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ABSTRACT

Spatially fractionated radiotherapy (SFRT) is one of the
nonconventional radiotherapy techniques utilized to treat patients with
advanced bulky tumors. This study was aimed to estimate the different
dosimetric parameters of the SFRT technique and compare it to the three-
dimension conformal radiotherapy (3D-CRT) of bulky pelvic tumors.
3D-CRT and SFRT were designed by the Monaco treatment planning
system. Twelve bulky pelvic tumor cases were selected, a single fraction
with a high dose 15Gy was used. Dosimetric parameters were calculated
minimum dose (Dmin), mean dose (Dmean), and maximum dose(Dmax)
(Gy) for organs at risk (OARs). Also, the dosimetric parameters were
calculated of tumors, Dose near maximum (D2) Gy, mean dose (D50)
Gy, Dose received by 95% volume (D95) Gy, and Dose near minimum
(D98) Gy. SFRT achieves fewer doses for OARs were compared to 3D-
CRT. In SFRT, where OARs in close to the tumors and shielding it by
multi-leaf (MLCs) with thick (1 cm) leads to more effective than other
techniques. Also, SFRT was at variance with 3D-CRT techniques for
different cases of D2, D50, D95, and D98 ( Gy ) for the tumors. There
are significant differences between the two methods for all OARs for
Dmin, Dmean, and Dmax (Gy), also, D2, D50, D95, and D98 (Gy) for
the tumors, p —values less than 0.05. Although SFRT plans noted less
coverage tumor than 3D-CRT. However, the SFRT method kills tumor
cells by indirectly radiating, abscopal effect, vascular damages, and
immunomodulation reactions occur by radiobiological mechanisms in
this method with 15 Gy. It could be concluded that SFRT achieves more
sparing and fewer complications for OARs by limiting the volume of
tissues being exposed to high doses of radiation when compared with 3D-
CRT.
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INTRODUCTION

The main purpose of radiotherapy (RT) treatment is to maximize
the radiation dose to the tumor while keeping normal tissues, that close
with it, receive minimum dose as much as possible. Therefore, the great
challenge is how to destroy tumor cells while protecting normal tissues
during this treatment (Chapman, 2003). Radiotherapy treatment for
bulky tumors is a big issue for oncologists. An increased volume of the
tumors leads the normal tissues and organs at risk (OARs) to receive high
doses than its tolerance dose when treated by three-dimension
conventional 3D-CRT (Billena and Khan, 2019). SFRT is a method
that is applied to treat bulky tumors (diameter > 6¢cm) by irradiating the
volume through isolated small openings and closing areas in the field of
radiation (Yan et al., 2020). This method is achieved via the utilization
of many small beams in the field with high-dose single-fraction radiation.
Specific areas of the target tissue are directly irradiated, while the
surrounding areas are protected from direct high-dose radiation (Billena
and Khan, 2019). Many researchers suggested that bystander response,
which refers to effects seen in cells that are indirectly radiated, abscopal
effect, vascular damages, and immunomodulation reactions occur by
radiobiological mechanisms in SFRT (Gholami et al., 2016).

This study was aimed to estimate the difference in dosimetric
parameters in SFRT and 3D-CRT techniques for bulky pelvic tumors
cases (as scenarios) in radiotherapy plans and evaluate the differences
between the two methods for these parameters. This study is the first
practical experiment in this subject.

SUBJECTS AND METHODS

1. Computed tomography (CT) simulator: CT simulator of type
(Siemens, Somatom AS, Garmany), provided with 24 multi-slices per
rotation, was used to scan the cases in this study.

2. Monaco sim workstation: Three-dimensional RT treatment planning
system (TPS) of type (Monaco, Elekta, Sweden) was used in this
study.

2. Data collection: twelve cases were selected with bulky pelvic tumors >
6 cm, taken from TPS. They were scanned on a Siemens CT
simulator, following by the export of CT images to the Monaco sim
workstation, bulk tumor and organs at risk, which were close to the
tumor, were delineated. When the delineation is completed, the CT
images are sent to the Monaco workstation to design the treatment
plans (as scenarios) of the SFRT. Each radiation field is divided into
several sub-fields with an area of 1 cm? as shown in Figure 1, also
3D- CRT plan for each case was performed by TPS.
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Figure 1 Scheme of the SFRT method processes

Statistical analysis was performed using Microsoft Excel 2016
(Microsoft Corp., Redmond, WA) data analysis program. Two sided
paired student’s t-test was used to evaluate parameters for two techniques
SFRT and 3D-CRT. The quantitative data were presented in the form of
mean and standard division of the mean. Significance was considered at a
p-value less than 0.05.

