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Abstract

Background: RapidArc®, the Varian solution of Volumetric-modulated arc therapy (VMAT) is currently used in
the curative treatment of localized prostate cancer. The aim of this study was to evaluate the dosimetric parameters
(effectiveness and efficiency) of the arc dynamic therapy at the Teaching Hospital Mohamed V.

Materials and methods: Thirty two patients were treated with curative intent, between June 2013 and December
2014, for localized prostate cancer with RapidArc. Computed tomography (CT) based treatment planning was
performed in the supine position with immobilization devices. The patients were instructed to have a comfortably full
bladder and an empty rectum at CT acquisition and before each treatment. Delineation of target volume and organs
at risk (OARs) was based on the consensus recommendations of the RTOG. The dose prescription was performed
with simultaneous integrated boost (SIB) method. Data was collected from dose-volume histograms (DVH) either
for planning target volumes (PTV2) or OARs. We calculated the homogeneity index (HI) and the conformity index
(CI). We also reported acute and late toxicity related to radiation therapy.

Results: The mean age was 66.63 +7.24 years old. Of the 32 patients, 24(75%) defined as high-risk. All PTV
received dose ranging from 95% to 107% of the prescribed dose. The homogeneity and conformity index was
very close to 1 of all treatment plans. The dose limits were respected in all OARs as recommended in QUANTEC
reviews 2010. Respectively, the analysis of the HDV in the rectum and the bladder found a V70 at 7.15 + 5.63% and
16.88 + 8.62% and a V60 at 16.32 + 7.97% and 27.68 £ 10 32%. The V50 in the femoral heads was 0.39 + 0.57%
on the right and 0.71 = 1.35% on the left. The V50, V40 and V30 in the bowel bag were 38.76 + 39.73 cc, 155.38 £
85,60 cc and 320.09 + 180.41 cc, respectively. The mean MU was 555.94 + 86.34 and delivery treatment time (min)
was 1.99 + 0.47. After three months of radiation therapy, no grade 3 or 4 toxicity was reported. The median control
PSA was very low at 0,052 [0.012, 0.417] ng/ml.

Conclusion: This present study demonstrated that RapidArc showed optimal PTV coverage and the best
OARs sparing with less number of MUs and short treatment time. Acute Gl and GU toxicities were very low. Further

studies are needed to evaluate late toxicities and tumor control.
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Abbreviations: EBRT: External Beam Radiation Therapy; 3D-CRT:
Three-Dimensional Conformal Radiotherapy; VMAT: Volumetric
Modulated Arc Therapy; IMRT: Intensity Modulated Radiation
Therapy; MLC: Multi Leaf Collimator; PRO: Progressive Resolution
Optimization; CT: Computed Tomography; CTV: Clinical Target
Volume; PTV: Planning Target Volume; OAR: Organs at Risk; SIB:
Simultaneous Integrated Boost; DVH: Dose Volume Histograms; CI:
Conformity Index; HI: Homogeneity Index; GI: Gastrointestinal; GU:
Genitourinary; CTCAE: Common Terminology Criteria for Adverse
Events; IQR: Interquartile Range; SD: Standard Deviation; ADT:
Androgen Deprivation Therapy; AJCC: American Joint Committee
On Cancer; PSA: Prostate-Specific Antigen; QUANTEC: Quantitative
Analyses of Normal Tissue Effects in the Clinic; IGRT: Image-Guided
Radiation Therapy; CBCT: Cone Beam CT; RT: Radiation Therapy;
RTOG: Radiation Therapy Oncology Group; MU: Monitor Units

Introduction

Prostate cancer is the second most common cancer in men
worldwide, with an estimated 1,100,000 cases and 307,000 deaths
in 2012 [1]. External beam radiation therapy (EBRT) with three-
dimensional conformal radiotherapy (3D-CRT) is frequently used in
the curative treatment of localized prostate cancer, and dose-escalation
has been shown in multiple randomized, controlled trials to improve

biochemical disease-free survival but at the cost of increased toxicity
[2]. Due to current advances in the technology of EBRT such as
volumetric modulated arc therapy (VMAT) and intensity modulated
radiation therapy (IMRT), it is possible to deliver conformal dose to the
target while the dose to surrounding normal tissue can be significantly
reduced [3,4]. Due to these improved outcomes, classic IMRT and
VMAT techniques are becoming the new standard for curative EBRT.
Despite several dosimetric differences among planning studies, the
greatest advantage of VMAT is requiring less number of MUs and
shorter delivery treatment time when compared to classic IMRT with
fixed field [5,6].

