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Purpose: This study aimed to determine the dosimetric effect on the target volume, organs at

risk (OARs) and normal tissues based on the different choice for four types of mechanical

variables, i.e., treatment position, dose calculation algorithm, mulitleaf collimator (MLC)

motion mode and X-ray energy; and to investigate the optimum treatment mode applied to

post-operative cervical cancer for 5-field intensity-modulated radiation therapy (5F-IMRT)

technique. Methods: The dosimetric difference on the target volume and OARs under the

influence of four types of variables were initially compared by changing one variable at a time.

Then, based on the above compared results, we compared the dosimetric difference on planning

target volume (PTV) and OARs between group A composed of the superior four variables and

group B composed of the relatively inferior four variables. The dosimetric parameters included

dose distribution of the target volume, OARs and normal tissues, conformal index (CI), ho-

mogeneity index (HI), monitor units (MU) and beam-on time (T Þ. The independent and paired

t-tests were used for statistical analysis, and the threshold for statistical significance was

P � 0:05. Results: Compared with the supine position, the maximum dose of PTV

(Dmax-PTV), the maximum dose of small intestine (Dmax-small intestine) and V50 of bladder
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(V50-bladderÞ were all lower in prone position. In contrast with the pencil beam convolution

(PBC), CI of PTV (CI-PTV) was larger while HI of PTV (HI-PTV) was lower, both V50-bladder and

the maximum dose of rectum (Dmax-rectum) were lower using anisotropic analytical algorithm

(AAA). Moreover, the same results were obtained using sliding window (SW) compared with

multiple static segments (MSS). The mean dose of PTV (Dmean-PTVÞ and CI-PTV was larger

while the maximum dose of the spinal cord (Dmax-spinal cord), V50-bladder and the maximum dose

of femoral heads were lower with 15 MV X-rays compared with 6 MV X-rays. In comparison

with group B comprising the supine position, PBC, MSS and 6 MV X-rays, Dmean-PTV
and HI-PTV decreased 1.4% and 53.4% respectively, CI-PTV increased 5.8% medially, while

Dmax-small intestine, Dmax-rectum, V50-bladder and Dmax-femoral heads all decreased in group A com-

prising of prone position, AAA, SW and 15 MV X-rays. Conclusion: The treatment mode

composed of prone position, AAA algorithm, SW and 15 MV X-rays is chosen for the post-

operative cervical cancer of 5F-IMRT technique, which is more capable of meeting the target

volume constraints and maximal protection of OARs.

Keywords: Post-operative cervical cancer; 5F-IMRT; treatment position; dose calculation

algorithm; X-ray energy.

1. Introduction

Cervical cancer is one of the most common gynecologic malignant tumors, early

cases of which are often treated surgically. However, radiotherapy is necessary for

post-operative residual carcinoma, intra-operative pelvic lymph node metastasis,

incomplete surgery and post-operative recurrence after surgery. The target volume

is relatively large for post-operative cervical cancer radiotherapy. As the dose

requirements of the target cannot be met with less fields and low dose region will be

larger with more fields, 5-field intensity-modulated radiation therapy (5F-IMRT) is

chosen in this paper.

As to designing treatment plans in Varian Eclipse TPS, both prone and supine

positions can meet the clinical requirements, but the influence of radiotherapy plans

caused by these two positions is different. The anisotropic analytical algorithm

(AAA) and pencil beam convolution (PBC) are generally used for accurate dose

calculation. Nonetheless, the effects on the precision of different algorithms with

AAA differ from that with PBC. In terms of the MLC motion mode, the Varian

accelerator provides sliding window (SW) and multiple static segments (MSS),

which can result in different effects on TPS optimization and dose calculation.

Moreover, both 15MV and 6MV have been widely applied in post-operative

radiotherapy of cervical cancer, but the impact on the calculation results is

different.

A series of studies have reported the dosimetric parameters of the target and

OARs can remarkably affect the treatment plans. Nevertheless, these studies only

focus on one type of variables and have not investigated the effects of multiple types

of parameters on the target and OARs. The purpose of this paper is particularly to

present the more superior radiotherapy mode and provide a clinical reference for

post-operative cervical cancer patients with 5F-IMRT technique.

