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Abstract

Quantitative retrospective analysis of the normal lung irradiation due to the variations of the ITV volume based on the
techniques used for upper lobe (UL), mid lobe (ML), and lower lobe (LL) lung tumours when used with 2-view, 1-view,
0-view based LOT technique on Cyberknife, AvelP on Helical Tomotherapy, and DIBH on VMAT systems. In the treatment
of lung tumours, patients medically inoperable or those who are unwilling to undergo surgery have the option to be treated
using radiation therapy. There are many motion control techniques available for the treatment of the moving target, such
as movement encompassment, respiratory gating, breath-hold, motion reduction, and tumour monitoring. ITV generation
is dependent on technique and hence the volume of the PTVs will differ based on the technique used. This study aimed
to determine the influence of these ITVs on the irradiated normal lung volume for UL, ML, and LL lung tumours for 23
patients. The mean difference in the PTV volumes generated with the 0-view technique was significant with that of 2-view
and DIBH techniques (p-value < 0.04). The mean difference in the PTV volumes generated by 2-view and DIBH was small
for UL, ML, and LL tumours. V of the combined lung with the O-view method was 5% compared to the 2-view method for
UL tumours (p-value =0.04) and the same was 9.5%, and 16.8% for ML and LL tumours (p-value < 0.04). In contrast to all
other techniques, lung volume parameters Vs, Vy,, V,, and V; for the 0-view technology were consistently higher irrespec-
tive of the tumour location in the lung. The observed maximum mean lung dose (MLD) was 6.2 Gy 2.7 Gy with the 0-view
technique and the minimum was 3.85 Gy + 1.75 Gy with the DIBH technique. The difference in MLD between DIBH and
2-view was negligible (p-value =0.67). The MLD increased for LL tumours from 4 Gy to 6.5 Gy from the 2-view to 0-view
technique (p-value =0.009). There was a significant increase in MLD for LL tumours with the 0-view technique compared
to AvelP (1.9 Gy, p-value=0.04) and DIBH (2.0 Gy, p-value =0.003) technique. For ML and UL tumours, except for O-view
and 1-view, the difference in the MLD between the rest of the methods was not significant (p-value > 0.11). In the treatment
of lung tumour patients with SBRT, this study has demonstrated 2-view with Cyberknife and DIBH with VMAT treatment
techniques have optimal normal lung tissue sparing. There was a significant increase in the average lung volume receiving
5%,10%, 20%, and 30% dose when comparing the 1-view, 0-view, AvelP, and DIBH techniques to the 2-view technique.
However, DIBH with VMAT was dosimetrically advantageous for ML and LL tumours, while providing significantly shorter
treatment times than any other technique studied.
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[2]. Careful selection of the motion management strate-
gies is necessary for the treatment of lung tumour and the
selection should be based on clinical relevance. There are
several motion management strategies available for these
treatments such as motion encompassment, respiratory gat-
ing, breath-hold, motion mitigation, abdominal compression,
and tumour tracking. The use of these techniques for lung
tumour treatment has its advantages and disadvantages.

In the motion encompassment technique, the uncertainty
of respiratory motion is managed by encompassing the entire
range of tumour motion in the treated volume which miti-
gates the risk of missing the target. This is done by identify-
ing the complete extent of tumour motion by incorporating
all the potential tumour locations as part of the treatment
volume. This is accomplished by 4D CT scanning in which
the 4D CT data sets are created by acquiring separate CT
images at discrete phases of the respiratory cycle [3].

In the breath-hold technique, the patient holds the breath
at a planned respiratory phase with the aid of instruments
such as active breathing control (ABC) device (Elekta
Medical System, Sweden) or real-time position manage-
ment (RPM) (Varian Medical Systems, Palo Alto, United
States). The tumour volume is temporarily immobilized in
a planned respiratory phase of the breathing and CT images
are acquired. The treatment plans are generated using these
breath-hold images. The planned respiratory phase for
breath-holding can be at deep-inspiration (DIBH), normal
inspiration, or end-expiration (deep expiration breath-hold
(DEBH)) [4-8].

