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Background: The purpose of this study was to evaluate the dosimetric
difference in calculated and measured doses for volumetric modulated arc
therapy enabled total body irradiation (VMAT-TBI) technique. The study
also aims to find the uniformity of doses delivered at the junction region of
two adjacent isocentric arcs using three different detectors. Material and
Methods: This phantom study was performed on arc phantom and
contains three different detectors: Gafchromic films, silicon diodes, and
0.6cc ionisation chamber. Measured doses using Gafchromic films and
silicon diodes were the representative of skin surface doses and the 0.6cc
chamber measured the mid plane doses at each isocenter. Ten (10)
selected patients from the data base were the representative for this
retrospective dosimetric analysis, verification and in-vivo dosimetry,
however, the pre-treatment verification of all VMAT-TBI plans were
already completed using EPIQA and Octavious phantom. Epson 1100
flatbed scanner was used for film scanning. The Gamma analysis and
average dose difference between TPS calculated and measured with
different dosimeters were found.

Results: The found dose difference in surface doses measured using
Gafchromic film is in the range from 0.044 to 0.204 cGy and for diodes the
range is from 0 to 0.112 cGy with respect to planned values. The point
doses at each arc isocenter were within 3% of TPS calculated.

Conclusion: The diodes, gafchromic films and used ionisation chamber are
in good agreement with the TPS doses. Hence, it can be concluded and
suggested that any available detector is good for dose determination in
TBL
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Introduction

The blood cancer in India has a high prevalence
along with other blood-related disorders like
thalassemia or aplastic anemia. In every five
minutes, someone in India is diagnosed with
blood per report of Deutsche
Knochenmarkspenderdate or German Bone
Marrow Donor Center - Bangalore Medical
Services Trust (DKMS-BMST) foundation India
along with other cancer incidences in India [1, 2].
As per Leukemia & Lymphoma Society (LLS)
every third person in United States (US) is
diagnosed with blood disorders. The common
diseases are leukemia, lymphoma, or myeloma
[3].

Chemotherapy drugs and some pro-drugs have a
role in cancer along with radiation [4, 5].

Blood circulation and marrow forming sites are
in the whole body, so total body is conditioned
with a radiation dose of 12-14 Gy in 6-8 fractions.
Total body irradiation (TBI) is a special
radiotherapy procedure and pre-conditioning
regimen for patients (pts) with hematological
malignancies having low immune system that
undergo bone marrow transplant (BMT). Just like
the other treatment sites like breast, and pelvic
malignancies, the role of modulated treatments
has increased due to advent of technological
changes [6].

An alternative to intensity modulated radiation
therapy (IMRT) is volumetric modulated arc
radiation therapy (VMAT), where dose is
delivered by continuously moving the radiation

cancer as

source through 360°. The TBI delivery
significantly = changed due to  multiple
technological innovations such as imaging

modalities, dose planning, delivery technology, in
vivo dosimeters, and measurement methods.
Newly technological innovation has led to a path
towards highly conformed dose delivery, reduces
dose to normal tissues or organ at risk and
minimize the risk of toxicity, morbidity, and
secondary malignancies. Springer et al. reported
the clinical benefit of treating whole body with
the VMAT technique and selectively reducing the
dose to the lungs, kidneys, heart, liver, and brain
(if necessary) [7].
escalation if OARs could be spared. TBI using

There is a scope of dose

VMAT is a new approach to our center for the
patients who undergo BMT. The feasibility of the
volumetric modulated arc therapy enabled total
body irradiation (VMAT-TBI) treatment with C
series linear accelerator started in March 2015 in
the Department of Radiotherapy and Oncology of
our Institute using Varian Trilogy.

To cover whole body from cranial to caudal
height of patient up to mid-thigh, multiple
successive isocenters were taken. The positional
change is only in longitudinal shifts. The main
focus in our study is the upper body as lower
body has no critical organs so treated with
conventional open AP/PA fields. In VMAT-TB],
selected dose schedule to deliver 12Gy/6#,
2Gy/#, and 2#/day with six-hour gap between
two fractions. The six-hour gap is for the normal
tissue repair between two fractions and
treatment of patient continues three consecutive
days for those who undergo bone marrow
transplantation. For those patients who undergo
haploidentical transplantation with non-ablative
conditioning single fraction of 2Gy is delivered.
The calculation of dose for multiple isocenters
with  overlapping may
trivialsolutions; the doses verification along with
machine specific quality assurance tests is the
primary requirement and compulsory procedure.
In addition, large field treatment, long treatment
time, changing body separation along patient’s
height, and the patient movement may increase
the possibility of Hence, dose
homogeneity due to the large variation in body
contour and tissue densities may be affected, so
in vivo dosimetry should be performed to find
consistency in dose delivery with respect to the
calculated TPS. Internationally accepted in vivo
accuracy is within *10% for different used
dosimeters as the whole body dose homogeneity
is difficult due to varying thickness in body
contour [8].

Before treatment all VMAT-TBI plans are verified
using EPIQA to
differences between planned and delivered doses
as well as plan accuracy was evaluated using GAI
of 3%/3 mm [9].