J. Li et al.

1650095-2

J.
 M

ec
h.

 M
ed

. B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 W

E
IZ

M
A

N
N

 I
N

ST
IT

U
T

E
 O

F 
SC

IE
N

C
E

 o
n 

07
/0

6/
16

. F
or

 p
er

so
na

l u
se

 o
nl

y.



2. Materials and Methods

2.1. Case selection

In this study, 20 patients with post-operative cervical cancer treated in a hospital in

2014 (8 males and 12 females; age range, 36–62 years old; median age, 55 years old)

were randomly selected for 5-F IMRT. International Federation of Gynecology and

Obstetrics (FIGO) covered stage IB�IIA, and the IB, IC, ID, IIA with five cases,

respectively. The post-operative pathology showed middle-and-low differentiated

squamous cell carcinoma. The patients should be subject to post-operative pelvic

cavity radiotherapy if high risk factors occurred in the post-operative pathology.

2.2. Instruments and equipment

The equipment consisted of the following: Toshiba KXO-50N simulation positioning

machine; thermoplastic mask, prone position fixed frame, supine position fixed

frame (Klarity Medical & Equipment Co., LTD); large-aperture 16 rows spiral CT

of GE Medical Systems; Eclipse treatment planning system (TPS, Version 8.6,

Varian Medical Systems); Clinac IX medical linear accelerator. Moreover, MLC

consisted of 60 pairs of leaves collimator, 40 pairs of leaves were in collimator center,

and projected width 0.5 cm at the isocenter, 20 pairs of leaves were in both ends, and

projected width 1.0 cm at the isocenter. The maximum speed of leaf was 2.5 cm/s,

and the gantry had a rotation angular velocity of 4.8�/s.

2.3. CT scans

Among the 20 patients, 10 were immobilized in the supine position with both arms

raised above their heads, while another 10 were immobilized in the prone position

with both arms laced behind their heads. The 20 patients were fixed using a carbon

fiber position fixing device and the thermoplastic masks. Then the signs were

marked on both the body surface of patient and the thermoplastic mask. CT scans

with a slice thickness of 5 mm were obtained using large-aperture 16 rows spiral CT

of GE medical systems. Moreover, the scanning range included the whole pelvic

cavity plus 5 cm margins isotropically. The CT images were transmitted into the

Varian Eclipse TPS workstation then.

2.4. Target volume, OARs delineation and dose constraints

The target volume and OARs delineation were contoured by one experienced ra-

diation oncologist. The target volume included clinical target volume (CTV) and

planning target volume (PTV), PTV included CTV plus 0.7 cm margins around and

1 cm margins up and down (Fig. 1).

The OARs outlined included the spinal cord, bladder, small intestine, rectum

and femoral heads. The prescription dose given was 5000 cGy, which was irradiated

for 25 times, herein, for fractionated dose of 200 cGy, 99% of PTV is supposed to

Optimum Treatment Mode Applied to Post-Operative Cervical Cancer
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receive at least 95% of prescription dose (4750 cGy),1 the maximum dose of PTV

does not exceed 5400 cGy. The OARs dose should be as low as reasonably possible,

but it should at least comply with the following constraints: bladder � 5000 cGy in

� 50% volume; the maximum dose of spinal cord (Dmax-spinal cordÞ � 4500 cGy; the

maximum dose of small intestine (Dmax-small intestineÞ � 5000 cGy; the maximum dose

of rectum (Dmax-rectumÞ � 5000 cGy; and the maximum dose of femoral heads

(Dmax-femoral headsÞ � 5000 cGy.