VMAT can deliver modulated radiation beam with simultaneous
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adjustment of dose rate, gantry speed, and multi leaf collimator (MLC)
field aperture, facilitating highly conformal treatment and optimal
sparing of the normal tissue near the target [7]. RapidArc® uses the
Progressive Resolution Optimization (PRO) algorithm in the Eclipse
planning system developed by Varian Medical System (Palo Alto,
California, USA). The optimisation process is based on an iterative
inverse planning process aiming to simultaneously optimise the
instantaneous multi leaf collimator (MLC) positions, the dose rate, and
the gantry rotation speed to achieve the desired dose distribution [8,9].

The aim of our study was to evaluate the dosimetric parameters
(effectiveness and efficiency) of the arc dynamic therapy at the Military
Teaching Hospital Mohamed V.

Material and Method
Study population

This is a retrospective study of localized prostate cancer patients
treated with RapidArc at the radiotherapy department of Military
Teaching Hospital Mohamed V of Rabat in Morocco, between Jun 2013
and December 2014. There were three plans of treatment according to
the stratification risk: prostate + seminal vesicles, whole pelvic, and
prostate bed in the post-operative sitting.

Treatment planning

Computed tomography (CT) based treatment planning was
performed in the supine position, with 2.5-mm thick slices from
upper abdomen to 5 cm below the ischial tuberosities with their legs
and pelvis immobilized by a custom vacuum immobilization device.
The patients were instructed to have a comfortably full bladder and an
empty rectum at CT acquisition and before each treatment. The CT
data set was transferred to the Eclipse ver. 10.0 treatment planning
system (Varian Medical Systems, Palo Alto, CA).

The prostate clinical target volume (CTV) was defined as the
entire prostate and proximal 2.0 cm of seminal vesicles. The prostate
planning target volume (PTV) was generated by adding a 10 mm
isotropic margin around to the prostate CTV in all dimensions,
except posteriorly, where a 5 mm margin was used. The nodal CTV
begin at the L5/S1 interspace, with the external iliac nodal contours
stop at the top of the femoral head and the obturator nodal contours
extend inferiorly to the top of symphysis pubis, based on the consensus
recommendations of the RTOG. The nodal PTV consisted of a 0.7 cm
expansion of the nodal CTV. Target volumes were defined as PTV1,
which included the prostate or prostate bed, and PTV2, which included
the seminal vesicles or lymph nodes. Organs at risk (OARs) contoured
on the treatment planning CT include the left and right femoral heads
to the level of the ischial tuberosity, the bowel bag, the bladder, and the
rectum from the superior rectosigmoid flexure to the inferior level of
the ischial tuberosities.

The prescribed doses to PTV1 and PTV2 were 56Gy in 37 fractions
and 74Gy in 37 fractions, respectively, using single-arc or double-
arc with simultaneous integrated boost (SIB) plans to cover 95% of
the PTV, with the maximum dose in the PTV no more than 107% of
the prescription dose. However, the prostate bed received 66Gy in 33
fractions.

Evaluation planning

Dose volume histograms (DVHs) were constructed for the PTV2,
rectum, bladder, femoral heads, and bowel bag. Parameters chosen
for evaluation of the PTV2 in each plan were D2% (%), D5% (%),

D95% (%), D98% (%), V95% (%), V107% (%), we also calculated the
conformity index (CI) and the homogeneity index (HI) using following
formulas:

CI =V95%/V100%
HI2% = D2%/D95%
HI5% = D5%/D95%

The analysis included V74Gy (%), V70Gy (%) and V60Gy (%) for
the rectum and bladder. The mean dose (Gy) and V50Gy (%) of each
femoral head. The mean dose (Gy), D2% (Gy), V50Gy (cc), V40Gy (cc)
and V30Gy (cc) of bowel bag were also notified. The total number of
monitor units (MUs) per fraction and the treatment time were also
used to evaluate the efficiency of treatment delivery.