In the respiratory gating technique, the treatment beam
is turned “on” during a specific pre-determined phase or
amplitude portion of a breathing cycle, whereas, the patient
is allowed to breathe with no constraints. When the tumour
volume moves out of the gating window, the radiation beam
will be turned off until it returns inside the gating window.
The selection of a proper gating window plays an important
role in the accuracy and efficiency of dose delivery. A very
small gating window is ideal for an accurate dose delivery
since it effectively freezes the tumour motion but at the cost
of prolonged treatment time.

In real-time tumour tracking, the position of the tumour
during organ motion is tracked on a real-time basis with the
help of surgically implanted radiopaque fiducials implanted
close to, or, inside the tumour or lesion in a minimally inva-
sive interventional procedure [9—12]. These implanted fidu-
cials are made of gold or other radiopaque metals, typically
of the size between 1 and 5 mm.

During Cyberknife treatment, the patient wears a tightly
fitting vest that has three infrared light-emitting diodes. A
linear or quadratic correlation model is generated to relate
the position signals of the LEDs to the internal fiducial
marker locations using two orthogonal radiographs of the
patient on the treating table obtained by the X-ray system.
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This model is used as a prediction model for predicting the
fiducial marker position on a real-time basis. The Cyberknife
treatment will interrupt if the predicted fiducial position by
the model differs from the position indicated by the X-ray
system by 5 mm. Although the X-rays are taken every few
seconds the model enables near-continuous tracking of the
tumour. The correlation error between the prediction model
to the actual position of the tumour was found to differ in
matching anatomic directions by no more than 1 mm [13].

The option in the Cyberknife system for eliminating
the fiducial marker for tracking the lung tumour used in
lung optimized treatment (LOT) is a 2-view modality with
dynamic tumour tracking by using the 2D images from
orthogonally placed X-ray tubes. In 1-view modality, the
tumour is visible in only one of the X-ray projections and
dynamic tumour tracking compensates the target motion
only in the detectable plane. Non-visible motion is com-
pensated with an internal target volume (ITV)-based strat-
egy. When the tumour is not visible in both the images, the
0-view modality by ITV based approach is used.

In 2-view tracking, the tumour margins are minimal
since tumour can be localized using both the orthogonal
images. The robot coordinates are based on the gross tumour
detected in both the images and the 3D coordinates derived
from these two images. If the tumour is very close to the
heart or mediastinum, it is not visible or differentiable from
the surrounding soft tissue. In these cases, the tumour is not
visible on both detectors. Then the ITV from the end of the
exhale and end of inhale CT images are derived with addi-
tional margins in all the directions, and the robot coordinates
are derived from the spine tracking volumes. In this case, the
normal lung tissue irradiation is very high depending on the
size and position of the tumour. For LOT, a high-density iso-
lated tumour in the middle of the low-density lung volume
is ideal. However, the selection of the appropriate method
is done only after a proper simulation plan with the patient.

These different techniques used in lung tumour treatment
have their pros and cons. The large margin expansions to
encompass the entire tumour motion sometimes require a
dose reduction to spare normal tissue depending on the loca-
tion of the tumour [14]. Because the process for generating
the ITV differs between methodologies, the resulting plan-
ning target volume (PTV) differs as well. These ITVs will
have distinct effects on the irradiated lung volume. With
all of these delivery mechanisms influencing clinical out-
comes, there will be a distinct proportion of 'high dose' and
'low dose' spill regions. Several authors have compared the
treatment plans utilizing various motion management strate-
gies [15-17]. However, no prospective comparison study has
yet been conducted that compares the LOT of Cyberknife,
DIBH with volumetric modulated arc therapy (VMAT), and
average intensity projection images (AvelP) in HT in a con-
sistent study design with lung dose sparing as an objective.
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The goal of this study was to do a retrospective quantita-
tive analysis of normal lung irradiation owing to differences
in ITV volume based on techniques employed for UL, ML,
and LL lung tumours.