2.5. Treatment plan evaluation

The treatment plan was evaluated based on dose distribution and dose volume

histogram (DVH) generated with resolution ratio of 1 cGy and 1 cm3. PTV of each

patient is normalized where 99% of PTV receives 95% of prescription dose during

comparison. The dosimetric parameters include the mean dose of PTV (Dmean-PTV),

the maximum dose of PTV (Dmax-PTV), the minimum dose of PTV (Dmin-PTV),

conformal index of PTV (CI-PTV) and Dmax-small intestine, Dmax-spinal cord, Dmax-rectum,

Dmax-femoral heads, V50 of bladder (V50-bladder), monitor units (MU) and beam-on time

(T ). Furthermore, Dmean-PTV should be as low as reasonably possible, but it should

Fig. 1. Transversal, sagittal and coronal views for PTV.
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not be lower than the prescription dose (5000 cGy). CI2,3 is expressed by

CI ¼ Vt;ref

Vt

� Vt;ref

Vref

; ð1Þ

where Vt stands for the target volume, Vt;ref stands for the target volume surrounded

by reference isodose surface, Vref is the volume of all areas surrounded by reference

isodose surface. Here, CI ranges from 0 to 1, and higher CI values indicate better

conformity. HI4 is given by

HI ¼ D2 �D98

Dprescription

� 100%; ð2Þ

whereD2 andD98 (dose received by the 2% and 98% of the volume, respectively) are

metrics for minimum and maximum doses. Dprescription is the prescription dose, and

lower HI values indicate superior dose homogeneity of the target volume.

2.6. Statistical Approach

A statistical analysis was implemented using the IBM SPSS Statistic 19.0 software

package. Independent-samples t-test and paired-samples t-test were performed to

design comparison between and within groups, respectively. The threshold for

statistical significance was � ¼ 0:05, P � 0:05.

3. Results

The prone and supine positions are suitable for the patients with post-operative

cervical cancer in 5F-IMRT. Additionally, when designing 5F-IMRT plan under the

Varian Eclipse treatment planning system (TPS, Version 8.6), under the premise of

same optimal condition, AAA or PBC algorithm was optional to dose calculation,

MSS or SW to MLC motion mode, 6 MV or 15 MV X-rays. Different set of variables

probably had a relatively different influence on radiotherapy. For 5F-IMRT, a

concrete study of more superior treatment plan for the post-operative cervical

cancer patients is carried out by comparing these variables.

3.1. Dosimetry difference statistics changing one variable at a time

3.1.1. Effect of treatment position

The 10 patients were in the way of isocenter beam set-up of coplanar five fields, and

gantry angles were set to 40o, 95o, 180o, 265o and 320o, separately, which were in

accordance with the cervical structure. Another 10 patients were also in the way of

isocenter beam field of coplanar five fields, and gantry angles were set to 0o, 85o, 140o,

220o and 275o (Fig. 2). For each patient, the position of secondary collimator was

required to be adjusted as it is necessary to fasten the collimator jaws during optimi-

zation in the TPS.

In order to eliminate the influence of other factors, a concrete analysis of the

effects of different treatment positions on 5-F IMRT was implemented for the 20

Optimum Treatment Mode Applied to Post-Operative Cervical Cancer
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patients. For 5-F IMRT, plans were designed selecting the angles of collimator and

treatment couch set to 0�, the dose rate (DR) of 300 MU/min, 6 MV X-rays, SW

motion mode was, PBC algorithm, and the dose calculation grid was set to 2.5 mm.

The treatment plans were repeatedly designed and optimized until each plan met

the dosimetric parameters. Independent-sample t-test was conducted using the IBM

SPSS Statistic 19.0. Furthermore, PTV was normalized where 99% of PTV volume

received 95% of prescription dose (4750 cGy).

Table 1 demonstrates thatDmean-PTV,Dmax-small intestine and V50-bladder are all lower

in the prone position compared with the supine position. Results are considered

statistically significant (P � 0:05).

3.1.2. Effect of different dose calculation algorithm

The treatment plans were designed with the prone position, and the PBC algorithm

was used for optimization calculation based on other conditions kept constant.

Table 1. Dosimetric parameters comparison of in the prone and supine positions.