Acute toxicities such as gastrointestinal (GI) and genitourinary
(GU) toxicities were notified for all patients, using the Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0 adverse
event scoring system. The response to treatment was evaluated by PSA
3 months after the end of radiation therapy.

Statistical analysis

Statistical analysis was performed using SPSS (version 20.0.0; SPSS,
Chicago, IL). Qualitative variables were presented as number and
percentages. Quantitative variables were presented as mean + standard
deviation for variables with normal distribution, and as median and
interquartile range (IQR) for variables with skewed distributions.

Result
Patient characteristics

Patient characteristics are summarized in Table 1. The mean age
was 66.63 £ 7.24 years old. Of the 32 patients, 24 (75%) defined as high-

Characteristic(n=32)

Age (years) 66.63 +7.24
Pretreatment PSA (ng/ml) $ 16.5[6.9; 25.7]
Gleason score*

5 1(3.1%)
6 13 (40.6%)
7 10 (31.3%)
8 7 (21.9%)
9 1(3.1%)
AJCC T-stage*

T2a 3(9.4%)
T2b 2 (6.3%)
T2c 11 (34.4%)
T3a 6 (18.8%)
T3b 9 (28.1%)
T4 1(3.1%)
D’Amico risk stratification*

Low risk 2 (6.3%)
Intermediate risk 6 (18.8%)
High risk 24 (75%)
Androgen deprivation therapy (ADT)* 30 (93.9%)
Radical prostatectomy * 4 (12.5%)
*Qualitative variables presented as number and percentages n (%)
°Quantitative variables presented as mean + standard deviation (SD)
$Quantitative variables presented as median and interquartile range (IQR)
Abbreviation: AUCC, American Joint Committee on Cancer; PSA, prostate-
specific antigen

Table 1: Patients characteristics.
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risk, 6 (18.8%) as intermediate-risk and 2 (6.3%) as low-risk. Androgen
deprivation therapy (ADT) was indicated to 30 (93.9%) patients.

Target coverage, homogeneity and conformity index

ANl PTV received dose ranging from 95% to 107% of the prescribed
dose. The D98%, also called near-minimum absorbed dose, for
PTV prostate + seminal vesicles, whole pelvic and prostate bed, was
respectively 94.47 + 3.64, 92.96 + 9.85 and 97.08 + 0.58. The D95% was
97.51 +2.78,97.49 + 3.87 and 99.67 + 0.26 respectively. The D2%, also
called near-maximum absorbed dose, was respectively 103.75 + 1.43,
103.46 + 1.51 and 104.59 + 1.03. The homogeneity and conformity
index was very close to 1 of all treatment plans. Coverage Parameters of
PTV2 was summarized in Table 2. Figures 1 and 2 shows respectively
isodoses distributions of PTV1 and PTV2 using RapidArc technique
for 1 patient.

Plan of treatment
Parameter | Objective Prostate + Whole pelvic | Prostate bed*
vesicles n=11 n=4
N=17
PTV"’(;’;’)'“““* 157.20 + 33.32 |158.26 + 84.07| 185.07 + 53.89
D2% (%) 103.75+1.43 | 103.46 £ 1.51 | 104.59 + 1.03
D5% (%) 103.24 £1.33 | 102.98 £ 1.41 | 104.14 £ 1.01
D95% (%) 95.25 + 5.76 95.81 +4.55 98.15+ 0.42
D98% (%) 94 .47 + 3.64 92.96 + 9.85 97.08 + 0.58
V95% (%) 97.51+278 97.49 + 3.87 99.67 + 0.26
V107% (%) 0.05+0.12 0.04 £ 0.08 0.01+0.01
Cl 1 0.97 +£0.02 0.97 +£0.03 0.99 + 0.002
HI2% 1 1.09 + 0.08 1.08 + 0.05 1.06 £ 0.01
HI5% 1 1.08 £ 0.08 1.07 £ 0.05 1.06 £ 0.01
*In the post-operative sitting
Quantitative variables presented as mean * standard deviation (SD)
Abbreviation: Cl, conformity index; HI, homogeneity index