Materials and Methods

Twenty-three patients with either early lung cancer or small
lung metastasis were considered for this study. All the
patients were planned for robotic radiosurgery treatment as
per the standard robotic radiosurgery planning guideline of
the institution. During the simulation process, CT images
were acquired with the respiratory phase at the end of the
exhale and end of inhale as required for the Cyberknife LOT
technique using the Optima 580 W CT scanner (GE Medi-
cal Systems, Chicago, USA). The breath hold images in the
deep inspirational phase of the breathing were used as DIBH
images for VMAT planning. The AvelP images were gen-
erated from cine CT images using 10 phase binned image
sets sorted and reconstructed using a phase binning recon-
struction based on the respiratory profile provided by smart
deviceless system (GE medical systems, Chicago, USA).
For all the techniques mentioned above, the CT acquisitions
were done with 0.625 mm slice thickness with a tube cur-
rent of 200 mA, and a voltage of 120 kV. The end of inhale,
end of exhale, and AvelP CT images were transferred to the
Precision treatment planning system (version 2.0, Accuray
Inc., Madison, WI) for generating ITV and then treatment
plans were generated for Cyberknife and HT systems. The
DIBH imagers were transferred to Monaco treatment plan-
ning system (Elekta, Stockholm, Sweden). The target deline-
ation including gross tumour volume (GTV), clinical tar-
get volume (CTV), ITV, and PTVs was performed on their
respective images. On each patient, ITVs were created utilis-
ing 2-view, 1-view, and O-view approaches for Cyberknife
planning. A uniform margin of 3 mm was applied to ITV
for creating PTV for a 2-view technique. In the case of 0
-view an additional margin of 2 mm making a total of 5 mm
from the ITV was applied. For the 1-view technique, a non-
uniform margin of 3 mm and 5 mm in the plane of tracking
and out of the plane was applied respectively. These margins
are based on quantitative verification of the adequacy of the
PTV margins applied in CyberKnife LOT treatments [18].
The PTVs for DIBH and Avelp planning were obtained by
adding a uniform margin of 5 mm to the ITVs, which was
used to compensate for setup uncertainties and residual res-
piratory motion not represented by 4D CT as per our insti-
tutional routine practice. The combined normal lungs were
automatically segmented using a threshold algorithm at the
respective planning system. The detailed patient character-
istics of the 23 patients were summarized in Table 1.
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Table 1 Patient characteristics
Characteristic Number (N)
Sex

Male 16

Female 7
Age (years)

Range 34-81

Median age 67
Histology

NSCLC 9

Mets 14
Primary tumour location

UL 13

LL 6

ML 4

NSCLC non-small cell lung carcinoma, UL upper lobe, LL lower
lobe, ML middle lobe

Treatment Planning

A tumour dose of 45 Gy in 5 fractions was prescribed to
the PTV in all the plans. The plan characteristics in vari-
ous planning systems were listed in Table 2 below. The
Cyberknife plans were created using an IRIS beam collima-
tion system, whereas the HT plans used an MLC leaf width
of 0.625 cm projected to the isocenter. The VMAT plans
were generated with APEX MLC with a 2.5 mm resolu-
tion at the isocenter. For Cyberknife plans, the minimum
collimator size was maintained above 10 mm. HT planes
with a dynamic jaw size of 2.51 cm field width with a pitch
of 0.2 and a modulation factor of 2.0 were developed in
helical delivery mode. The optimization algorithms used by
the Cyberknife, HT, and VMAT treatment planning systems
differ. Within each treatment planning system, however, the
planning constraints were set the same to obtain the largest
target coverage.The overlaid PTV contours for UL, ML, and
LL tumour are shown on DIBH images in Fig. 1.