This means the considered acceptance criteria is
the dose difference and distance-to-agreement
(DTA) [10].

arcs cause non-

errors.

assess clinically relevant
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Furthermore, the pre-treatment verification of
VMAT plan is done using PTW 4D Octavious
phantom. The multiple active and passive
detectors, as well as the phantoms have been
studied and reported in the literature which
could be used for in vivo dosimetry [11, 12].
Consequently, the use of Gafchromic films for
dosimetry is well defined [13, 14]
dosimetry study also reported by Su et al. using
gafchromic films that achieved 4.1% agreement
[15].

However, measuring the doses at the junction of
different arcs offers some difficulties. Thus, the
aim of this study is to verify the dose difference at
isocenter and also at the field edges or the
junction’s of adjacent arcs using three different
dosimeters such as 0.6 cc farmer ion chamber,
diodes, and Gafchromic films.

and a

Material and Methods

Patient selection and target delineation

The CT images of ten patients selected randomly
from data base treated with rapid arc VMAT-TBI
were included in the study. The complete
patient’s details are listed in Table 1. The first set
CT images included head to mid-thigh in head
first supine position and the second set contains
images from mid-abdomen to fall off of the feet in
feet first supine position having 512x512 pixels
with 5 mm slice thickness. After registration of
two CT image data sets, planning target volume
(PTV) was delineated and cropped 3 mm from
the external body contour including arms and

Clinicallv
deliverable plan
generated

other extremities. The PTV delineation is easy as
the whole body is the target. The target is
cropped 3 mm inside to avoid the interface dose
calculation errors [16]. To perform a meaningful
comparison and evaluation a PTV-Phy excluding
critical structures (brain, lungs, heart, liver, and
kidneys) was also contoured. The total time of
delineation was approx. 1.5 hr/patient using
interpolation automatic/semi-automatic
methods of contouring.

and

Table 1: Patients information included in the study

No. of Patients 10
Gender M-7,F-1, & C-2
Mean Age 26.7 years (8pts)
C-8.5 years

M: male, F- female, C- children, and pts-patients.

Planning technique

The cranio-caudal length ranges from 65 cm
(children) to 110 cm (adults). The measured
length is from head to the mid-thigh. PTV was
optimized as a single target with multi isocentric
arcs. The flowchart for plan methodology and
execution is displayed in Figure 1. Mainly three to
four isocenters (Figure 2a and b) were used
according to patient height. The set isocenters

were initially at neck region, second in
thorax/abdomen region, and third in
abdomen/pelvic area.The PTV should be

optimally covered and for the PTV coverage, the
constraints for OAR used in VMAT optimization
are only for major organs b/l lungs, liver, heart,
and b/l kidneys and brain (if no cranial boost is
necessary).

Plan Exported
for execution

in phantom

Figure 1: Flowchart for plan methodology and execution
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Figure 2: Beam isocenters yellow circles written with red text and dose coverage [17]

All the plans were generated in the eclipse
treatment planning system 11.0.3 having PRO3
optimization and anisotropic analytical algorithm
(AAA) dose calculation algorithm on a Dell
precision T 5400 series workstation from Varian
Palo alto. To cover the PTV with uniform dose
coverage of more than 90%, a pair of arcs one
clock wise and counter clockwise at each
isocenter with an additional arc at thorax and
abdomen region were used. The eclipse planning
system took approximately 5-7 hour for single
optimization with dose calculation and average
time of planning on eclipse was 15-20 hour to get
good clinically deliverable plan [17]. Dose color
wash is depicted in Figure 2c and d.

Plan evaluation

The visual inspection of the planned doses in the
axial view was evaluated very -carefully to
prevent any high dose region in OAR’s and low
dose regions in the target area. A maximum dose
of 110% was accepted globally except in OAR’s
region. The mean dose, D, (the maximum), Dos
(the minimum) criteria were chosen in addition
of global maximum. Furthermore, the mean doses
of the brain, B/L lungs, liver, heart, and B/L
kidneys were accepted below 10 Gy.

Plan verification

The pre-treatment verification and in vivo
dosimetric study was divided into three parts:

(1) Pre-treatment verification using an EPIQA
and Octavious phantom.

(2) Point dose measurement at the Arc Isocenter
using 0.6 ccs Ionisation Chamber (IC).

(3) Surface dose measurement at the junction of
adjacent arcs using Gaf-Chromic films and EDP-
15 p-type diodes.

Before in vivo dosimetry, the machine’s output
was verified and the plan verification using
Octavious phantom was performed. The dose
verification using arc phantom was performed for
three different detectors, as illustrated in Figure
3a, b and ¢ and Figure 4a, b and c. The Gaf-
chromic films of 4 cm in thelongitudinal
direction (more than or equal to junction
overlapping region 4 cm/3 cm) were used for
dose measurement while point doses were
measured by diode and 0.6 cc FC65G ion
chamber. A total of three set of measurements for
each detector were taken. Films were scanned
using an EPSON 1100 flatbed scanner.
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(a)

(b) (c)

Figure 3: (a) Arc Phantom, (b) EDP-15 p-type diode, and (c) axial view

(a)

(b)

Figure 4: (a) Placement of diodes, (b) Gafchromic films, and (c) ion chamber

On scanning of the film, the values for darkness
are measured using image viewer in Eclipse TPS.
The Gamma analysis and average dose difference
at the skin surface between TPS calculated and
measured using different dosimeters were found.