Parameter Prone position Supine position t P

PTV Dmean-PTV (cGy) 5088:91� 25:25 5119:40� 39:11 �4.56 0.001

Dmax-PTV ðD2, cGy) 5253:80� 29:86 5306:60� 67:94 �2.42 0.039

Dmin-PTV ðD98, cGy) 4797:73� 24:75 4816:25� 7:22 0.79 0.45

CI-PTV 0:73� 0:025 0:73� 0:024 1.50 0.017

HI-PTV 0:091� 0:003 0:098� 0:012 �8.06 0.00

OARs Dmax-small intestine (cGy) 4708:24� 141:48 4893:04� 87:46 �1.52 0.16

Dmax-spinal cord (cGy) 3531:56� 245:44 3717:52� 228:65 0.16 0.88

V50-bladder (%) 29:39� 13:43 50:10� 5:60 �2.97 0.016

Dmax-rectum (cGy) 4908:33� 66:33 4910:22� 26:43 �5.43 0.00

Dmax-femoral heads (cGy) 4852:95� 70:02 4877:85� 56:23 3.32 0.22

Monitor units MU 1467:20� 85:59 1465:40� 42:32 �0.54 0.61

Beam-on time T (min) 4:8907� 0:28 4:89� 0:14 �0.54 0.61

Fig. 2. Beam field set for supine and prone positions of a patient being scanned.

J. Li et al.
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Similarly, PTV was normalized where 99% of PTV received 95% of prescription

dose (4750 cGy). Comparison of dosimetric parameters with respect to AAA and

PBC algorithms (Table 2), which demonstrates that CI-PTV of the target is higher,

V50-bladder, Dmax-rectum and HI-PTV are lower with the AAA than PBC algorithm.

Results are considered statistically significant (P � 0:05).

3.1.3. Effect of MLC motion mode

Both SW and MSS are suitable for the MLC motion mode, for whichever mode is

chosen, and the dose accuracy is dependent on the right set for the dosimetric

parameters of dynamic multileaf collimator (DMLC).

Based on the treatment plans in the prone position and with the AAA, SW

motion mode was selected for dose calculation then. Similarly, PTV is normalized

through 99% of PTV receiving 95% of the prescription dose. Table 3 shows the

dosimetric parameters comparison between SW and MSS, and reveals that com-

pared with MSS, the use of SW results in a significant increase in CI-PTV of the

target, but decrease in HI-PTV.

3.1.4. Effect of X-ray energy

Based on the radiotherapy plan above for these 10 patients in the prone position

using AAA algorithm and SW motion mode, 15 MV is chosen for TPS optimizing

and calculation again. PTV is normalized where 99% of PTV volume received 95%

of prescription dose (4750 cGy). Table 4 depicts a detailed comparison for the do-

simetric parameters with 6 MV X-rays.

Both Dmean-PTV and CI-PTV were increased, and a decrease of HI-PTV was

observed with 6 MV X-rays when compared with 15 MV X-rays (Table 4). In terms

of OARs, Dmax-spinal cord, V50-bladder and Dmax-femoral heads were lower. Furthermore,

both MU and T were lower than the threshold for statistical significance (P � 0:05),

but no statistical differences were found in both V50-bladder and Dmax-rectum.

Table 2. Dosimetric parameters comparison between AAA and PBC algorithm.

Parameter AAA PBC X�S t P

PTV Dmean-PTV (cGy) 5049:54� 23:20 5088:91� 25:24 �39:37� 27:30 �4:56 0.001

Dmax-PTV ðD2, cGy) 5230:99� 28:73 5253:80� 29:86 �22:81� 29:84 �2:42 0.039

Dmin-PTV ðD98, cGy) 4803:78� 7:82 4797:73� 24:75 6:04� 24:29 0.79 0.45

CI-PTV 0:74� 0:016 0:73� 0:023 0:0087� 0:020 1.50 0.017

HI-PTV 0:085� 0:0050 0:091� 0:003 �0:0058� 0:020 �8:06 0.00

OARs Dmax-small intestine (cGy) 4509:34� 415:31 4708:24� 141:48 �198:90� 414:40 �1:52 0.16