Plan Comparison

For all of the techniques, single point matrices such as mean
lung dose (MLD), V5 (volume of the combined lung receiv-
ing 5 Gy or higher—PTYV volume), V,, (volume of the com-
bined lung receiving 10 Gy or higher—PTYV volume), V,,
(volume of the combined lung receiving 20 Gy or higher—
PTV), V3, (volume of the combined lung receiving 30 Gy
or higher—PTV) were calculated. Further, the dose received
by the 10%, 20%, and 50% of the combined normal lung
volume was analyzed.

The dose distribution on PTV was evaluated by using
parameters such as conformity index (CI) [19], homogeneity
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Table 2 Treatment planning characteristics

Technique Treatment

planning
system

Planning target

Dose calcula- Beam energy Calculation algorithm
tion resolu-
tion

2-View

1-View

0-View

AvelP
DIBH

Precision 2.0

Precision 2.0

Precision 2.0

Precision 2.0
Monaco 5.1

ITV from end of exhale CT images + 3 mm margin for
PTV

ITV from end of exhale CT images + 3 mm margin for
PTV in viewing plan and + 5 mm in non-viewing plan

ITV from end of exhale CT images +5 mm margin for
PTV

ITV from 4D AvelP CT images +5 mm margin for PTV
ITV from DIBH CT images + 5 mm margin for PTV

I1x1x1mm> 6MYV unflattenned Montecarlo
Ix1x1mm® 6MYV unflattenned Montecarlo
Ix1x1mm® 6MYV unflattenned Montecarlo

I1x1x1 mm*® 6MV unflattenned CC superposition
Ix1x1mm® 6MV flattenned  Montecarlo

ITV internal target volume, PTV planning target volume, AvelP average intensity projection, DIBH deep inspirational breath hold

Fig. 1 CT images showing the overlay of PTV derived from ITV in:
transverse images for tumours in a UL, b ML, ¢ LL for left, right and
left lung tumours: coronal plan images d UL, e ML, f LL and sagit-

PTY_1View

PTY_DIBH

PTV_DIBH

PTV_TView

PTV_DIBH PTV_DIBH

tal plan images g UL, h ML, i LL. The PTV contours drawn on their
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respective image sets overlaid on DIBH images in red, yellow, green,
blue and orange colors for O-view, 1-view, 2-view, AvelP and DIBH
techniques respectively
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index (HI) [20], and gradient index (GI) [21]. The CI was
calculated according to the following equation:

W, res)2
Cl ROLp.

VROI X Vbody,pres

where Viep pres 18 the volume of PTV covered by the pre-
scription dose, Vg is the volume of PTV, and V4 e 1
the total volume covered by the prescription dose.

The heterogeneity index (HI) was calculated as:

D, — Dygg
D

pres

HI =

where D, and Dyg correspond to radiation doses delivered to
2% and 98% of the PTV, respectively. D, is the prescrip-
tion dose to PTV. The gradient index was calculated as the
ratio of the volume of half the prescription isodose to the
volume of the prescription isodose [21].

Statistical Analysis

SPSS ver. 19.0 (SPSS Inc., Chicago, IL, USA) was used for
the statistical analysis. The dosimetric differences in all the
techniques were compared to the 2-view techniques using
an independent Student t-test with the hypotheses of (HO:
pl =p2) for the mean evaluated volume (u) among different
techniques such as mean lung dose (MLD), Vg, V,,, V,, and
V3, at a confidence level of 95% (a=0.05). A p-value less
than 0.05 is considered statistically significant.

Results

The average dose received by 10%, 20%, and 50% of the
combined normal lung volume classified based on the
tumour in UL, ML, and LL of the lung is shown in Table 3.
The dose received by 10% of the lung volume was less
with the 2-view technique for UL and LL tumours. For ML
tumours D e, Dygg, and Dy, were minimum with the DIBH
technique.

