. Polish Journal of Medical Physics and Engineering March 2019
‘. scien d O The Journal of Polish Society of Medical Physics Vol 25, Issue 1
ISSN 1898-0309, doi: 10.2478/pjmpe-2019-0005

Scientific Paper

GTV volume estimation using different mode of computer tomography
for lung tumors in stereotactic body radiation therapy

Ramaa LINGAIAH™?, Md Abbas ALI*, Ummay KULSUM?, Muhtasim Aziz MUNEEM?®, Karthick Raj MANI®,
Sharif AHMED®, Md. Shakilur RAHMAN®, M SALAHUDDIN®

'Department of Physics, Jahangirnagar University, Savar, Dhaka - 1342, Bangladesh

“Department of Medical Physics and Biomedical Engineering, Gono Bishwabidyalay, Savar, Dhaka, Bangladesh
3Department of Radiation Oncology, United Hospital, Dhaka, Bangladesh

“Secondary Standard Dosimetry Laboratory, I nstitute of Nuclear Science and Technology,

Bangladesh Atomic Energy Commission, Savar, Dhaka, Bangladesh

®E-mail address: ramaa_sl@yahoo.com

(received 8 August 2018; revised 29 November aBe&mber 2018; accepted 12 December 2018)

Abstract

Aim: To estimate the Gross Tumor Volume (GTV) usihifferent modes (axial, helical, slow, KV-CBCT &A4CT) of
computed tomography (CT) in pulmonary tumors.

Materials & Methods: We have retrospectively in@dden previously treated case of carcinoma of gmyntung or
metastatic lung using Stereotactic Body Radiatibarapy (SBRT) in this study. All the patients undent 4 modes of
CT scan Axial, Helical, Slow & 4D-CT using GE disewy 16 Slice PET-CT scanner and daily KV-CBCT tfug daily
treatment verification. For standardization, ak thatients underwent different modes of scan u&iisgmm slice
thickness, 16 detectors rows and field of view @@mhm. Slow CT was performed using axial mode sgaimtreasing
the CT tube rotation time (typically 3 — 4 sec.)pas the breathing period of the patients. 4D-Cansowvere performed
and the entire respiratory cycle was divided ieto phases. Maximum Intensity Projections (MIP), iltimm Intensity
Projections (MinlP) and Average Intensity ProjeaiqAvIP) were derived from the 10 phases. GTV nws were
delineated for all the patients in all the scannimgdes (GT\y - Axial, GTVy_ - Helical, GTV5_ — Slow, GTV{p -
4ADCT and GT\g — KV-CBCT) in the Eclipse treatment planning systeersion 11.0 (M/S Varian Medical System,
USA). GTV volumes were measured, documented angaced with the different modes of CT scans.

Results: The mean + standard deviation (rangeMi®t, slow, axial, helical & CBCT were 36.5 + 40.5.29 — 87.0),
35.38 £ 39.52 (2.1 — 82), 31.95 + 37.29 (1.32 95@8.98 + 33.36 (1.01 — 65.9) & 37.16 + 42.22%- 92). Overall
underestimation of helical scan and axial scan @eawpto MIP is 21% and 12.5%. CBCT and slow CT m@ihas a
good correlation with the MIP volume.

Conclusion: For SBRT in lung tumors better to avaméhl and helical scan for target delineation. NdR still a golden
standard for the ITV delineation, but in the abgeot4DCT scanner, Slow CT and KV-CBCT data maygdesidered
for ITV delineation with caution.
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Introduction using the current imaging technology mandates évfopming
the highly conformal ablative treatments in the mgwumors.
Precise target volume definitions is a mandateteruse of
IMRT, VMAT, SRS, SBRT and other high precision
radiotherapy techniques, as the treatment plaranagdelivery
is purely based on the defined target volumes ThE target
volume definition for the thoracic and abdominainturs with
the high-speed 3D scans always underestimates afyett
motion, it is recommended to add an additional rmmartg
create Internal Target Volume (ITV) to compensate the
tumor motion as per the ICRU 62 recommendations [2]
Conventional 3 dimensional (3D) CT images are ral§i used