RESULTS AND DISCUSSION

Figures 2 and 3 displays a bladder tumor case with two different
treatment methods, SFRT, and 3D-CRT, respectively. To highlight
the difference in the protective shields of OARs by MLCs that
surrounded the tumor. Also shown the change in the shape of the shield
modify by MLCs to protect the OARs in pelvic sarcoma tumors as shown
in Figures 4,5 and 6. The SFRT plans shown the OARs being well
protected from radiation doses.

Figure 2 Screenshot of an axial view of bulky bladder tumor with SFRT plan.
Radiotherapy department, Nasser institute, Cairo, Egypt.
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Figure 3 Screenshot of an axial view of bulky bladder tumor with 3D-CRT.
Radiotherapy department, Nasser institute, Cairo, Egypt.

Figure 4 Screenshot of a coronal view of bulky pelvic sarcoma tumor with
SFRT plan.
Radiotherapy department, Nasser institute, Cairo, Egypt.

Figure 5 Screenshot of an axial view of bulky pelvic sarcoma tumor with SFRT
plan showed the dose distribution and shielding OARs by MLCs.
Radiotherapy department, Nasser institute, Cairo, Egypt.
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Figure 6 Screenshot of an axial view of bulky pelvic sarcoma tumor with 3D-
CRT plan showed the dose distribution. Radiotherapy department,
Nasser institute, Cairo, Egypt.

The dosimetric results of OARs of bulky pelvic tumors in 3D-CRT
and SFRT.

Calculated and compared the mean of the Dmin, Dmean, and Dmax
(Gy) for OARs for bulky pelvic tumor in 3D-CRT and SFRT by TPS as
shown in Figure 7. The results showed for the Rt femur that SFRT
technique decreased the Dmin, Dmean and Dmax received by about 1.2
Gy (92 % reduction), 5.7 Gy (95.5% reduction) and 8.3 Gy (88.9%
reduction), respectively. The right (Rt) femur in our cases in this study
was far from the tumors as shown in figures 4, 5 and 6 showed that the Rt
femur with good shielding by MLCs in SFRT compared with the 3D-
CRT. While the left (Lt) femur the results showed that SFRT technique
decreased the mean of the Dmin, Dmean, and Dmax dose received by
about 0.4 Gy (57% reduction), 2.8 Gy (78.4% reduction), and 9.6 Gy
(79% reduction) which considered a great advantage since the femur
(head and neck) are sensitive to radiation, the advanced SFRT technique
were better in reducing the high dose region to femurs.

The results showed for bladder that the SFRT technique decreased
the Dmin, Dmean and Dmax received by about 2.6 Gy (88% reduction)
and 6.5 Gy (82% reduction), and 12.2 (86% reduction) respectively. The
results showed for bowel that the SFRT technique decreased the Dmin,
Dmean and Dmax received by about 1.1 Gy (65.3% reduction), 5.1 Gy
(77.4% reduction), and 105 Gy (70 % reduction), respectively.
Furthermore, it was noted that the difference in the mean of Dmin,
Dmean and Dmax between the SFRT and 3D-CRT for rectum was
minimal about 4.2 Gy (85% reductions), 6.3 Gy (82% reduction) and
12.1 (78% reduction), respectively.
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Griffin et al., (2020) emphasized that SFRT manner of RT has
been highly renewed. Two years ago, the Radiology workshop with three
working groups (clinical, biological, and physics) was co-conducted by
the National Cancer Institute and the Radiation Society to give strong
testimony to the therapy and potential clinical application (Griffin et al.,
2020). The patrons of the SFRT plans in this study are directly in
agreement with prior reports of (Yan et al., 2020) when summarizing the
clinical application studies of SFRT radiotherapy from 1990 to 2019
(Yan et al., 2020). Asur et al., (2015) reported successfully use in the
treatment of bulky and deep-seated tumors to achieve better control of
bulky tumors, it extends the treatment course minimally and a higher
significance to repair normal tissues (Asur et al., 2015). This is to large
extent in agreement with our findings.
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Figure 7 Comparison of the mean dose (Dmin, Dmean and Dmax) measured by
TPS for the 3D-CRT and 3D-CRT techniques for OARs in bulky
pelvic tumors.