The average PTV volume created using the 0-view
technique was 80.5 cc, 53.2 cc with the 1-view technique,
33.2 cc with the 2-view methodology, 51 cc with the AvelP
approach, and 48.7 cc with the DIBH methodology. The
mean difference in PTV volumes obtained with the 0-view
approach compared to those obtained with the 2-view
and DIBH procedures was significant (p-value < 0.04).
The average PTV volume using 2-view technique was
lower compared with 1-view (p value=0.21), 0-view
(p-value = 0.006), AvelP (p-value =0.37) and DIBH (p
value =0.53). For UL, ML, and LL tumours, the mean
difference in PTV volumes obtained by 2-view and DIBH

Table3 The average dose received by 10%, 20%, and 50% of the
combined lung volume for 2-view, 1-view, O-view, AvelP, and DIBH
techniques classified into midlobe (ML), upperlobe (UL), and lower-
lobe (LL) tumours

Dose in Gy
2-view 1-view 0-view AvelP DIBH
Doy
ML 17.5 20.2 24.2 17.8 17.0
UL 9.6 11.6 13.3 11.8 11.3
LL 9.8 13.9 18.0 13.6 11.3
Doy,
ML 9.9 11.7 14.8 94 7.6
UL 4.1 5.2 5.9 4.9 4.5
LL 4.8 6.6 9.1 52 44
D5y
ML 2.6 3.1 39 2.1 1.1
UL 1.3 14 1.8 1.1 0.7
LL 1.5 2.0 2.8 1.8 0.6

was insignificant. For UL and ML tumours, the difference
in PTV volume between AvelP and DIBH was minimal.
(<1 co).

The 0-view method increased V5 of the combined lung
by 5% compared to the 2-view technique for UL tumours (p
value =0.04), 9.5% for ML (p value=0.04), and 16.8% for
LL tumours (p value=0.04). In contrast to all other tech-
niques, for UL, ML, and LL tumours, lung volume param-
eters Vs, Vi, V, and Vj, for the O-view technology were
consistently higher. V5 was less in DIBH technique than
the 2-view technique for ML tumours by 4.2%. In com-
parison with other techniques shown in Fig. 2, the volume
parameters V,, V,, andV,, were constantly lower in DIBH
technology.

The observed maximum mean lung dose (MLD) was
6.2 Gy +2.7 Gy with a 0-view technique and the minimum
was 3.85 Gy + 1.75 Gy with the DIBH technique as shown
in Fig. 3. The difference in MLD between DIBH and 2-view
was negligible (p-value=0.67). For LL tumours, the MLD
increased from 4 to 6.5 Gy from the 2-view to 0-view tech-
nique (p-value=0.009) (Fig. 3). Except for 0-view and
1-view, the difference in MLD was not significant for ML
and UL tumours. (p-value >0.11).

All five techniques resulted in similar dose conformity
but the homogeneity was better with VMAT and HT plans
as shown in Table 4. In contrast, VMAT reduced the deliv-
ery time by 94% and 80% compared to Cyberknife and HT.
When compared to Cyberknife and HT, VMAT reduced
monitor unit (MU) by 91% and 89%, respectively. The
gradient index was high for DIBH (5.4 +0.6) and AvelP
(5.9+0.6) techniques compared to Cyberknife 2-view
(3.5+0.8) plans.

@ Springer



Physical and Engineering Sciences in Medicine (2021) 44:1321-1329

I‘
LL U

H2View m1View mO0View I AvelP mDIBH

I

I
|
IMM@b%@%%

L

1326
Fig.2 Average percentage lung 50.0
volume receiving 5 Gy, 10 Gy,
20 Gy, and 30 Gy dose between 45.0
2-view, 1-view, 0-view, AvelP, 20.0 I
and DIBH techniques with their ’
standard deviation, classified 35.0 I
based on the location of the
tumour in UL, ML, and LL of GE’ 30.0 T
the lung S
S 25.0 [
>
g 200 %
E
-
X 150
10.0
5.0
0.0
UL ML
-5.0
V5

Fig.3 Average MLD with
standard deviation for 2-view, 10

V10 V20 V30

Location of the tumour

Mean lung dose

1-view, 0-view, AvelP, and
DIBH techniques classified
based on the location of the
tumour in UL, ML, and LL of
the lung

