measured one by the 2D-Array.

Verification of Angled Field-In-Field planning technique:
When we compared every angled treatment planning technique
received from the TPS with that measured by the 2D-Array at the
same plan gantry angles, we got the next results as it is shown in
Figures 17-26.

As we noticed from the last ten figures, all the five angled
Field-In-Field plans were verified and the all comparison results
were excellent. This led us to a major result, is that also the
angled Field-In-Filed radiotherapy planning technique is already
accurately applicable on the linear accelerator.
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Comparison between Angled Field-In-Field and Wedged
Field planning techniques: We used the (15,7) FIF plan (where
the 7x7cm? field was at gantry angle=25" and the larger filed
15x15cm? was at gantry angle=0") versus awedged plan of a single
15x15cm? field with a 60 virtual wedge. The angled (15,7) FIF
plan at Figure 27a already had the same effect of the wedged field
regarding to the dose distribution, where it decreased the dose
weight to the volume against the gantry angle which achieved the
same effect of the thick side of the wedge and increased the dose
weight to the volume toward the gantry angle which achieved the
same effect of the thin side of the wedge. Also we noticed that the
isodose lines of the AFIF plan had a shape differs from the shape
of the wedged filed plan isodose lines, where in FIF plan, the
decreased dose weight at the volume against gantry angle made
the isodose lines also decreased toward the phantom surface at
the same volume but the increased dose weight at the volume
toward gantry angle made the isodose lines increased far from

Administrative Data

the phantom surface at the same volume. The resulted shape of
Angled FIF isodose lines was like stairs shape. So we called that
shape of the AFIF isodose lines (the Stair Shape) (new addition).
And the wedged and open fields gave a slope and straight shapes
respectively (see Figure 27 and 28).

The next table 1, showed a comparison between the local
doses received by the 2D-Array 15 ionization chambers marked
in figure 24c for angled field-in-field, wedged and open fields.

Figure 28: showed a line chart for the local doses shows in
table 1. For the open field the line chart nearly took a straight
shape, but for the wedged field seemed as a sloped shape and
for the angled field-in-field nearly took a stair shape. The stair
isodose is a completely new shape of isodose lines which did not
be mentioned before so it is a new addition.

Radiation Therapy Planning: As we mentioned in the

Institution Alexandria Ayadi Almostakbl Oncology Center [(A880C)
Physicist Sabbah Ibrahiem

PatientlD

PatientName

Comment CpenFIF(15,7)at Gantry Angle=0andcoll.=0

Data Set A

CiiUsers\ssss\Desktop\IMRT patients calibration\sabbah\werfiles from cms using OCTAVIUS 2DAmay'sabbah fif gantry

angles\sabbah fs 15and7go.bt
Data Set B

C:\UsershssssDesktop\IMRT patients calibration‘\sabbah\measurements using OCTAVIUS 2DArray depth1S\fs 15x15 and 7x7 gO'fs

15 and 7 GO.mcc

Manipulations

Command Data Set Parameters Value
Calibrate B Factorf=a/b= 100.000
Currentunit Gy
Mew unit S
e e
TG 0.0 mm

Gamma 2D - Parameters

3.0 mmDistance-To- Agreement

3.0 %, Dose Difference with ref. to Max. dose of measured data set

Suppress doses below 5.0 % of max. dose of measured data set

Statistics

Number of Dose Points
Evaluated Dose Points

745

371 (509 %)

Passed 371 (100.0 %)
Failed 0 (0.0 %)
Result 100.0 %% (Green)
Settings

Passing critena Gamma= 1.0
Green S90.0 % to100.0 %
Yellow 750 % to 90.0 %
Red 0.0% to 75.0 %

Db £ SN

i 4 0 W AW

Figure 16 A print screen of the VeriSoft software verification result print review that shows a comparison result between the (15,7) FIF plan (at
gantry angle=0°) received from the TPS and the measured one by the 2D-Array.
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Figure 17 Shows a print screen of the VeriSoft software that shows a comparison result between the (15,7) FIF plan at gantry angle=5° received
from the TPS and the measured one by the 2D-Array.
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B e e s I e e e g
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Number of Dose Paints ]
Evaluated Dose Points 371 (50.9 %)
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Red 0.0% to 75.0 %

Dommticng £ JREN

o

o B M oam
-

Figure 18 A print screen of the VeriSoft software verification result print review that shows a comparison result between the (15,7) FIF plan (at
gantry angle=5") received from the TPS and the measured one by the 2D-Array.
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Figure 19 A print screen of the VeriSoft software that shows a comparison result between the (15,7) FIF plan (at gantry angle=10") received from
the TPS and the measured one by the 2D-Array.
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Institution Alexandria Ayadi Almostakbl Oncology Center (ARAQC)
Phy sicist Sabbah Ibrahiem

PatientlD

Patient Name

Comment O penFIF(15,7)at Gantry Angle=10 andcoll.=0

Data Set A

Ci\Usershssss\Desktop \IMRT patients calibration\sabbah'wer files from cms using OCTAVIUS 2DAmay \sabbah fif gantry
anglesisabbah fs15and7 g1 0again.bxt

Data Set B

Ci\Usersissss\Desktop\IMRT patients calibration\sabbahmeasurements using OCTAVIUS 2DArray depth1S'fs 15x15 and 7x7 gl0fs
15 and 7 G10.mcc

Manipulations

Command Data Set  Parameters Value
Calibrate E Factorf=a/ b= 100.000
Currentunit Gy
Mew unit Ya
Setzero T AT LR 25 mm
TG 0.0 mm