Plan verification using PTW Octavious

The volume analysis at the junction of different
arcs was performed.

Plan verification using 0.6 cc IC

The point dose measurement along the central
axis was performed using 0.6 cc IC and chamber
was placed at the center of the arc phantom (as
indicated in Figure 4c, which was a low dose
gradient region. The difference in the planned
and measured doses was calculated.

Doses measured using diode and Gafchromic films

Figure 4a and b shows the placement of diodes
and Gafchromic films on the right and left sides of
the junction. Both were
simultaneous and difference of measured and

measurements

TPS dose was calculated.

Statistical analysis

A simple dose difference and percentage
variation between two doses i.e. calculated and
measured doses were estimated.

Results and Discussion
Plan verification using 0.6 cc IC

Table 2 presents the TPS calculated and IC based
measured doses at three different iso-centers. A
maximum percentage variation between two was
2.70% in the neck isocenter. This dose variation
represents the point dose measurement at the

isocenter position.
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Table 2: Dose measured using ionization chamber

No. of TPS calculated along central Measured value along central axis %age variation
patients axis for three isocenter
1 2.018,2.293,1.914 2.010,2.319,1.923 0.40%, 1.13%,0.90%
2 2.09,2.231,1.927 2.117,2.264,1.94 1.29%,1.48,0.67%
3 2.015,2.252,1.925 2.033,2.225,1.939 0.89%,1.2%,0.73%
4 2.08,2.35,1.95 2.118,2.40,1.968 1.82%,2.12%,0.92%
5 1.98,2.25,2.014 1.962,2.275,1.989 0.90%,1.11%,1.24%
6 2.12,2.28,1.995 2.095,2.315,2.02 1.18%,1.53%,1.25%
7 2.06,2.229,1.954 2.079,2.189,1.975 0.92%,1.79%,1.07%
8 1.995,2.332,1.908 2.016,2.269,1.929 2.70%,1.41%,1.10%
9 1.985,2.316,1.991 2.01,2.355,2.015 1.25%,1.68%,1.205%
10 2.08,2.195,1.946 2.115,2.228,1.966 1.75%,1.54%,1.02%

X | Distance: 261 cm X

| &) Dose Line Profiles -a X
1.86433 —
1.85521 |
1 e
= )
Yy B 8
N S
o » . 3 ,ﬂ
¥

0 0.5019 ( , 0 e Distan
Start point [cm]: (-2.73. 0.00, 9.58) : ~ Stant point [cm]. (2.98, 0.00, 9.55) Sample steq
End point [cm]. (-2.04, 0.00, 8 39) End point [cm)]. (247, 0.00, 8.09) Each step [ @

Figure 5: Treatment planning system (TPS) calculated dose at right and left sides of the isocenter

Table 3: Mean measured dose range (min-max)

Ion chamber Variation ranges from 0.40%-2.70% at iso-center The maximum variation
is within 3%
Gafchromic films J1_RT 0.131-0.104cGy J1_LT 0.044-0.095cGy The maximum variation
J2_RT 0.092-0.102cGy J2_LT 0.107-0.098cGy is within 5%
J3_RT 0.084-0.79cGy J3_LT 0.173-0.102cGy
Sillicon diodes J1_RT 0.030-0.068cGy J1_LT 0.036-0.084cGy The maximum variation
J2_RT 0.09-0.10cGy J2_LT 0.10-0.112cGy is within 5%
J3_RT 0.0 -0.068cGy J3_LT 0.09-0.042cGy
PTW Phantom Average Gamma Index at 3%, 3 mm for all isocentric arcs was calculated and it was > 96%.

2969 |Page




KumariR, etal. /]. Med. Chem. Sci. 2023, 6(12) 2964-2973

Volume Analysis

Statistics
Mumber of Voxels
Evaluated Voxels:
Passed:
Failed:
@ Result:

-

15

1
]
]
]
]
10 JI

1.538.305
1.098.859 (71.4 %)
1,079,556 (98.2 %)
19,303 (1.8 %)

98.2 %

Figure 6: Octavious screenshot showing volume analysis, gamma, and dose distribution agreement

Doses measured using diode and Gafchromic films

Figure 5 shows the calculated doses at right and
left sides of the iso-center and is at 5 mm depth.
The depth measurement depicting the skin doses.
Both the measurements were simultaneous and
Table 3 provides the range from the minimum to
the maximum dose difference with respect to
prescribed dose for the gafchromic films and
silicon diodes. in all
junctions was less than 6%.

The overall variation

Plan verification using PTW Octavious

The observed results of pre-treatment
verification using phantom are more than 96%
for 3%/3 mm DTA. Figure 6 demonstrates the
volume analysis, gamma analysis, and dose
distribution agreement of dose volume histogram
(DVH) at abdomen/pelvic junction.