Organs at risk DVH Analysis

Results concerning OAR doses were reported in Table 3. The dose
limits was respected in all structures as recommended in QUANTEC
reviews 2010. Respectively, the analysis of the HDV in the rectum and
the bladder found a V70 in 7.15 + 5.63% and 16.88 + 8.62% and a V60
in 16.32 £7.97% and 27.68 * 10 32%. The V50 in the femoral heads was
0.39 £ 0.57% on the right and 0.71 + 1.35% on the left. The V50, V40
and V30 in the bowel bag was 38.76 + 39.73 cc, 155.38 * 85,60 cc and
320.09 + 180.41 cc, respectively.

OAR Parameter Dose constraints* Mean * SD
Rectum Volume (cc) 67.85 + 35.73
V74Gy (%) V75<15% 1.32+1.43
V70Gy (%) V70<20% 7.15+5.63
V60Gy (%) V60<35% 16.32 £7.97
Bladder Volume (cc) 122.28 £ 46.35
V74Gy (%) V75 < 25% 6.39 +7.01
V70Gy (%) V70 < 35% 16.88 + 8.62
V60Gy (%) V65 < 50% 27.68 + 10.32
ﬁ;ga';‘ femoral Volume (cc) 150.56 + 29.80
D mean (Gy) 21.39+3.53
V50Gy (%) V50 < 10% 0.39+0.57
Left femoral head Volume (cc) 154.56 + 26.15
D mean (Gy) 20.13+2.98
V50Gy (%) V50 < 10% 0.71+1.35
Bowel bag Volume (cc) 709.06 + 250.90
D mean (Gy) 29.03 + 10.023
D 2% (Gy) 47.37 £13.15
V50Gy (cc) V45 to V50<195mL| 38.76 + 39.73
V40Gy (cc) 155.38 + 85.60
V30Gy (cc) 320.09 + 180.41
*QUANTEC Summary

Table 2: Summary of dose coverage of the PTV2 according to plan of treatment.

Table 3: Summary of organs at risk (OARs) dose volume.

Figure 2: Isodose distribution of PTV2. Axial (left), sagittal (middle) and coronal (right), views of 1 Patient.
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+
Pros_tate - Whole pelvic | Prostate bed*
vesicles
Monitor units (MUs) 586.24 + 97.554 | 520 + 65.32 | 526.00 £ 32.40
Delivery treatment time 196+049 | 218+031 | 1624057

(min)
*In the post-operative sitting
Quantitative variables presented as mean * standard deviation (SD)

Table 4: Treatment efficiency.

Pros.t ate £ Whole pelvic Prostate bed*
vesicles
Gl toxicities (Grade 3-4) 0 0 0
GU toxicities (Grade 3-4) 0 0 0
0.12 0.08 0.024
PSA after three months |, ;o) 5 39 [0.01,0.48] [0.002,0.047]

*In the post-operative sitting
Quantitative variables presented as median and interquartile range (IQR)
Abbreviation: Gl, Gastrointestinal; GU, Genitourinary

Table 5: Acute toxicity and response to treatment.

Acute toxicity and treatment efficiency

Results about delivery treatment time and MU are summarized
in Table 4. The mean MU was 555.94 + 86.34 and delivery treatment
time (min) was 1.99 + 0.47. After three months of radiation therapy, no
grade 3 or 4 toxicity was reported. The median control PSA was very
low at 0,052 [0.012, 0.417]. This result was summarized in Table 5.

Discussion

Previous studies comparing VMAT to IMRT for prostate treatment
have highlighted the fact that VMAT delivery is more efficient than
that of IMRT [10-14]. VMAT is an arc-based approach of IMRT that
allows modulated radiation beam with simultaneous adjustment of
dose rate, gantry speed, and multi leaf collimator (MLC) field aperture,
facilitating highly conformal treatment and optimal sparing of the
normal tissue near the target [7]. In our study, all dose constraints were
met satisfactorily for all treatment plans with a little treatment time.
Clinical outcomes were also promising, showed low rates of acute GI
and GU toxicity.