Radiotherapy has evolved into high precision withe t
introduction of highly conformal radiotherapy tneent
techniques like Intensity Modulation Radiation Tdyzy
(IMRT), Volumetric Modulated Arc Therapy (VMAT) and
conformal arc radiotherapy. Organ motion in radio#py is
always a concern, especially in ablative radiothgra
Underestimation / overestimation of moving target i
pulmonary tumors leads to geographical miss oftéinget or
ends up in treating the large volume of normalust a very
high radiation dose. Hence precise estimation rgfetamotion
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in the radiotherapy for the target delineation, being the
conventional 3D CT with axial or helical mode wdlways
underestimate the tumor motion in thoracic and aieto
After the introduction of the four-dimensional (4B which
can determine the tumor motion with respect tokhteathing
pattern of the patient, it became the golden stahfia treating
moving target volumes. Organ motion is a major arigs
medical imaging and radiotherapy, which resultedmation
artifacts and poor target definition.

Several authors have studied and quantified thieinve
variation of the target volume with different modesthe CT.

Shanget al. have quantified the Gross Tumor Volume (GTV)

with different CT modes for the solitary pulmonadegion [3].
Most of the authors compared the GTV volume diffiese
using 3D CT and 4D CT for specific sites, Fenngxingt al.
[4] analyzed the geometrical difference for non-kmell lung

cancer, whereas Wargy al. [5] compared the patient-specific

GTV volume variation on esophageal cancer in 3D4DeCT.
In this research work, we would like to estimate BTV
volume variation in lung tumors and validate owsules with a
phantom study.

Materials and methods

Patients

We have retrospectively included ten previouslatied case of
carcinoma of primary lung or metastatic lung usstgreotactic
Body Radiotherapy in this study. The patient's dgmaphic

data were listed below ihable 1

Table 1. Patient's demographic data.

S No. Stage Age Sex Location Co-Morbidities
1 T2bNOMO 52 F Rt. Upper -
2 T2aNOMO 65 M Rt. Middle COPD
3 T2aNOMO 45 F Lt. Upper Heart Disease
4 T2bNOMO 32 M Lt. Lower COPD
5 T1cNOMO 72 M Rt. Upper  Hypertension
6 T2bNOMO 61 M Rt. Lower COPD
7 T1cNOMO 48 F Lt. Upper Heart Disease
8 T2aNOMO 53 M Rt. Middle
9 T2aNOMO 52 F Rt. Lower Heart Disease
10 T2bNOMO 65 F Rt. Upper

Ten patients with a mean age of 54.5 years (raBgep 72
years) were retrospectively included in this stddym our
previously treated SBRT patients record. Among tka
patients five were male (four out of five were sms and
five were female. The selected lung patients wemstin
peripheral localized lung tumor, mostly had co-niditkes
(i.e., COPD, Hypertension, etc.,) and not fit fargery. The
gender, age, stage and the location of the primangr along
with the co-morbidities were listed in tii@able 1

CT simulation

All the patients were immobilized with custom-madaszclok
(M/S Civco, USA) fixed with ‘T’ shaped wing boarddexed
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to the couch. A computed tomography (CT) with ecesli
thickness of 2.5 mm was obtained for all the pasiersing GE
Discovery 600 16 slice PET-CT scanner. Varian ticag
position management (RPM) equipped with an infid-re
camera and 6 dot reflective markers, which aregnatied with
the GE CT was used for all the patients to obthan DIBH
scans and 4D-CT scans. All the patients underwantrhodes
of CT scan; Axial, Helical, Slow and 4D-CT using GE
discovery 16 Slice PET-CT scanner and daily KV-CBfor
the daily treatment verification. For standardiaati all the
patients underwent different modes of scan usibgrn slice
thickness, 16 detectors rows and field of view 6D 4nm.
Slow CT was performed using axial mode scan byeissing
the CT tube rotation time (typically 3 — 4 sec.) @ex the
breathing period of the individual patient. 4D-Cdass were
performed and and the respiratory cycle was divithta 10
phases. Maximum Intensity Projection (MIP), Minimum
Intensity Projection (MinlP) and Average IntensRyojection
(AvelP) were derived from the 10 Phases. GTV volsimwere
delineated for all the patients in all the scan e@GT\\x -
Axial, GTVy_ - Helical, GT\,_ — Slow, GT\{;r - 4DCT and
GTVcg — KV-CBCT) in the Eclipse treatment planning syste
version 11.0 (M/S Varian Medical System, USA). T@&V
volumes were measured, documented and comparedtiveth
different modes of CT scan.