The whole body patient immobilization in
SSDs or old large field
conventional/extended SSD methods is quite a
difficult task. The long treatment time may
increase the possibility of errors in dose delivery
due to position discomfort. Hence, it necessitates
the accuracy in delivery. On couch treatments
offer us better correspondence between TPS

calculated and real time measured doses using

nominal

film or delivered to the patient rather than large
SSDs treatments. The different in vivo dosimeters
for the measurement of entrance dose/skin doses
to different points has also been reported like
OSLD’s, TLD’s, Epiga Software & EPID’s,
Gafchromic film and EBT2, MOSFET, and
MAPCHECK [11, 18-20]. Surucu et al. used an
anthro-morphic phantom and TLD to verify
VMAT-TBI as well as demonstrated that VMAT is
safe, accurate, and efficient way of delivery in
junction regions from two different isocentric
arcs and dose variation ranges from -4.3% - 6.6%
[21].

In the present study, the arc phantom and three
different dosimeters have been used and the
reported results were consistent with the study
conducted by Surucu et al. The results in Table 3
highlight the percentage variation using IC, the
minimum to the maximum range of dose
difference at junction and the pre-treatment
verification measurements. The IC measurements
are at the low gradient region confirming the
point dose accuracy. The point doses measured
with IC are + 3% with respect to the TPS
calculated values [8].

The minimum to the maximum dose difference in
the surface doses measured using Gafchromic
film was in the range from 0.044 to 0.102 cGy and
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is within *6%. For diodes at different junctions
the minimum to the maximum range was from
0.0 to 0.112 cGy and the overall variation is
within 5%. The observed value is in the good
agreement with the results of mean percentage
variation 3.5-8.5% as reported by Arpita et al
using MOSFET [22].

The gamma analysis of pre-treatment VMAT TBI
verification plans at 3%/3 mm agreement is
more than 96%, as illustrated in Figure 6. Tools
and the in-house developed software for the
2D/3D gamma analysis have also been reported
by number of researchers [23, 24]. In vivo
measurements reported by Ganapathy et al
ranges from 6.5% -10% except at thigh region
[25] and the other reported studies also show the
dose uniformity over whole body within +10%
[26, 27]. The found results confirmed the
accuracy of measurement and further validate a
good positioning, reliability of set up, and
delivery methods. Thus, the reported study on
arc phantom is confirming the results using our
method  of Hence,
Gafchromic film seems to be a promising
candidate for high-quality dosimetry in VMAT
dosimetry along with the diodes and IC.

The limitation of the study is that it was a static
phantom study for a ten limited number of
patients; only clinical information could be
related from our results. An elaborative clinical in
vivo dosimetry study (consisting 70 patients) is in
progress to assess the further scope for improved
analysis.

own measurements.

Conclusion

The dose difference of +10% using gafchromic
films at the junctions shows the feasibility to use
gafchromic films for VMAT TBI dosimetry. The
measured dose difference between diodes and
ionization chamber is in good agreement with the
TPS Hence, diodes
gafchromic film seems to be a promising
candidate for high-quality dosimetry in VMAT
TBI.

calculated doses. and

Acknowledgements

Authors would like to thank all patients whom
planning data were used for this dosimetric

analysis. They would also like to thank Professor
Head, Radiotherapy and Oncology
Department, PGIMER Chandigarh for her
expertise, constant guidance and the free access
to work throughout the study.

and

Disclosure Statement

No potential conflict of interest was reported by
the authors.

Funding

This study was approved from the Institute
Ethical Committee with approval no. IEC-
11/2021-2140: PGI/IEC/2022/E1000071 dated
28/01/2022.

Authors' Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

ORCID

Reena Kumari
https://orcid.org/0009-0002-3712-7876
Budhi Singh Yadav
https://orcid.org/0000-0001-6185-4139
Pankaj Kumar
https://orcid.org/0000-0001-7545-9535

References

[1]. a) Deutsche Knochenmarkspenderdate or
German Bone Marrow Donor Center - Bangalore
Medical Trust Services (DKMS-BMST) Report,
2020 [Publisher]; b) Ahmadyousefi Y., Bacteria-
derived Chemotherapeutic Agents for Cancer
Therapy: A Brief Overview. Asian Journal of Green
Chemistry, 2023, 7:223 [Crossref], Publisher]

[2]. a) Ferlay ]., Soerjomataram I., Dikshit R., Eser
S., Mathers C., Rebelo M., Parkin D.M., Forman D.,
Bray F,

Cancer incidence and mortality
worldwide: sources, methods and major patterns
in GLOBOCAN 2012, International Journal of
Cancer, 2015, 136:359 [Crossref], [Google
Scholar], [Publisher]; b) Ahmadyousefi Y., A brief

overview of plant-derived

chemotherapeutic
agents for cancer therapy. Asian Journal of Green
Chemistry, 2023, 7:175 [Crossref], [Publisher]