In the last few years, IMRT and VMAT have been increasingly
utilized to treat prostate cancer to permit more conformal dose
distribution and dose escalation. Both of these techniques have the
potential to generate concave dose distributions with radical doses
to the pelvic nodes and prostate gland while reducing the dose to
surrounding adjacent normal tissues. Several authors have showed
that IMRT provides improved OAR sparing and target coverage
over 3D-CRT [3,4]. To evaluate target volumes coverage, there are
many parameters such as D2%, D98%, and homogeneity, conformity
index, which are recommended by ICRU report 83. However, there
is no standardized formula to calculate CI and HI. This issue makes
difficult any comparison between series especially for CI. The DVH
data in the present study showed that RapidArc can generate highly
conformal treatment with very close homogeneity and conformity
index of all treatment plans when compared with IMRT and VMAT as
found in other series [15,16]. A major feature of VMAT is its excellent
dose conformity, which is inherited from the arc therapy nature. The
DVH of normal tissue surrounding the PTV indicates that VMAT
plans are more conformal regarding to the amount of normal tissue
witch respect the Quantitative Analyses of Normal Tissue Effects in the
Clinic (QUANTEC) dose recommendations, in which the bowel bag
volume receiving 45 to 50 Gy should be <195 ml, the rectum V50, V60,

V65, V70, and V75 should be less than 50%, 35%, 25%, 20%, and 15%,
respectively [17].

A significant advantage of VMAT over IMRT originates from
the superior radiotherapy delivery efficiency. With RapidArc in our
study, the mean delivery treatment time was 1.99 + 0.47 minutes.
These are considerably shorter times than it takes to deliver the IMRT
plans, which take approximately 4 to 5 minutes to deliver. Thus, the
risk of intra fractional prostate motion is reduced [18,19]. Moreover,
this time saving could be used to improve patient throughput on a
treatment unit, which then provides additional time for on-line image
guidance without increasing the overall treatment time. In this study,
the mean UMs required by RapidArc were 555.94 + 86.34 units.
While several studies have found that the number of required MUs
is less with VMAT than with IMRT [6,20-22], the number of MUs
delivered by VMAT or IMRT varies significantly depending upon
the planning algorithm. However, the VMAT treatment planning
software with Eclipse RapidArc (Varian Medical Systems, Inc, Palo
Alto, CA) reduced MUs by 32% compared with Pinnacle SmartArc
(Philips Healthcare, Andover,MA) [23]. Palma et al. [24] compared
3D-CRT, Dynamic IMRT and arc therapy using Varian’s Rapid Arc.
They reported better treatment efficiency for the arc therapy (491.6 and
454.2 MUs for constant and variable dose rate respectively) vs.788.8
MUs for Dynamic IMRT. Also, 2-arc, SmartArc VMAT plans delivered
statistically significantly more MUs than 1-arc plans [24].

All studied intensity modulated techniques yield treatment plans
of significantly improved quality and higher MUs when compared to
3D-CRT. But, there are limited data showing the acute toxicity of IMRT
in the setting of the prostate cancer. In our study, no grade 3 or 4 GI or
GU toxicities was reported. Therefore, it seems reasonable to declare
that RapidArec is a useful and valuable technique to treat patients with
prostate cancer. Additionally, despite a number of favorable dosimetric
studies [12,21,22], clinical outcome data studying toxicity in prostate
cancer patients treated with RapidArc in the literature are lacking.
Further, image-guided RT (IGRT) has been shown to be associated
with reductions in toxicity [24]. Daily image guidance with cone beam
CT (CBCT) was practiced in all our patients. The small amount of
patients and incoherent population were principal limitations to this
study [25].

Conclusion

In conclusion, the present study demonstrated that RapidArc
provided feasible PTV coverage and OARs sparing with less number
of MUs and short treatment time. Acute GI and GU toxicities were
acceptably low with no grade 3 or 4, supporting the use of VMAT with
frequently CBCT. Further study is needed to study late toxicity and
tumor control.

Funding

The work was supported by the Faculty of Medicine and Pharmacy of Rabat;
Morocco.