Table 1 shows the mean and stander division SD of the minimum
dose (Dmin) (Gy), mean dose (Dmean) (Gy) and maximum dose (Dmax)
(Gy) for each OARs for bulky pelvic tumors with two techniques SFRT
and 3D-CRT. The SFRT plans achieved reduction of mean doses (Dmin,
Dmean, and Dmax) to all OARs compared to 3D-CRT, there is a
statistical significant differences between the two techniques in all OAR
as p-value < 0.05.
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Table 1 Dmin, Dmean and Dmax (Gy) for organs at risk for bulky
pelvic tumors with two techniques SFRT and 3D-CRT.

OARs Dmin(Gy) Dmean (Gy) Dmax(Gy)
Mean + SD Mean + SD Mean = SD

3D-CRT SFRT 3D-CRT SFRT 3D-CRT SFRT
Rectum 4.92+1.17 0.7+0.37 762239 | 1.3+0.49 | 15.42+0.46 3.31+1.67
P-value 0.00001 0.001 0.0002
Bowel 1.73+05 |  0.6+0.36 6.66+2.72 | 1.5+05 | 15.06+055 | 4.48+2.04
P-value 0.03 0.001 0.001
Bladder 2.95+0.07 |  0.35x0.07 7.98+0.11 | 1.43+0.14 | 10.65+6.93 |  2+0.42
P-value 0.00001 0.0009 0.001
Rt femur 0.7 0.3 6.02 0.27 9.33 1.03
Lt femur 2.62+0.65 0.31+0.21 3.62+0.36 | 0.78+0.41 | 12.22+2.84 2.56+1.71
P-value 0.0003 0.0007 0.008

Table 2 shows the dosimetric parameters of SFRT at variance with
3D-CRT techniques for different cases of bulky tumors, Dose near
maximum (D2) Gy, mean dose (D50) Gy, Dose received by 95% volume
(D95) Gy, and Dose near minimum (D98) Gy for the tumors, that
calculated by TPS according to the report of ICRU 83 ( Menzel, 2010).
Comparison of 3D-CRT with SFRT showed that the decrease in the D98
(Gy) to pelvic sarcoma by more than 10 Gy (70.5% reduction). For the
bladder tumor the dose reduction was more than 10.3 Gy (72%
reduction). A decrease in the D95 (Gy) of the pelvic sarcoma and bladder
tumors more than 9.9 Gy (67.8% reduction) and 9.7 Gy (66.9%
reduction), respectively for SFRT. Meanwhile, a decrease in the D50
(Gy) to the pelvic sarcoma and bladder tumors by more than 6 Gy (40%
reduction) and 6 Gy (39% reduction) for SFRT. While, a decrease in the
D50 to the the pelvic sarcoma and bladder, were more than 1 Gy (7.6%
reductions) and 0.8 Gy (5% reduction) respectively for SFRT. There are
statistically significant differences between techniques in all bulky
tumors in this study for D98, D95, D50, and D2 Gy as p-value <0.05.
Table 2 The comparison between D2(Gy), D50(Gy), D95 (Gy), and

D98(Gy) in SFRT with 3D-RT for the different pelvic
tumors by TPS, Mean, and SD.

tumors D 98(Gy) D95 (Gy) D50 (Gy) D2 (Gy)
3D-CRT | SFRT | 3D-CRT | SFRT | 3D-CRT | SFRT | 3D-CRT | SFRT
Pelvic Mean 14.37 4.18 14.68 4.72 15.38 9.08 16.55 15.28
Sarcoma | +sD 0.255 0.735 0.311 0.43 0.26 0.36 0.32 1.13
P-value 0.00001 0.00004 0.00003 0.03
Bladder Mean 14.4 4.02 14.55 4.81 14.55 9.11 16.44 15.61
+SD 0.10 0.40 0.15 0.64 0.157 1.26 0.77 1.19
P-value 0.0002 0.0009 0.003 0.04
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From Table 2 calculated coverage index which is defined as ratio
of minimum dose within target volume to prescribed dose (PD) and ideal
value of its 0.9 to 1 (Krishna et al., 2016).