2971 |Page


https://orcid.org/0009-0002-3712-7876
https://orcid.org/0000-0001-6185-4139
https://orcid.org/0000-0001-7545-9535
https://www.bmstindia.org/
https://doi.org/10.22034/ajgc.2023.388927.1376
https://www.ajgreenchem.com/article_172086.html
https://doi.org/10.1002/ijc.29210
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ferlay+I.J.%2C+Soerjomataram+I.%2C+Dikshit+R.%2C+Eser+S.%2C+Mathers+C.%2C+M.+Rebelo%2C+D.+Parkin+M%2C+Forman+D%2C+and+Bray+F%2C+Cancer+incidence+and+mortality+worldwide%3A+sources%2C+methods+and+major+patterns+in+GLOBOCAN+2012%2C+International+Journal+of+Cancer%2C+136+%285%29%2C++359-386+%282015%29.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ferlay+I.J.%2C+Soerjomataram+I.%2C+Dikshit+R.%2C+Eser+S.%2C+Mathers+C.%2C+M.+Rebelo%2C+D.+Parkin+M%2C+Forman+D%2C+and+Bray+F%2C+Cancer+incidence+and+mortality+worldwide%3A+sources%2C+methods+and+major+patterns+in+GLOBOCAN+2012%2C+International+Journal+of+Cancer%2C+136+%285%29%2C++359-386+%282015%29.+&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.29210
https://doi.org/10.22034/ajgc.2023.388922.1375
https://www.ajgreenchem.com/article_171586.html

KumariR, etal /]. Med. Chem. Sci. 2023, 6(12) 2964-2973

[3]. Facts 2020-2021, Leukemia & lymphoma
Society (LLS), American Cancer Society, 2021
[Publisher]

[4]. Lum ].J., Bauer D.E., Kong M., Harris M.H., Li
C., Lindsten T. Thompson C.B., Growth factor
regulation of autophagy and cell survival in the
absence of apoptosis, Cell, 2005, 120:237
[Crossref], [Google Scholar], [Publisher]

[5]. Mustafa Y.F., Abdulaziz N.T. Khalil RR,
Mohammed E.T., Oglah M.K,, Bashir M.K., Marooqi
M.A., A review on the folate-linked prodrugs for
cancer chemotherapy, Annals of RS.C.B, 2021,
25:5645 [Crossref], [Google Scholar], [Publisher]

[6]. May Z S., Fatiheea F H., Intensity modulated
radiation and volumetric modulated arc therapies
in breast cancer, Journal of Medical and Chemical
Sciences, 2023, 6:1925 [Crossref], [Publisher]

[7]. Springer A., Josef H., Erwin W., Christine T.,
Alexandra B., Gregor A., Andrew L. Hedwig K,
Rainer G. Karin M., Hans G. Total body
irradiation with volumetric modulated arc
therapy: dosimetric data and first clinical
experience, Radiation Oncology, 2016, 11:625
[Crossref], [Google Scholar], [Publisher]

[8]. Khan F., The physics of radiation therapy. 3rd
ed. PA, USA: Lippincott, Williams and Wilkins,
2003 [Publisher]

[9]. Kumari R., Kumar P., Singh O A. EPIQA: A
robust tool for the quality assurance of total body
delivery. AIP Conference Proceedings, 2019, 2142,
[Crossref], [Google Scholar], [Publisher]

[10]. Low D.A., Dempsey ].F., Evaluation of the
gamma dose distribution comparison method,
Medical physics, 2003, 30:2455. [Crossref],
[Google Scholar], [Publisher]

[11]. Seco ., Clasie B., Partridge M., Review on
the characteristics of radiation detectors for
dosimetry and imaging Partridge, Physics in
Medicine & Biology, 2014, 59:R303 [Crossref],
[Google Scholar], [Publisher]

[13]. Tanooka M., Doi H., Miura H., Inoue H., Niwa
Y, and Takada Y.,
radiochromic film dosimetry for volumetric
modulated arc therapy using a spiral water
phantom, Journal of radiation research, 2013,
54:1153, [Crossref], [Google Scholar], [Publisher]

Three-dimensional

MV photon beam using TLD and XR type T
GAFCHROMIC Film, Iran. J. Radiat. Res, 2008,
6:129 [Crossref], [Google Scholar], [Publisher]
[15]. Su F.C., Shi C., Papanikolaou N., Clinical
application of Gafchromic EBT film for in vivo
dose measurements of total body irradiation
radiotherapy, Applied Radiation and Isotopes,
2008, 66:389 [Crossref], [Google Scholar],
[Publisher]

[16]. Kowalik A., Konstanty E. Tomasz P.,
Malgorzata S., Malicki J.,
measurement of doses in the surface layers of a
phantom when using Tomotherapy, Reports of
Practical Oncology and Radiotherapy, 2019,
24:251 [Crossref], [Google Scholar], [Publisher]
[17]. Kumari R., Budhi S.Y., Kumar P., Comparison
of different dosimetric indices for volumetric arc
modulated treatment planning using 2 different
treatment planning systems: a feasibility study
for total body irradiation, Asian Pacific Journal of
Cancer Care, 2023, 8:483, [Crossref], [Google
Scholar], [Publisher]