Dmax-spinal cord (cGy) 3537:61� 238:4 3531:56� 245:44 6:05� 119:53 0.16 0.88

V50-bladder (%) 24:97� 12:86 29:39� 13:43 �4:42� 4:71 �2:97 0.016

Dmax-rectum (cGy) 4838:93� 54:85 4908:44� 66:33 �69:40� 40:44 �5:43 0.00

Dmax-femoral heads (cGy) 4895:06� 74:62 4852:95� 70:02 42:11� 40:17 3.32 0.22

Monitor

units

MU 1451:70� 81:62 1467:20� 85:60 �15:50� 90:92 �0:54 0.61

Beam-on

time

T (min) 4:84� 0:27 4:89� 0:29 �0:052� 0:31 �0:54 0.61

Optimum Treatment Mode Applied to Post-Operative Cervical Cancer
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3.2. Dosimetric difference statistics of multiple series-wound

mechanical variables

In order to compare the dosimetric differences of treatment mode using different

combined mechanical variables, 20 patients were equally divided into group A and

group B on the basis of other conditions unchanged, and the radiotherapy plan was

designed for each patient in group A and group B. Here, group A comprised prone

position, AAA, SW of MLC motion mode and 15MV while group B comprised

supine position, PBC algorithm, MSS of MLC motion mode and 6 MV. Table 3 (i.e.,

transversal, sagittal and coronal views) lists the dose distribution of 95% of pre-

scription dose (4750 cGy).

Table 4. Dosimetric parameters comparison between 6 MV and 15 MV.

Parameter 6MV X-rays 15MV X-rays X�S t P

PTV Dmean-PTV (cGy) 5049:54� 23:20 5031:17� 17:03 18:37� 8:77 6.62 0.00

Dmax-PTV ðD2, cGy) 5231:00� 28:73 5189:90� 21:76 41:09� 9:79 13.27 0.00

Dmin-PTV ðD98, cGy) 4803:78� 7:82 4796:95� 4:52 6:82� 5:82 3.71 0.005

CI-PTV 0:74� 0:016 0:76� 0:012 �0:018� 0:0047 �11.92 0.00

HI-PTV 0:085� 0:0047 0:079� 0:0038 0:0068� 0:0020 13.02 0.00

OARs Dmax-small intestine (cGy) 4509:34� 415:31 4567:18� 95:59 �157:80� 404:75 −1.23 0.25

Dmax-spinal cord (cGy) 3537:61� 238:40 3481:25� 244:08 56:36� 31:73 5.62 0.00

V50-bladder (%) 24:97� 12:85 21:32� 11:90 3:65� 2:40 4.82 0.001

Dmax-rectum (cGy) 4838:93� 54:85 4827:60� 26:04 11:33� 39:33 0.91 0.39

Dmax-femoral heads (cGy) 4895:06� 74:63 4825:43� 78:22 69:63� 41:97 5.25 0.001

Monitor

units

MU 1451:70� 81:63 1358:40� 57:69 93:30� 56:66 5.21 0.001

Beam-on

time

T (min) 4:839� 0:272 4:528� 0:192 0:311� 0:189 5.21 0.001

Table 3. Dosimetric parameters comparison between SW and MSS.

Parameter SW MSS X�S t P

PTV Dmean-PTV (cGy) 5049:54� 28:73 5066:82� 45:55 �42:11� 29:75 �3:55 0.006

Dmax-PTV ðD2, cGy) 5230:99� 7:82 5273:11� 9:53 �3:40� 6:64 �4:48 0.002

Dmin-PTV ðD98, cGy) 4803:78� 7:82 4807:18� 9:53 �3:40� 6:65 �1:62 0.14

CI-PTV 0:74� 0:016 0:73� 0:017 0:0066� 0:0043 4.83 0.001

HI-PTV 0:085� 0:0047 0:093� 0:0071 �0:0077� 0:0055 �4:42 0.002

OARs Dmax-small intestine (cGy) 4509:34� 415:31 4744:07� 129:21 �234:73� 415:46 �1:79 0.11

Dmax-spinal cord (cGy) 3537:61� 238:40 3497:45� 238:06 40:16� 136:24 0.93 0.38

V50-bladder (%) 24:97� 12:85 27:182� 12:69 �2:21� 6:89 �1:013 0.033

Dmax-rectum (cGy) 4838:93� 54:85 4895:54� 66:62 �56:61� 33:43 �5:35 0.00

Dmax-femoral heads (cGy) 4895:06� 74:62 4893:73� 98:01 1:33� 51:54 0.082 0.94

Monitor

units

MU 1451:70� 81:62 1339:1� 83:21 112:60� 70:82 5.028 0.00

Beam-on

time

T (min) 4:839� 0:27 4:226� 0:28 0:375� 0:24 5.028 0.001

J. Li et al.
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The dose distribution of patient 1 is obviously superior to that of patient 2

(Fig. 3). In order to meet the dose constraints of PTV, the dose distribution of each

patient needed to be normalized with 99% of PTV volume receiving 95% of pre-

scription dose (4750 cGy). Furthermore, each mechanical parameter is computed

using independent-samples t-test (Table 5).