The 4DCT scans were acquired using a cine mode
acquisition, with 2.5 mm slice thickness, 8-rowators, 400
mm field of view, cine acquisition duration (breiath period
of the individual patient + 0.5 sec), cine acqiosit gap
0.45sec and without any inter-slice gap. Once e
acquisition was completed the breathing patterin Wi data
acquisition information file was automatically ted@rred from
the RPM system to the CT console. Using this file tine
acquisition data were divided into ten bins of respry
phases (CT-0, CT-10, CT-20, CT-30, CT-40, CT-50-60T
CT-70, CT-80, and CT-90). From the ten respiratons, the
maximum intensity projection (MIP) and the averagensity
projection (AvelP) were also derived for all theipats.

Target Delineation

Once the patients CT data were acquired, the Chesavere
exported to the Eclipse treatment planning systéar, 11.0
(M/S Varian Medical Systems, Palo Alto, CA, USAhérbody
structure was segmented automatically by the treatm
planning system. For all the ten patients DICOM gas were
imported and labeled appropriately as per the Gih snodes.
To avoid the inter-observer variability, the samecalogist
countered the GTV volumes slice by slice in diffarmodes of
CT scans for all the patients using a lung windewel. The
GTV delineated in the axial, helical, slow, MIP afd-CBCT
were stored in the structures G GTVy, GTVg, GTVuip
and GT\p respectively. The illustration of the GTV
comparisons of different modes for a patient isented in the
Figure 1.
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Figure 1. Comparison of GTV volumes in different males of CT Scans.
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Figure 3. Modified Varian breathing phantom with an adjustable respiratory cycle.
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Figure 4. Comparison of moving spherical ball voluras in different modes of CT Scans.

Phantom Study

The Varian medical system provides a simple bragthi
phantom, which simulates the respiratory motiors haguite
limited range of motion with a constant speed. phantom
can simulate a waveform with the maximum amplitubd
more than 4 cm (from crest to trough). The breathihantom
is a quite simple and economical mechanical desigigre an
elliptical rotating disc moves a hinged platformheTVarian
breathing phantom energy supplied by a DC battesyich
rotates the elliptical disc, the hinged platforrmsiates a
sinusoidal waveform pattern. With the breathingmben, we
would like to investigate the effect of the varati of the
moving volumes with different CT scan modes. A sz
plastic ball, with 3.5 cm diameter filled with igdi intravenous
contrast solution, was kept above the six dotectfle marker
and combined together by a micro-pore tape, theweol on
the hinged platform of the breathing phantdtig(re 2).

CT data were acquired with an axial, helical, skowd 4DCT
mode using modified Varian breathing phantom witsirailar
amplitude but varying the breathing cycle (2.0 $8,Sec, 3.0
Sec, 3.5 Sec & 4.0 Sec). The DICOM data of the mgvi
phantom were transferred to the planning system toad
volume of the contrast-filled ball was delineatadail the CT
scan modes with a lung window level. The respisatycle
(time required for one complete inspiration anditfn) will
be dissimilar for different patients; hence we viblike to
investigate the effect of the volume variation bé& tmoving
target in various respiratory cycles. As we undardt the
breathing phantom provided by the Varian will mowvih a
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constant velocity and the velocity changes invauht as per
the power of the battery. To simulate a differess$piratory
cycle, we altered the Varian breathing cycle eleatrircuit as
shown inFigure 3. With this simple modification, we can alter
the breathing cycle from two to five seconds witheaolution
of 0.2 seconds. The CT scan using different modesew
acquired with various breathing cycleBigure 4) and the
volume was delineated and documented for analysis.