[18]. Chen H.H., Wu ], Chuang K., Lin ].F., Lee
J.C., Lin J.C.,, Total body irradiation with step
translation and dynamic field matching, BioMed
Research International, 2013, 2013 [Crossref],
[Google Scholar], [Publisher]

[19]. Butson M., Pope D., Haque M., Chen T., Song
G., Whitaker M., Build-up material requirements
in clinical dosimetry during total body irradiation
treatments, Journal of Medical Physics/Association
of Medical Physicists of India, 2016, 41:149
[Crossref], [Google Scholar], [Publisher]

[20]. Lu L., Filippi J., Patel A., Gupta N., Weldon M.,
Woollard J., Ayan A, Rong Y., Martin D., Pelloski
C., Welliver M.X,, A clinical dosimetry analysis of
total body irradiation for leukemia patients,
International Journal of Medical Physics, Clinical
Engineering and Radiation Oncology, 2014, 3:31
[Crossref], [Google Scholar], [Publisher]

[21]. Surucu M., Mete Y., Gulbin O.K, John F,
James A.R., Verification of dose distribution for

Calculation and

volumetric modulated arc therapy total marrow
irradiation in a humanlike phantom, Medical
physics, 2012, 39:281 |[Crossref], [Google
Scholar], [Publisher]

[14]. Ebrahimi F.T., Gholamhosseinian H., Layegh
M., Ebrahimi T.N., Esmaily H., Determining rectal
dose through cervical cancer radiotherapy by 9