Fig. 3. Dose distribution comparison of patients 1 and 2.

Table 5. Dosimetric parameters comparison of two groups.

Parameter Group A� Group B� t P

PTV Dmean-PTV (cGy) 5031:17� 17:03 5101:90� 42:82 �4:85 0.00

Dmax-PTV ðD2, cGy) 5189:90� 21:76 5295:41� 63:24 �4:99 0.00

Dmin-PTV ðD98, cGy) 4796:95� 4:52 4692:33� 38:45 1.07 0.31

CI-PTV 0:76� 0:012 0:7145� 0:034 3.84 0.003

HI-PTV 0:079� 0:0038 0:12� 0:067 �1:99 0.042

OARs Dmax-small intestine (cGy) 4667:18� 95:59 4873:55� 415:31 �5:15 0.00

Dmax-spinal cord (cGy) 3481:25� 244:08 3611:11� 238:40 �1:11 0.28

V50-bladder (%) 21:32� 11:90 44:59� 12:85 �5:34 0.001

Dmax-rectum (cGy) 4827:60� 26:04 4935:68� 57:81 �5:39 0.00

Dmax-femoral heads (cGy) 4825:43� 78:22 4897:28� 60:17 �2:30 0.00

Monitor units MU 1358:40� 57:69 1245:13� 71:05 3.92 0.001

Beam-on time T (min) 4:53� 0:19 4:150� 0:236 3.92 0.001

*Group A ¼ prone position þ AAA algorithm þ SW þ 15MV X-rays

Group B ¼ supine position þ PBC algorithm þ MSS þ 6MV X-rays
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Our results demonstrate that compared with group B, group A results in a

increase in CI-PTV, MU and T , a decrease in Dmax-small intestine, Dmax-rectum, V50-bladder
and Dmax-femoral heads, which are considered statistically significant (P � 0:05).

Dmin-PTV and Dmax-spinal cord has no statistical difference.

Fig. 4. DVH comparison between patients 1 and 2.

Fig. 5. Dose histogram comparison of the normal tissues for patients 1 and 2.
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Figures 4 and 5 depict DVH and dose histogram comparisons between patients 1

and 2, respectively. Herein, the normal tissues are defined as the volume surrounded

by the skin subtracting PTV and organs.

The irradiation dose of both PTV and OARs for patients 1 and 2 meets the

clinical dosimetric requirements (Fig. 4). Nevertheless, the DVH curve and dose

distribution of patients 1 are remarkably superior than those of patient 2; the

maximum dose of small intestine, rectum, femoral heads and the spinal cord are all

relatively lower. However, the irradiation dose of normal tissues for patient 2 is

lower than that for patient 1 (Fig. 5).

4. Discussion

4.1. Treatment position selection

Table 1 illustrates the small intestine and bladder which can be preferably pro-

tected in the prone position instead of supine position. Whereas, the source skin

distance (SSD) changes constantly with the breathing exercises and the bladder

filling differences of a patient in the supine position during radiotherapy.

According to the principle of high energy X-ray intensity inversely proportional

to squared distance, the percentage depth dose (PDD) is in inverse proportion

to SSD, which brings bigger dose errors and affects the radiotherapy. Neverthe-

less, for patients in the prone position, the vertical marker is on his/her back,

and the abdominal pelvic naturally sags to the square hole of abdominal fixed

mount; thus reducing the positioning errors and adverse reactions, enhancing

the control rate of local tumors and survival rate, and ensuring the treatment

effect.5 Ymala et al.6 compared the effects of pelvic cavity radiotherapy on the

irradiation dose delivered to the normal tissues of rectal cancer patients in the