Conflict of Interest

Author Issam Lalya declares that he has no conflict of interest. Author Abdelhak
Maghous declares that he has no conflict of interest. Author EI Amin Marnouche
declares that he has no conflict of interest. Author Noha Zaghba declares that she
has no conflict of interest. Author Khalid Andaloussi declares that he has no conflict
of interest. Author Mohamed Elmarjany declares that he has no conflict of interest.
Author Khalid Hadadi declares that he has no conflict of interest. Author Hassan
Sifat declares that he has no conflict of interest. Author Hamid Mansouri declares
that he has no conflict of interest.

J Nucl Med Radiat Ther, an open access journal
ISSN: 2155-9619

Volume 8 + Issue 5 » 1000343



Citation: Lalya |, Maghous A, Marnouche EA, Zaghba N, Andaloussi K, et al. (2017) Radiotherapy of Prostate Cancer Using RapidArc: Dosimetric
Study of Military Teaching Hospital Mohamed V, Morocco. J Nucl Med Radiat Ther 8: 343. doi: 10.4172/2155-9619.1000343

Page 5 of 5

Ethical Approval

This article does not contain any studies with human participants or animals

performed by any of the authors.

Informed Consent

For this type of study, formal consent is not required.

References

1.

Humphrey PA (2014) Cancers of the male reproductive organs. World Cancer
Report, Stewart BW, Wild CP (Eds), World Health Organization, Lyon.

Viani GA, Stefano EJ, Afonso SL (2009) Higher-than-conventional radiation
doses in localized prostate cancer treatment: A meta-analysis of randomized,
controlled trials. Int J Radiat Oncol Biol Phys 74: 1405-1418.

De Meerleer GO, Vakaet LA, De Gersem WR, De Wagter C, De Naeyer B, et
al. (2000) Radiotherapy of prostate cancer with or without intensity modulated
beams: A planning comparison. Int J Radiat Oncol 47: 639-648.

De Meerleer G, Vakaet L, Meersschout S, Villeirs G, Verbaeys A, et al. (2004)
Intensity-modulated radiotherapy as primary treatment for prostate cancer:
Acute toxicity in 114 patients. Int J Radiat Oncol 60: 777-787.

Cozzi L, Dinshaw KA, Shrivastava SK, Mahantshetty U, Engineer R, et al.
(2008) A treatment planning study comparing volumetric arc modulation with
RapidArc and fixed field IMRT for cervix uteri radiotherapy. Radiother Oncol
89: 180-191.

Wolff D, Stieler F, Welzel G, Lorenz F, Abo-Madyan Y, et al. (2009) Volumetric
modulated arc therapy (VMAT) vs. serial tomotherapy, step-and-shoot IMRT
and 3D-conformal RT for treatment of prostate cancer. Radiother Oncol 93:
226-233.

Otto K (2008) Volumetric modulated arc therapy: IMRT in a single gantry arc.
Med Phys 35: 310-317.

Yu CX, Li XA, Ma L, Chen D, Naqvi S, et al. (2002) Clinical implementation
of intensity-modulated arc therapy. Int J Radiat Oncol Biol Phys 53: 453-463.

Shepard DM, Cao D, Afghan MK (2007) An arc-sequencing algorithm for
intensity modulated arc therapy. Med Phys 34: 464-470.

. Palma D, Vollans E, James K, Nakano S, Moiseenko V, et al. (2008) Volumetric

modulated arc therapy for delivery of prostate radiotherapy: Comparison
with intensity-modulated radiotherapy and three-dimensional conformal
radiotherapy. Int J Radiat Oncol 72: 996-1001.

11. Kjaer-Kristoffersen F, Ohlhues L, Medin J, Korreman S (2009) RapidArc

volumetric modulated therapy planning for prostate cancer patients. Acta Oncol
48: 227-232.

.Yoo S, Wu QJ, Lee WR, Yin FF (2010) Radiotherapy treatment plans with
rapidarc for prostate cancer involving seminal vesicles and lymph nodes. Int J
Radiat Oncol 76: 935-942.

2

2

2

2

2

2

0.

=

2.

3.

4.

(&}

. Zhang P, Happersett L, Hunt M, Jackson A, Zelefsky M, et al. (2010) Volumetric

modulated arc therapy: planning and evaluation for prostate cancer cases. Int
J Radiat Oncol 76: 1456-1462.