[22]. Arpita S., Derek R.W., Amanda C., Ktita C.P.,

Jason S., Mammo Y., James A., Liam M., Surface

dosimetry of patients undergoing total body
2972 |Page


800.955.4572%20•%20www.LLS.org
https://doi.org/10.1016/j.cell.2004.11.046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lum+JJ%2C+Bauer+DE%2C+Kong+M%2C+Harris+MH%2C+Li+C%2C+Lindsten+T%2C+and+Thompson+CB%2C+Growth+factor+regulation+of+autophagy+and+cell+survival+in+the+absence+of+apoptosis%2C+Cell%2C+120+%282%29%2C+237%E2%80%93248+%282005%29.+&btnG=
https://www.cell.com/fulltext/S0092-8674(04)01150-X
http://dx.doi.org/10.14704/nq.2021.19.8.NQ21120
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yasser+F.M.%2C+Noora+T.A.%2C+Raghad+R.K.%2C+Eman+T.M.%2C+Mahmood+K.O.%2C+Moath+K.B.%2C+Maryam+A.M.%2C+A+review+on+the+folate-linked+prodrugs+for+cancer+chemotherapy%2C+Annals+of+R.S.C.B.%2C+2021%2C+25%3A5645+&btnG=
http://annalsofrscb.ro/index.php/journal/article/view/3131
https://doi.org/10.26655/JMCHEMSCI.2023.9.1
https://www.jmchemsci.com/article_167624.html
https://doi.org/10.1186/s13014-016-0625-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Springer+A.%2C+Josef+H.%2C+Erwin+W.%2C+Christine+T.%2C+Alexandra+B.%2C+Gregor+A.%2C+Andrew+L.%2C+Hedwig+K.%2C+Rainer+G.%2C+Karin+M.%2C+and+Hans+G.%2C+Total+body+irradiation+with+volumetric+modulated+arc+therapy%3A+dosimetric+data+and+first+clinical+experience%2C+Radiat+Oncol%2C+11%3A625%2C+2016.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://link.springer.com/article/10.1186/s13014-016-0625-7
https://ucrfisicamedica.files.wordpress.com/2010/10/phys-of-radiation-therapy-3-edicion-khan.pdf
https://doi.org/.org/10.1063/1.5122533
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumari+R.%2C+Kumar+P.%2C+and+Singh+O.+A.%2C+EPIQA%3A+A+robust+tool+for+the+quality+assurance+of+total+body+delivery.+AIP+Conference+Proceedings%2C+2142%2C+2019.&btnG=
https://pubs.aip.org/aip/acp/article-abstract/2142/1/140020/610768/EPIQA-A-robust-tool-for-the-quality-assurance-of
https://doi.org/10.1118/1.1598711
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Low+DA+and+Dempsey+JF%2C+Evaluation+of+the+gamma+dose+distribution+comparison+method%2C+Med.+Phys.%2C+30%3A2455%2C+2003&btnG=
https://aapm.onlinelibrary.wiley.com/doi/abs/10.1118/1.1598711
https://doi.org/10.1088/0031-9155/59/20/R303
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Joao+S.%2C+Ben+C.+Mike%2C+Review+on+the+characteristics+of+radiation+detectors+for+dosimetry+and+imaging+Partridge%2C+Physics+in+Medicine+%26+Biology%2C+59%3A303%2C+2014&btnG=
https://iopscience.iop.org/article/10.1088/0031-9155/59/20/R303/meta
https://doi.org/%2010.1093/jrr/rrt059
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tanooka+M.%2C+Doi+H.%2C+Miura+H.%2C+Inoue+H.%2C+Niwa+Y.%2C+and+Takada+Y.%2C+Three-dimensional+radiochromic+film+dosimetry+for+volumetric+modulated+arc+therapy+using+a+spiral+water+phantom.+J.+Radiat.+Res.%2C+54%3A1153%2C+2013.&btnG=
https://academic.oup.com/jrr/article/54/6/1153/1133254
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+Ebrahimi+F.T.%2C+Gholamhosseinian+H.%2C+Layegh+M.%2C+Ebrahimi+T.N.%2C+Esmaily+H.%2C+Determining+rectal+dose+through+cervical+cancer+radiotherapy+by+9+MV+photon+beam+using+TLD+and+XR+type+T+GAFCHROMIC+Film%2C+Iran.+J.+Radiat.+Res.%2C+2008%2C+6%3A129+&btnG=
https://pesquisa.bvsalud.org/portal/resource/pt/emr-101990
https://doi.org/10.1016/j.apradiso.2007.09.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+Su+F.C.%2C+Shi+C.%2C+Papanikolaou+N.%2C+Clinical+application+of+Gafchromic+EBT+film+for+in+vivo+dose+measurements+of+total+body+irradiation+radiotherapy%2C+Appl.+Radiat.+Isot.+2008%2C+66%3A389+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0969804307003077
https://doi.org/10.1016/j.rpor.2018.11.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kowalik+A.%2C++Konstanty+E.%2C+Tomasz+P.%2C+Malgorzata+S.%2C+Malicki++J.%2C+Calculation+and+measurement+of+doses+in+the+surface+layers+of+a+phantom+when+using+Tomotherapy%2C+Reports+of+Practical+Oncology+and+Radiotherapy%2C++24%3A251%2C+2019.&btnG=
https://journals.viamedica.pl/rpor/article/view/73951
https://doi:10.31557/APJCC.2023.8.3.483
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumari+R.%2C+Budhi+S.Y.%2C+Kumar+P.%2C+Comparison+of+different+dosimetric+indices+for+volumetric+arc+modulated+treatment+planning+using+2+different+treatment+planning+systems%3A+a+feasibility+study+for+total+body+irradiation%2C+Asian+Pac+J+Cancer+Care%2C+2023%2C+8%3A483&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumari+R.%2C+Budhi+S.Y.%2C+Kumar+P.%2C+Comparison+of+different+dosimetric+indices+for+volumetric+arc+modulated+treatment+planning+using+2+different+treatment+planning+systems%3A+a+feasibility+study+for+total+body+irradiation%2C+Asian+Pac+J+Cancer+Care%2C+2023%2C+8%3A483&btnG=
http://waocp.com/journal/index.php/apjcc/article/view/1097
https://doi.org/%2010.1155/2013/216034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chen+H.H.%2C+Wu+J.%2C+Chuang+K.S.%2C+Lin+J.F.%2C+Lee+J.C.%2C+Lin+J.C.%2C+Total+body+irradiation+with+step+translation+and+dynamic+field+matching%2C+BioMed+Research+International%2C+216034%2C+1-12%2C+2013.+&btnG=
https://www.hindawi.com/journals/bmri/2013/216034/
https://doi.org/10.4103/0971-6203.181632
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Martin+B.%2C+Dane+P.%2C+Mamoon+H.%2C+Tom+C.%2C+Guangli+S.%2C+May+W.%2C+Build-up+material+requirements+in+clinical+dosimetry+during+total+body+irradiation+treatments.+Med.+Phys.%2C+2016%2C+41%3A149%2C+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4871005/
https://doi.org/%2010.4236/ijmpcero.2014.31006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lanchun+Lu.%2C+Jonathan+F.%2C+Akshi+P.%2C+Nilendu+G.%2C+Michael+W.%2C+Jeffery+W.%2C+Ahmetayan%2C+Y.+R.%2C+Douglas+M%2C%2C+Christopher+P+and+Meng+W.%2C+A+clinical+dosimetry+analysis+of+total+body+irradiation+for+leukemia+patients.+J.+Med.+Phys.%2C+3%3A31+2014.+&btnG=
https://www.scirp.org/html/6-2660046_42614.htm
https://doi.org/10.1118/1.3668055
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surucu+M.%2C+Mete+Y.%2C+Gulbin+O.K.%2C+John+F.%2C+James+A.R.%2C+Verification+of+dose+distribution+for+volumetric+modulated+arc+therapy+total+marrow+irradiation+in+a+humanlike+phantom.+Med.+Phys.%2C+2012%2C+39%3A281%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surucu+M.%2C+Mete+Y.%2C+Gulbin+O.K.%2C+John+F.%2C+James+A.R.%2C+Verification+of+dose+distribution+for+volumetric+modulated+arc+therapy+total+marrow+irradiation+in+a+humanlike+phantom.+Med.+Phys.%2C+2012%2C+39%3A281%2C+&btnG=
https://aapm.onlinelibrary.wiley.com/doi/abs/10.1118/1.3668055

KumariR, etal /]. Med. Chem. Sci. 2023, 6(12) 2964-2973

irradiation: A retrospective analysis for quality
assurance, Cureus Journal of Medical Science,
2020, 12:e6900 |[Crossref], [Google Scholar],
[Publisher]