Dose in Gy
- (=)} @®

L,
0
UL

m2-View m1-View

I
' 1
= I -
ML LL

Location of the tumour

0-View = AvelP =DIBH

Table 4 The characteristics of target dose distributions obtained for the 2-view, 1-view, 0-view, AvelP in HT, and DIBH in Vmat

2-View 1-View 0-View AvelP in HT DIBH in VMAT
Monitor units 36,221 +11,043 38,93 +8336 41,473 +8159 20,494 + 6282 2201 803
Beam ON in seconds 3071+478 3254 +311 3106 +445 1042+319 205+55
Conformity index (CI) 1.20+0.13 1.20+0.1 1.10+0.1 1.10+0.10 1.10+0.1
Homogeneity index (HI) 1.20+0.1 1.30+0.1 1.30+0.1 1.10+0.02 1.12+0.03
Gradient Index (GI) 3.5+0.8 42+0.7 4.6+0.5 59+0.6 54+0.6

Discussion

Both high dose and low dose spillage play a role in radi-
ation-induced lung damage. Early lung tissue necrosis is
mostly caused by high dose spillage, while late intersti-
tial fibrosis is caused by low dose spillage. In this study,
clinically treated patients in the full patient cohort and all
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patient subgroups, such as UL, ML and LL involvement,
were compared directly between three of these modali-
ties: Cyberknife, AvelP in HT, and DIBH in VMAT. 115
treatment plans were created for 23 lung patients to pro-
vide conformal dose distributions with clinically accept-
able doses to the OAR. The ITVs used by different deliv-
ery techniques for treating lung tumours were investigated
to see how they influenced normal lung doses. The planner



Physical and Engineering Sciences in Medicine (2021) 44:1321-1329

1327

dependent variability of the generated plans has to be con-
sidered while comparing different plans using different
dose calculation algorithms. In this study, all of the plans
were developed by the same physicist at planning systems
to eliminate the planner-dependent variability of the cre-
ated plans. The influence of different dose calculation
algorithms used in treatment planning systems is appar-
ent predominantly in the target periphery and dose-buildup
region while maintaining the same OAR dose parameters
[22]. This could be because different plan optimization
techniques use different normal structure constraints to
produce the same dose volume values. However, in this
study we maintained the same target goals in all the plan-
ning systems leading to different best achievable normal
structure constraints. Further the patient specific point
dose measurements were carried out to compare the dose
differences due to the calculation algorithm used in treat-
ment planning systems. This was carried out by overlaying
the accepted treatment plan on a homogeneous phantom.
For point dose, 0.125 cc cylindrical ionization chamber
was used to measure the dose at the center of homogenous
cylindrical phantom. The cumulative dose was measured
and compared to the dose calculated to the same point in
the phantom plan. The measured absolute point dose meas-
urements agreed within 2% for all the modalities.

We observed the distinct dosimetric advantage of the
2-view and VMAT plans over 1-view, O-view, and HT at
high-dose (V) regions. In this study, HI for the PTVs were

higher in the Cyberknife plan than in the VMAT and HT
plans. VMAT and HT, in other words, have an advantage in
terms of achieving homogeneous dose distributions in the
tumour region. However, while hot spots inside PTVs are
clinically acceptable, homogenous dose distribution in the
tumour region should not be simply seen as an advantage
for SBRT.The gradient indices for Cyberknife plans were
smaller than VMAT and HT showing significant difference
in dose falloff between Cyberknife and other techniques.