.Ishii K, Ogino R, Okada W, Nakahara R, Kawamorita R, et al. (2013)

A dosimetric comparison of RapidArc and IMRT with hypofractionated
simultaneous integrated boost to the prostate for treatment of prostate cancer.
Br J Radiol 86: 20130199.

.Mellon EA, Javedan K, Strom TJ, Moros EG, Biagioli MC, et al. (2015) A

dosimetric comparison of volumetric modulated arc therapy with step-and-
shoot intensity modulated radiationtherapy for prostate cancer. Pract Radiat
Oncol 5: 11-15.

.Kopp RW, Duff M, Catalfamo F, Shah D, Rajecki M, et al. (2011) VMAT

vs. 7-field-IMRT: Assessing the dosimetric parameters of prostate cancer
treatment with a 292-patient sample. Med Dosim 36: 365-372.

. Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, et al. (2010) Use

of normal tissue complication probability models in the clinic. Int J Radiat Oncol
Biol Phys 76: S10-19.

.Langen KM, Willoughby TR, Meeks SL, Levine L, Kupelian PA, et al. (2008)

Observations on real-time prostate gland motion using electromagnetic
tracking. Int J Radiat Oncol Biol Phys 71:1084-1090.

.Li JS, Lin MH, Buyyounouski MK Horwitz EM, Ming C (2013) Reduction of

prostate intrafractional motion from shortening the treatment time. Phys Med
Biol 58: 4921-4932.

Tsai CL, Wu JK, Chao HL, Tsai YC, Cheng JC (2011) Treatment and dosimetric
advantages between VMAT, IMRT, and helical tomotherapy in prostate cancer.
Med Dosim 36: 264-271.

. Davidson MT, Blake SJ, Batchelar DL, Cheung P, Mah K (2011) Assessing the

role of volumetric modulated arc therapy (VMAT) relative to IMRT and helical
tomotherapy in the management of localized, locally advanced, and post-
operative prostate cancer. Int J Radiat Oncol Biol Phys 80: 1550-1558.

Fontenot JD, King ML, Johnson SA, Wood CG, Price MJ, et al. (2012) Single-
arc volumetric-modulated arc therapy can provide dose distributions equivalent
to fixed-beam intensity-modulated radiation therapy for prostatic irradiation with
seminal vesicle and/or lymph node involvement. Br J Radiol 85: 231-236.

Van Gestel D, Van Vliet-Vroegindeweij C, Van den Heuvel F, Coelmont A,
Holt A, et al. (2013) RapidArc, SmartArc and TomoHD compared with classical
step and shoot and sliding window intensity modulated radiotherapy in an
oropharyngeal cancer treatment plan comparison. Radiat Oncol 8:37.

Rule W, Jiang L, Boike T, Jain S, Anderson J, et al. (2010) A dosimetric
comparison of prostate plans: IMRT, SmartArc, RapidArc and HybridAr. Int J
Radiat Oncol Biol Phys 78: S847.

. Ferjani S, Huang G, Shang Q, Stephans KL, Zhong Y, et al. (2013) Alignment

focus of daily image guidance for concurrent treatment of prostate and pelvic
lymph nodes. Int J Radiat Oncol Biol Phys 87: 383-389.