[23]. Nelligan R., Bailey M., Tran T. Baldwin Z,
ACPSEM ROSG TBI working group
recommendations for quality assurance in total
body irradiation, physical &
engineering sciences in medicine, 2015, 38:205
[Crossref], [Google Scholar], [Publisher]

[24]. Yao R, Bernard D., Turian ]., Abrams R. A,
Sensakovic W., Fung H.C., A simplified technique
for delivering total body irradiation (TBI) with
improved homogeneity, Medical Physics, 2012,
39: 2239 [Crossref], [Google Scholar], [Publisher]

Australasian

HOW TO CITE THIS ARTICLE

[25]. Ganapathy K,
Muthukumaran M.,

Kurup P.G.G, Murali V.,
Bhuvaneshwari N,
Velmurugan K.J., Patient dose analysis in total
body irradiation through in-vivo Dosimetry,
Journal of medical physics/Association of Medical
Physicists of India, 2012, 37:214 [Crossref],

[Google Scholar], [Publisher]

[26]. Akino Y., McMullen ].P., and Das L]., Pattern
of patient specific dosimetry in total body
irradiation, Medical Physics, 2013, 40:041719
[Crossref], [Google Scholar], [Publisher]

[27]. Fiandra C., Ricardi U., Ragona R., Anglesio S,,
Gigliolo F.R., Calamia E., Clinical use of EBT model
Gafchromic film in radiotherapy, Medical physics,
2006, 33:4314 [Crossref], [Google Scholar],
[Publisher]

Reena Kumari, Budhi Singh Yadav, Pankaj Kumar, Multi-Detector in Vivo Dosimetry of Volumetric Arcs of Total Body
Irradiation: An Institutional Comparative Study. J. Med. Chem. Sci., 2023, 6(12) 2964-2973.

DOI: https://doi.org/10.26655/[MCHEMSCI.2023.12.11
URL: https://www.jmchemsci.com/article 176720.html

2973 |Page


https://doi.org/10.7759/cureus.6900
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Arpita+S.%2C+Derek+R.W.%2C+Amanda+C.%2C+Ktita+C.P.%2C+Jason+S.%2C+Mammo+Y.%2C+James+A.%2C+Liam+M.%2C+Surface+dosimetry+of+patients+undergoing+total+body+irradiation%3A+A+retrospective+analysis+for+quality+assurance.+Cureus%2C+2020%2C+12%3Ae6900+&btnG=
https://www.cureus.com/posters/1100-surface-dosimetry-of-patients-undergoing-total-body-irradiation-tbi---a-retrospective-analysis-for-quality-assurance
https://doi.org/10.1007/s13246-015-0344-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nelligan+R.%2C+Bailey+M.%2C+Tran+T.+Baldwin+Z.%2C+ACPSEM+ROSG+TBI+working+group+recommendations+for+quality+assurance+in+total+body+irradiation%2C+Australas+Phys+Eng+Sci+Med%2C+2015%2C+38%3A205+&btnG=
https://link.springer.com/article/10.1007/s13246-015-0344-7
https://doi.org/10.1118/1.3697526
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yao+R.%2C+Bernard+D.%2C+Turian+J.%2C+Abrams+R.+A.%2C+Sensakovic+W.%2C+Fung+H.C.%2C+A+simplified+technique+for+delivering+total+body+irradiation+%28TBI%29+with+improved+homogeneity.+Australasian+physical+%26+engineering+sciences+in+medicine%2C+2012%2C+39%3A+2239+&btnG=
https://aapm.onlinelibrary.wiley.com/doi/abs/10.1118/1.3697526
https://doi.org/%2010.4103/0971-6203.103607
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ganapathy+K.%2C+++Kurup+P.G.G.%2C+++Murali+V.%2C+++Muthukumaran+M.%2C++Bhuvaneshwari+N.%2C+++Velmurugan+K.J.%2C+Patient+dose+analysis+in+total+body+irradiation+through+in-vivo+Dosimetry%2C+J.+Med.+Phys.%2C+2012%2C+37%3A214&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3532750/
https://doi.org/10.1118/1.4735355
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Akino+Y.%2C+McMullen+J.P.%2C+and+Das+I.J.%2C+Pattern+of+patient+specific+dosimetry+in+total+body+irradiation.+Med.+Phys.%2C+40%3A+041719%2C+2013.++&btnG=
https://aapm.onlinelibrary.wiley.com/doi/abs/10.1118/1.4795335
https://doi.org/10.1118/1.2362876
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fiandra+C.%2C+Ricardi+U.%2C+Ragona+R.%2C+Anglesio+S.%2C+Gigliolo+F.R.%2C+Calamia+E.%2C+Clinical+use+of+EBT+model+Gafchromic+film+in+radiotherapy%2C+Med.+Phys.%2C+2006%2C+33%3A4314+&btnG=
https://aapm.onlinelibrary.wiley.com/doi/abs/10.1118/1.2362876
https://doi.org/10.26655/JMCHEMSCI.2023.12.11
https://www.jmchemsci.com/article_176720.html