Coverage= D98 dose (Gy) / Prescribed dose PD (Gy)----- 1

Calculated and comparison the coverage tumors by Eqe. 1 for
pelvic sarcoma and bladder tumors in 3D-CRT (0.958 and 0.96),
respectively and (0.27 and 0.26), respectively in SFRT.

The advance technique SFRT greatly reduced the radiation dose to
OARs as shielding it in SFRT is extremely easy by MLCs. Although
SFRT plans that noted less coverage tumor than 3D-CRT, SFRT method
causes kill tumor cells by biological processes. (Fukunaga et al., 2021)
investigated that SFRT method kill cell tumors by both direct (DNA)
damages and bystander effect occur with therapy, so non-irradiated cells
respond to signals produced by gap junction neighboring irradiated cells.
Also, experimentally and in clinical studies, observations have provided
strong evidence indicating that molecular events leading to various
biological effects, including genetic damage, from irradiated to non-
irradiated cells and abscopal effect, induced by radiation effects as a
possible referee of response to radiotherapy (McMahon et al., 2013),
(Jin et al., 2014) described a simple clinical useful 3D- conformal
MLCs-based on the SFRT-therapy technique that resulted in enhanced
target coverage for the deep seated bulky tumors with reduced skin
toxicity and other internal critical structures.

James, et al., (2020) mentioned as SFRT provides another
approach for dose escalation while sparing skin and soft tissues between
beamless, which may lead to less perioperative and wound problems due
to a greater possibility for healing into dose-escalated areas from
neighboring spared parts (Snider et al., 2020). This is to large extent in
agreement with our findings.

Various trials have been conducted a deeper insight into the
radiation effect on tumor cells with doses 12 Gy, and endothelial
apoptosis activation has been shown on the tumor models. Also, they
noticed cytokine releases, bystander reactions, and abscopal doses
required by conventional radiation to impact at least 10 Gy doses (L.i et
al., 2018), (Tubin and Raunik 2017). This is to large extent in
agreement with our findings.

CONCLUSION
A high dose of radiation is delivered by SFRT without exceeding
the tolerance dose of OARs when minimizing the volume of OARs that
are being exposed to high doses.
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The future work: SFRT method will need to study the measurement of
dosimetric parameters by different ionization chambers in tumor or
normal tissues radiated.

REFRENCES

Asur, R. ; K.T. Butterworth ;J.A. Penagaricano ; K.M. Prise
and R.J. Griffin (2015). High dose bystander effects in
spatially fractionated radiation therapy, Cancer Letters, 356(1):
52-57.

Billena, C. and A.J.Khan (2019). A Current review of spatial
fractionation: Back to the future?, Int. J. Radiation Oncology
Biology Physics, 104(1): 177-187. doi:

Chapman, J.D. (2003). Single-hit mechanism of tumour cell killing by
radiation. Int. J. Radiat. Biol., 79: 71-81

Fukunaga, H. ; K.T. Butterworth ; S.J. McMahon and K.M.Prise
(2021). A Brief overview of the preclinical and clinical
radiobiology of microbeam radiotherapy statement of research
strategies, Clinical Oncology, 33(11): 705-712.

Gholami, S. ; H.A. Nedaie ; F. Longo ; M.R. Ay ; S. Wright and A.S.
Meigoon (2016). Is grid therapy useful for all tumors and every
grid block design?, J. Appl. Clin. Med. Physics, 17(2):6015.

Griffin, R.J. ; M.M. Ahmed ; B. Amendola ; O. Belyakov ; S.M.
Bentzen ; K.T. Butterworth ; S. Chang ; N. Coleman ; V.
Djonov ; S.C. Formenti ; E. Glatstein ; C. Guha ; S.
Kalnicki ; Q. Le ; B.W. Loo ; A. Mahadevan ; M. Massaccesi
and P.G. Maxim (2020). Understanding high-dose, ultra-high
dose rate, and spatially fractionated radiation therapy’, Int. J.
Radiation Oncology Biology Physics, 107(4): 766—778.