J Nucl Med Radiat Ther, an open access journal
ISSN: 2155-9619

Volume 8 + Issue 5 » 1000343


https://doi.org/10.1016/j.ijrobp.2008.10.091
https://doi.org/10.1016/j.ijrobp.2008.10.091
https://doi.org/10.1016/j.ijrobp.2008.10.091
http://www.redjournal.org/article/S0360-3016(00)00419-3/fulltext
http://www.redjournal.org/article/S0360-3016(00)00419-3/fulltext
http://www.redjournal.org/article/S0360-3016(00)00419-3/fulltext
http://www.redjournal.org/article/S0360-3016(04)00651-0/fulltext
http://www.redjournal.org/article/S0360-3016(04)00651-0/fulltext
http://www.redjournal.org/article/S0360-3016(04)00651-0/fulltext
http://www.thegreenjournal.com/article/S0167-8140(08)00338-1/fulltext
http://www.thegreenjournal.com/article/S0167-8140(08)00338-1/fulltext
http://www.thegreenjournal.com/article/S0167-8140(08)00338-1/fulltext
http://www.thegreenjournal.com/article/S0167-8140(08)00338-1/fulltext
http://www.thegreenjournal.com/article/S0167-8140(09)00447-2/fulltext
http://www.thegreenjournal.com/article/S0167-8140(09)00447-2/fulltext
http://www.thegreenjournal.com/article/S0167-8140(09)00447-2/fulltext
http://www.thegreenjournal.com/article/S0167-8140(09)00447-2/fulltext
https://doi.org/10.1016/S0360-3016(02)02777-3
https://doi.org/10.1016/S0360-3016(02)02777-3
http://www.redjournal.org/article/S0360-3016(08)00342-8/fulltext
http://www.redjournal.org/article/S0360-3016(08)00342-8/fulltext
http://www.redjournal.org/article/S0360-3016(08)00342-8/fulltext
http://www.redjournal.org/article/S0360-3016(08)00342-8/fulltext
https://doi.org/10.1080/02841860802266748
https://doi.org/10.1080/02841860802266748
https://doi.org/10.1080/02841860802266748
https://doi.org/10.1016/j.ijrobp.2009.07.1677
https://doi.org/10.1016/j.ijrobp.2009.07.1677
https://doi.org/10.1016/j.ijrobp.2009.07.1677
https://doi.org/10.1016/j.ijrobp.2009.03.033
https://doi.org/10.1016/j.ijrobp.2009.03.033
https://doi.org/10.1016/j.ijrobp.2009.03.033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3798329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3798329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3798329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3798329/
https://doi.org/10.1016/j.prro.2014.03.003
https://doi.org/10.1016/j.prro.2014.03.003
https://doi.org/10.1016/j.prro.2014.03.003
https://doi.org/10.1016/j.prro.2014.03.003
http://www.meddos.org/article/S0958-3947(10)00133-0/fulltext
http://www.meddos.org/article/S0958-3947(10)00133-0/fulltext
http://www.meddos.org/article/S0958-3947(10)00133-0/fulltext
http://www.redjournal.org/article/S0360-3016(09)03288-X/fulltext
http://www.redjournal.org/article/S0360-3016(09)03288-X/fulltext
http://www.redjournal.org/article/S0360-3016(09)03288-X/fulltext
https://doi.org/10.1016/j.ijrobp.2007.11.054
https://doi.org/10.1016/j.ijrobp.2007.11.054
https://doi.org/10.1016/j.ijrobp.2007.11.054
https://doi.org/10.1088/0031-9155/58/14/4921
https://doi.org/10.1088/0031-9155/58/14/4921
https://doi.org/10.1088/0031-9155/58/14/4921
http://www.meddos.org/article/S0958-3947(10)00067-1/fulltext
http://www.meddos.org/article/S0958-3947(10)00067-1/fulltext
http://www.meddos.org/article/S0958-3947(10)00067-1/fulltext
https://doi.org/10.1016/j.ijrobp.2010.10.024
https://doi.org/10.1016/j.ijrobp.2010.10.024
https://doi.org/10.1016/j.ijrobp.2010.10.024
https://doi.org/10.1016/j.ijrobp.2010.10.024
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474001/
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-8-37
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-8-37
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-8-37
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-8-37
https://doi.org/10.1016/j.ijrobp.2010.07.1960
https://doi.org/10.1016/j.ijrobp.2010.07.1960
https://doi.org/10.1016/j.ijrobp.2010.07.1960
https://doi.org/10.1016/j.ijrobp.2013.06.003
https://doi.org/10.1016/j.ijrobp.2013.06.003
https://doi.org/10.1016/j.ijrobp.2013.06.003

	Title
	Corresponding Author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Material and Method
	Study population
	Treatment planning
	Evaluation planning
	Statistical analysis

	Result
	Patient characteristics
	Target coverage, homogeneity and conformity index
	Organs at risk DVH Analysis
	Acute toxicity and treatment efficiency

	Discussion
	Conclusion
	Funding
	Conflict of Interest 
	Ethical Approval
	Informed Consent
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	References