The CBCT were also acquired for the moving phantadth
variable breathing cycles in the TrueBeam (VariardiMal
Systems, Palo Alto, USA) linear accelerator using fan
mode, and the volume of the contrast-filled balkwalineated
and documented for analysis

Statistical Data Analysis

All the statistical data presented in this workaamean of all
the data followed by the standard deviatigh+ o). The
paired samples 't' test were performed using therboft
Word/Excel version 2010 with p<0.05 considered as
significant.

Results

MIP derived for all the phases of the 4D-CT is tj@den
standard for estimating the target motion and clear
visualization of the target without motion artifaaduring the
free breathing. MIP data are the golden standard tle
internal target volume delineation in the SBRT todriacic and
abdomen sites. The mean of all the ten patientevied by
standard deviation for GT\yp 36.50 + 40.47cc (range 2.29 -
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87.0 cc), GT\ 35.38 + 39.52cc (range 2.1 - 82.0 cc), G}V
31.95 + 37.29 cc (range 1.32 - 77.87 cc), GT¥8.98 + 33.36
cc (range 1.01 - 65.9cc) and Gdg/37.16 + 42.23 cc (range
2.29 - 92.0 cc) respectively. GT)¥ was significantly larger
than GT\ix and GT\,., the mean ratio + standard deviation
of the GT\Vaix and GT\,,. to GTVype were 0.87 + 0.14 and
0.79 £ 0.12. The target volumes measured usingl afid
helical scans underestimated the organ motion % Hdd
21% with comparison to the GT)4. The mean of all the ten
patients followed by standard deviation, range #edratio of
the volumes to the Gy were listed inTable 2

Slow CT volumes have a very good correlation \ilith MIP
volumes, the mean ratio + standard deviation ofstbes CT to
the MIP was 0.97 + 0.12, which clearly illustratbe slow CT
underestimates on average by only 3%. CBCT voluaseafso
a good correlation with the MIP volume and thecaasi 1.02,
due to its longer scan time and image-distortirfgotfdue to
organ motion.

Table 2. Volume comparison of different CT modes on Ling patients.
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CT data were acquired for a moving ball attachedth®
modified Varian breathing phantom for various bnérag
cycles with similar amplitude. The volumes of thevimg ball
for the different CT modes with varying breathingcle were
listed in Table 3. We found that there is an increase in the
volume as the breathing cycle increases; this effisc
predominant in the helical CT. The helical CT vokifor 2 sec
(31.96 cc), 2.5 sec (34.02 cc), 3.0 Sec (38.52%6)sec (41.86
cc) and 4.0 sec (43.21 cc) respectively. The tatithe golden
standard MIP for the helical CT for 2 sec is 0.6fd at
increases with the breathing cycle. The helical nsca
underestimate by 40% in the 2 sec breathing cyude24% for

4 Sec breathing cycle compared to the golden stenkiéP
data derived from the 4DCT, the axial scans aldlmviothe
same pattern as helical scans. The Slow CT volwseahvery
close match with the MIP data volumes for varyimgabhing
cycles.