James, A.C. ; T. Reardon ; A. Soler ; G. James and C. Creswell
(2020). Cognitive behavioural therapy for anxiety disorders in
children and adolescents. Cochrane Database of Systematic
Reviews. Published by John Wiley & Sons, Ltd.,11: 1-287

Jin, F.F. ; J. Boucharel and L.I. Lin (2014). Eastern Pacific tropical
cyclones intensified by EINin o delivery of subsurface ocean
heat. Nature, 516: 82—-85

Krishna, G.S. ; V. Srinivas ; K.M. Ayyangar and P.Y. Reddy (2016).
Comparative study of old and new versions of treatment
planning system using dose volume histogram indices of clinical
plans. J. Med. Phys., 41(3): 192-197.

Li, M. ; L. You ; J. Xue and Y. Lu (2018). lonizing radiation-induced
cellular senescence in normal, non-transformed cells and the
involved DNA damage response: A mini review’, Frontiers in
Pharmacology, 9, 1-8. doi: 10.3389/fphar.2018.00522.


https://pubmed.ncbi.nlm.nih.gov/?term=Asur+R&cauthor_id=24246848
https://pubmed.ncbi.nlm.nih.gov/?term=Butterworth+KT&cauthor_id=24246848
https://pubmed.ncbi.nlm.nih.gov/?term=Penagaricano+JA&cauthor_id=24246848
https://pubmed.ncbi.nlm.nih.gov/?term=Prise+KM&cauthor_id=24246848
https://pubmed.ncbi.nlm.nih.gov/?term=Griffin+RJ&cauthor_id=24246848
https://www.sciencedirect.com/science/article/pii/S0936655521003058#!
https://www.sciencedirect.com/science/article/pii/S0936655521003058#!
https://www.sciencedirect.com/science/article/pii/S0936655521003058#!
https://www.sciencedirect.com/science/article/pii/S0936655521003058#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.sciencedirect.com/science/article/abs/pii/S0360301620309585#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishna%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=27651566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srinivas%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27651566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayyangar%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=27651566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20PY%5BAuthor%5D&cauthor=true&cauthor_uid=27651566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019038/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29872395
https://www.ncbi.nlm.nih.gov/pubmed/?term=You%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29872395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29872395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29872395

203 Eqypt. J. of Appl. Sci, 36 (9-10) 2021

McMahon, S.J. ; C.K.McGarry . K.T. Butterworth ; J.M. O'Sullivan
; A. R. Hounsell and K.M. Prise (2013). Implications of
intercellular signaling for radiation therapy: A theoretical dose-
planning study’, Int. J. Radiation Oncology Biology Physics,
87(5): 1148-1154.

Menzel, H. G. (2010). The International Commission on Radiation Units
and Measurements. J. of the ICRU., 10(1):1-106

Snider, JW. ;J. Molitoris ;S. Shyu ; T. Diwanji ;S. Rice ; E.
Kowalski ; C. Decesaris ; J.S. Remick ; B. Yi ; B. Zhang ; A.
Hall ; N.Hanna ; V.Y. Ng and W.F. Regine (2020). Spatially
fractionated radiotherapy (GRID) prior to standard neoadjuvant
conventionally fractionated radiotherapy for bulky, high-risk
soft tissue and osteosarcomas: Feasibility, safety, and promising
pathologic response rates’, Radiation Res., 194(6): 707-714.

Tubin, S. and W. Raunik. (2017). Hunting for abscopal and bystander
effects: Clinical exploitation of non- targeted effects induced by
partial high-single-dose irradiation of the hypoxic tumour
segment in oligomet’. Acta Oncologica, 56(10): 1324-1327.

Yan, W. ; M.K. Khan ; X. Wu ; C.B. Simone ; J. Fan ; E. Gressen
; X. Zhang ; C.L. Limoli ; H. Bahig ;S. Tubin and W.F.
Mourad (2020). Spatially fractionated radiation therapy:
History, present and the future. Clin Transl Radiat Oncol., 20:
30-38.