Except for the 0-view approach at Cyberknife, there
was no absolute dosimetric advantage to choosing between
Cyberknife, HT, or VMAT procedures for SBRT of the lung
in UL tumours. The 0-view technique is inferior to all other
procedures regardless of the tumour location in the lung, as
the mean lung dose for UL, ML, and LL lung tumours was
5.02 Gy, 7.53 Gy, and 6.16 Gy, respectively.This is mainly
due to the additional margin of 2 mm used to generate the
PTV. The 2-view and DIBH techniques are advantageous
when treating ML and LL lung tumours despite the fact that
the PTV margin for DIBH was increased by 2 mm. The
conformance index did not differ across the 5 techniques,
despite the fact that the Cyberknife plans resulted in longer
treatment times and more monitor units. The VMAT plans
have the shortest treatment times and the lowest monitor
units.

As shown in Fig. 4, for a tumour in the LL of the lung, the
5 Gy volume (Vsg,) for contralateral lung was minimal with
Cyberknife plans than HT and VMAT plans. This increase

Fig.4 Treatment plans in sagittal axis showing the isodose distributions for 0-view, 1-view, 2-view, AvelP, and DIBH images on Cyberknife, HT
and VMAT plans. The 5 Gy isodose distribution on the contralateral lung can be seen
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in HT and VMAT plans could be due to the beam entry
through the opposite lung. During helical and arc therapy,
the beam entry through the opposite lung was unavoidable.
The 5 Gy dose volume in the ipsilateral lung was higher in
Cyberknife than HT and VMAT plans. In Cyberknife, the
optimizer restricts the beam entry through the contralateral
side due to the reduced clearance between the patient sur-
faces to the machine to avoid a collision. This reduces the
degrees of freedom of the optimizer resulting increased 5 Gy
volume in the ipsilateral lung.

The dynamic tumour tracking during treatment deliv-
ery, which is a technology-specific capacity of the delivery
systems, is another key consideration when comparing dif-
ferent treatment modalities for lung SBRT, specifically at
Cyberknife. The target contours alter depending on whether
or not dynamic tumour tracking is available, and therefore
the volume of irradiated normal lung volume. The target
volume for O-view was always higher than for other tech-
niques, and this difference was due to the tumour's position
in the lung, such as UL, ML, or LL. The LL tumours move
more than ML and UL tumours necessitating a bigger tar-
get volume for 0-view, 1-view, and AvelP techniques [23].
However, regardless of the location of the tumour, we kept
the same ITV margin for O-view and 1-view in our investiga-
tion, whereas the ITV volume generated in AvelP images is
dependent on the total tumour volume excursion. Hence the
ITV generated from AvelP images will be high if the tumour
volume excursion is high, as it is in ML and LL tumours.

The choice of Lung Optimised Treatment is based on
tumour visibility on 2D images from orthogonally posi-
tioned x-ray tubes. When multiple approaches such as
VMAT, DIBH or HT are available at an institution, detailed
normal tissue data aids in making a more informed deci-
sion about which approach to use. In this study we have
compared 2-view, 1-view and O-view methods of LOT with
alternative approaches such as DIBH in VMAT and AvIP in
HT to determine the most appropriate methodology based
on the tumour location.

VMAT was found to provide more efficient treatment
delivery by reducing the monitor units and delivery time.
The Cyberknife was found to be the most inefficient and also
takes additional time to generate a breathing model of the
patient before each treatment.

Conclusions

This study demonstrated that 2-view with Cyberknife and
DIBH with VMAT treatment techniques offer the best nor-
mal lung tissue sparing while treating lung cancer patients
with SBRT. Although all plans were clinically acceptable in
terms of target dose coverage, 2-view and DIBH surpassed
all other techniques in terms of lower values for Vs, V4, Vs,
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and V;, of normal lung irradiated. Further, the lower values
for Vs, V,4,V,o and V3, for the DIBH plan can be attrib-
uted partly to the larger lung volume in the deep inspiration
breath hold scans.

There was a significant increase in the average lung vol-
ume receiving 5%, 10%, 20%, and 30% dose when compar-
ing the 1-view, 0-view, AvelP, and DIBH techniques to the
2-view technique. However, DIBH with VMAT was dosi-
metrically advantageous for ML and LL tumours, while pro-
viding significantly shorter treatment times than any other
technique studied.
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