Gamma 2D - Parameters

3.0 mm Distance- To- Agreement
3.0 % Dose Difference with ref. to Max. dose of measured data set
Suppress doses below 5.0 % of max. dose of measured data set

Statistics

NumberofDose Points 729
Ewaluated Dose Points 372 (510 %)
Passed 372 (100.0 %)
Failed 0 (0.0 %)
Result 1000 % (Green)
Settings

FPassing critena Gamma<=1.0
Green S0.0 % to100.0 %
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e
L

Figure 20 Shows a print screen of the VeriSoft software verification result print review that shows a comparison result between the (15,7) FIF plan
(at gantry angle=10") received from the TPS and the measured one by the 2D-Array.
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Figure 21 Shows a print screen of the VeriSoft software that shows a comparison result between the (15,7) FIF plan (at gantry angle=15") received
from the TPS and the measured one by the 2D-Array.
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Figure 22 Shows a print screen of the VeriSoft software verification result print review that shows a comparison result between the (15,7) FIF plan
(at gantry angle=15") received from the TPS and the measured one by the 2D-Array.
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Figure 23 Shows a print screen of the VeriSoft software that shows a comparison result between the (15,7) FIF plan (at gantry angle=20°) received
from the TPS and the measured one by the 2D-Array.
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Figure 24 Shows a print screen of the VeriSoft software verification result print review that shows a comparison result between the (15,7) FIF plan
(at gantry angle=20") received from the TPS and the measured one by the 2D-Array.
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Figure 25 Shows a print screen of the VeriSoft software that shows a comparison result between the (15,7) FIF plan (at gantry angle=25") received
from the TPS and the measured one by the 2D-Array.
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Figure 26 Shows a print screen of the VeriSoft software verification result print review that shows a comparison result between the (15,7) FIF plan

(at gantry angle=25"

) received from the TPS and the measured one by the 2D-Array.
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Figure 27 (a): Shows a print screen of an angled (15,7) Field-In-Field isodose lines, (b): Shows Wedged (15x15 cm?) field isodose lines and (c):
Shows a (15x15 cm?) open field isodose lines.

previous chapter, we used three types of cancer tumors, Breast,

Discussion
Brain and Prostate tumors. We used two radiotherapy planning . . . .
techniques, Field-In-Filed (FIF) and Intensity Modulated This St;dy wa; d(;sllgrllled to study the Al}gled. Flefld-ln-Ffleﬁd
Radiation Therapy (IMRT) techniques for each tumor type. as a new advanced radiotherapy treatment planning form of the

Field-In-Field technique.
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Figure 28 Local doses received by the 15 ionization chambers
included in the field 15x15 cm? for angled field-in-field, wedged and
open fields.

Table 1: The local doses received by the 15 ionization chambers included
in the field 15x15 cm? for angled field-in-field, wedged and open fields.

Points Fiel?il-llgl: ?l:‘iiel d Wedged Field Open Filed
1 79.3 172.6 87.1
2 91 178.2 100.5
3 92.3 163 101.8
4 96.5 148.9 102.1
5 100.5 134.6 101.3
6 100.1 1211 100.3
7 99.9 109.8 99.9
8 100 100 100
9 100 90.9 99.9
10 100.5 83.1 100.4
11 100.8 76.4 101.3
12 95.9 70.1 102.1
13 92.3 63.7 101.8
14 90.9 57.3 100.5
15 77.5 45.4 87.1

Nearly, all the previous publications that used the FIF
technique, used it in its simple design, which is the Non-Angled
FIF [3,11-14]. For example but not limited to; [15], quantified
the cold spots under geometrical uncertainties in field-in-field
techniques for whole breast radiotherapy, and [16], evaluated a
simplified “field-in-field” technique (SFF) that was implemented
in their department of Radiation Oncology for breast treatment.
In both the two examples, FIF was used in the NAFIF form. But
when we used it in the AFIF form, we got the result of being it can
be used as an alternative plan of the wedged plan and also we got
a new isodose lines shape (the Stair shape).

FUTURE WORK

1-  Prediction of Advanced Field-In-Field (FIF) forms:
We predict two types of AFIF that may be applied separately or
mixed. They are:

- Multiple non-angled FIF technique: It can be
consisted of a main field and multiple smaller fields inside the
main one. All fields are at the same gantry angle of the main field.
Each one of the smaller fields will have a portion of the main
field’s dose weight aiming to achieve a good dose distribution,
a good avoidance to the organs at risk, and reduction of both
the hot and/or the cold areas within the treatment field. In the
next Figure 29, we used, for example, a main field of 20x20 cm?
size and multiple three smaller fields of sizes 15x15 cm? 10x10
cm? and 5x5 cm? and they are arranged from outside to inside
respectively where the filed 15x15 cm? will be inside the 20x20
cm? field, the field 10x10 cm? will be inside the 15x15 cm? field
and so on. There will be a very important note because it can be
used as a 3D compensator rather than the resulted stair isodose
shape.

- Multiple angled FIF technique (MAFIF): It has the
same design as the multiple non-angled FIF technique but all/
some of the smaller fields will be at a different gantry angle from
the main field. As it is shown in the next Figure 30, we designed
an example of the multiple angled FIF technique which consists
of a main 20x20 cm? field, and three smaller 15x15 cm? 10x10
cm? and 5x5 cm? fields. The smaller three fields are arranged
from outside to inside respectively. Each one of these three fields
will be given a dose weight from the main weight. The isodose
lines will take the semi-sloped stair shape as it is shown in the
figure 18.

- The inner fields can be set in different angles in the same
or reverse direction of the main angled field. This design has
unknown isodose shape, so it needs more study.
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