SNzl Jilia iaall o lad) ziall Leledd) clejal) 4k
dadall (agal) clilayud slady) A6 Galaal)

¢ O O daaa ¢ P Gig e Qlgl ¢ T il aaial) a7l
t g lend Ay cade ¢ gl 48 uge daal
Gball 2aay ¢ gVl =Sl dlsall She !
e ‘E)Am\ ‘BJA&” AML; ‘e\)}‘jd LSA}S“ -\@AA“ 2
o yan ol daals ¢ Eipadly ZMall Hoali dgre oo ladY) Al s
e 5l (Ohsla Aasls ¢ aslal) IS cdygall Aphall o Ll Apnd colpyadll ad !
daaiiaa) Ay e ledY) el il sl s gdmall eledY) Z k)
Byshiall dadiall amgall (GUap)alys) (e Al
o ladV el Al de e 2V cilepal) ke i ) Auhall ol Caags
Al gasall sl 2Vl D Glaall 2 Mall po Lgiilias ¢yl
e3aall =3 all e 2lad¥) D0 Gillad) ele 51 23 all b el ane i o
dpag ahl s syde ) HLad) a5 SUige oadlall Jaylads ol dauls (SFRT)


https://pubmed.ncbi.nlm.nih.gov/?term=McGarry+CK&cauthor_id=24119835
https://pubmed.ncbi.nlm.nih.gov/?term=Butterworth+KT&cauthor_id=24119835
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Sullivan+JM&cauthor_id=24119835
https://pubmed.ncbi.nlm.nih.gov/?term=Hounsell+AR&cauthor_id=24119835
https://pubmed.ncbi.nlm.nih.gov/?term=Prise+KM&cauthor_id=24119835
https://www.researchgate.net/profile/H-Menzel
https://www.researchgate.net/journal/Journal-of-the-ICRU-1473-6691
https://pubmed.ncbi.nlm.nih.gov/?term=Snider+JW&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Molitoris+J&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Shyu+S&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Diwanji+T&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Rice+S&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Kowalski+E&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Kowalski+E&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Decesaris+C&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Remick+JS&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Yi+B&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+B&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Hall+A&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Hall+A&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Hanna+N&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Ng+VY&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Regine+WF&cauthor_id=33064802
https://pubmed.ncbi.nlm.nih.gov/?term=Tubin+S&cauthor_id=28686524
https://pubmed.ncbi.nlm.nih.gov/?term=Raunik+W&cauthor_id=28686524
https://pubmed.ncbi.nlm.nih.gov/?term=Yan+W&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+MK&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+X&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Simone+CB+2nd&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Fan+J&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Gressen+E&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+X&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Limoli+CL&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Bahig+H&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Tubin+S&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Mourad+WF&cauthor_id=31768424
https://pubmed.ncbi.nlm.nih.gov/?term=Mourad+WF&cauthor_id=31768424

Egypt. J. of Appl. Sci, 36 (9-10) 2021 204

Glepall Jaee lus 25 saals duday (558 15 dlle Leledl deja aladinl 5« dedia
Shall el ;t:.z.s‘vd (<) san s (ssamill dc yally Ao giall de alls (o ppaall)
Ll dejallS ol AU clejall (uld C¥aee (il 5 LS. (OARS) (Al daay) )
795 Gy ddlind) dejally (D50) Gy dejall baussias SIL (D2) o) asl) (pa
SFRT Gia glilll (D98) Gy V) asll e Ayl de alls (D95) Gy aysll ans (1e
¥ S Gilad) et 3 o Leilie v Aadull 3adU J8 clea
il sadatiall miliall Aoy leilea ayell (e s And 58 OARs &us (SFRT
AV bl (e ST e iV (e dles (W 535 (e 1) Gl MLCS) g L)
e Adliie VAT S]] e leiN) 3l 4 e SFRT calidy ¢ Uy
5D95 5 D50 ;D2 «llxs;« Dmax (Gy) s Dmean 5 Dmin . J<I (OARS)
3gag cabaa¥ SFRT Labi of e ag)l) e .0.05 oo Ji p adis ¢ o),50 D98 (Gy)
Jiis SFRT diph old ¢ el pay . (A Gillaall oledl) 30l o apsll J8 ddass
¢ Aagadl Ao ¥ Caliy ¢ llaall Ll ¢ ALl e gLl Gk oo Aslayad) LA
o Adpylall s3a 8 Lygal) LeledY) LY Aoy Ciaas ) e bl pysatl) el
Jil clie Laey caiaill (e 13330 SFRT sy rculalinu) L o< 15 dle 535k deya
i el e Ale clejal (e ) Aawl) aaa e aall Gyl e @lld; OAR
DY) D i) z el i jlia