GTV volume p- value (respect

CT Mode GTV volume (cc)(X + o%) Range (cc) Ratio to MIP to MIP)
ADCT (MIP) 36.50 £ 40.47 2.29-87.0 1.00 -
Slow 35.38 £ 39.52 2.1-82.0 0.97 0.672
Axial 31.95+37.29 1.32-77.87 0.87 0.005
Helical 28.98 + 33.36 1.01-65.9 0.79 0.004
CBCT 37.16 £42.23 2.29-92.0 1.02 0.689
Table 3. Volume comparison moving the ball in the miified Varian breathing phantom for various CT modes
. ADCT (MIP) Slow CT Axial CT Helical CT CBCT
Breathing Cycle Ratio
(Seconds) (cc) (cc) Ratio to MIP (cc) Ratio to MIP (cc) Ratio to MIP (cc) ?AIIE’ 0
2.0 53.33 51.8 0.97 32.07 0.60 31.96 0.60 51.85 0.97
25 55.23 53.57 0.97 37.25 0.67 34.02 0.62 53.87 0.98
3.0 55.51 54.31 0.98 41.73 0.75 38.52 0.69 54.13 0.98
35 56.26 55.61 0.99 45.69 0.81 41.86 0.74 55.65 0.99
4.0 56.62 55.98 0.99 46.01 0.81 43.21 0.76 56.12 0.99
Discussion sites. Shanget al. [3] compared the GTV volumes in 3DCT

Precise localization and target delineation are tesic
mandates for successful and effective SBRT treatn&BRT
delivers a precise conformal ablative radiationedds the
target in a hypo-fractionated schedule. SBRT withicdogical
equivalent dose greater than 100 Gy achieves artgomrol
of 85% irrespective of tumor size in the primaryroetastatic
lung tumors [6]. Organ motion during precise confal
radiotherapy is a major concern, overestimatiorihef target
motion will increase the acute toxicity and und&neation
may lead to the treatment failure. In the recerdryeorgan
motion management has evolved and MIP derived #@8T
became a golden standard for ITV delineation in impvarget
SBRT.

Several authors investigated the volume variatidnthe
moving targets using different CT modes for varialiaical
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modes for the solitary pulmonary lesion to the 4BDI@IP and
also investigated the impact of the centroid positdf the
GTV by the axial and helical scans. Shahgl. found that the
ADCT-MIP data were significantly larger than Gy and
GTVy. and they were statistically significant. In ounds, we
also found similar results, where the GkMp = 0.005) and
GTVy (p = 0.004) underestimate the MIP volume by 13% and
21% respectively and they were statistically sigaifit.

Li et al. [4] investigated the geometrical differences he t
GTV between the 3DCT and 4DCT for non-small-cethdu
cancer patients and found that the internal GT\ilteg from
the 4DCT does not completely comprise the GTV frifra
3DCT, and extra margin may be required to defire IfhV
based 4DCT.
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In our study, we found that the mean * standardatien of
the MIP volume of all the ten patients is 36.50 &.4%,
whereas the slow CT and CBCT volumes were 35.38.523
and 37.16 * 42.23 respectively. We found a goodetation
between the MIP volume to slow and CBCT volumescdgse
of absence of the 4DCT in the clinic, the slow &CGT scans
may be considered for determining ITV volumes vatlkmall
additional isotropic margin for safer SBRT treatimen

Penget al. [7] studied the accuracy of ITV derived from the
ADCT to predict the real target dose in the lungR$Band
found that ITV does not predict accurate targetiomoin large
moving targets. Restricting the tumor motion theged dose
heterogeneity could be reduced in lung SBRT.

The axial and helical scans performed using varyin
breathing cycle (2 Sec to 4 Sec) with the modiffadving
phantom resulted in 24% to 40% volume underestonati
compared to the golden standard MIP volumes. Tlaarky
illustrates that axial and helical scan modes ghbel avoided
for moving tumors in SBRT. On the other hand, tloavsCT
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and the CBCT volumes of the moving phantom werey ver
close to the MIP Volume, hence in the absence@#MCT in
the clinic, we may try to substitute slow or CBCatal for ITV
delineation with caution. The phantom study and pha&ent
study reveal a similar result, which credentiaks #itcuracy of
our study.

Conclusion

During CT simulation for SBRT in lung tumors betteravoid
axial and helical scan mode for target delineattbese may
underestimate the target motion by 15 to 20%. MiRtill a
golden standard for the ITV delineation. In the eafz®e of
ADCT scanner, Slow CT or KV-CBCT data may be usad f
ITV delineation. Our moving phantom data and th&epd's
data has a good correlation with our patient datdch is an
evidence of our data credentials.
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