supine and prone positions; and found the irradiated volume in the prone position

is larger than that in the supine position when the irradiation dose delivered to

the small intestine is 5–10 Gy. It is Noteworthy that the dose for statistical

significance is 5–15 Gy, but no significant differences are found ranging from

20 Gy to 45 Gy.

Bhatnagar et al.7 demonstrated that the pelvic cavity radiotherapy in the prone

position is in favor of protecting the buttocks especially the skin of gluteal fold, and

enhancing the tolerance dose of the target and OARs. Kim et al.8 found the irra-

diated volume of the small intestine has statistical significance after CT scans for 20

cases applying four types of positions (P < 0:05), as well, it is the optimum method

in which patients are treated in the prone position with a full bladder. Moreover,

Rozilawati et al.9 reported that bladder filling can enhance the accuracy of radio-

therapy, decrease the uterus displacement and positioning errors for cervical cancer

patients. In this study, the results present that the irradiation dose to the spinal

cord, bladder, small intestine, rectum, and femoral heads in the prone position is

relatively less than those in the supine position. Hence, prone position has certain

Optimum Treatment Mode Applied to Post-Operative Cervical Cancer
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advantages from the point of position selection for post-operative cervical cancer

radiotherapy.

4.2. Dose calculation algorithm selection

TPS is a rather critical step in tumor radiotherapy, therefore the question whether the

dose calculation algorithm implemented in the TPS is accurate or not must be pri-

marily considered.10 Various difficulties may be occurred when different kinds of

algorithms perform electron transfer on the interface of different density ofmedia, also,

different limitations can be brought using different algorithms.11,12 A series of arti-

cles13–15 showed that PBC algorithm could better satisfy the accuracy of dose calcu-

lation inmost cases,16 but not accurately reflect the secondary build-up effect when ray

passes through two different densities of tissues. Since AAA algorithm considers the

effects of original ray, electron beam contamination, collimator scattering and the dose

calculation in inhomogeneous medium can be more accurately corrected, AAA algo-

rithm is theoretically more precise.17 Numerous studies have shown that PBC algo-

rithm tends to overestimate the absorbed dose of low density of tissues in the target

volume. There have been many reports on dosimetric comparison between AAA and

PBC algorithms for lung cancer patients,18 which emphasize the irradiation dose

distinction of lungs. Bragg et al.18 and Aarup et al.19 indicated that the results can be

closer to the actually measured values using the AAA compared with PBC algorithm,

which still underestimate the irradiation dose delivered to the lungs. Rønde et al.20

verified that the AAA algorithm is superior to PBC algorithm in uneven tissues. Not

only can preferable conformity and homogeneity of the target volume be obtained

using the AAA algorithm in contract with the PBC algorithm, but the irradiation dose

to the bladder and rectum can be better controlled (Table 2). Therefore, AAA algo-

rithm is superior for post-operative cervical cancer patients in IMRT technique.

4.3. MLC motion mode selection

The SW of MLC motion mode (Varian accelerator) refers to each pair of leaf moving

along the same direction at a specific speed, which is characterized by simultaneous

beam in the process of MLC movement and obtaining different ray intensity curves

then. Whereas the main factors influencing MSS motion mode are the optimizing

algorithm of subfield21 and spatial resolution of two-dimensional intensity distri-

bution. Potter et al.22 found that these two factors directly lead the number of

subfields optimization to change and then affect the efficiency of the whole treat-

ment. Theoretical studies show that more subfields and smaller MLC gap can bring

more exquisite intensity adjustment, obtain more three-dimensional (3D) homo-

geneous dose and irradiate OARs with less dose.23,24 In terms of the target and

OARs protection, preferable conformity and homogeneity can be obtained in SW

motion mode compared with MSS at the cost of MU and T (Table 3). Moreover, the

target dose distribution is more in accordance with the clinical requirements, as well

as the bladder and rectum can be preferably protected with SW.

J. Li et al.
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4.4. X-ray energy selection

As with 15 MV, preferable conformity and homogeneity of PTV can be obtained,

also, the spinal cord, bladder and femoral heads can be better protected compared

with 6 MV. As the pelvic cavity has the features of thick relative tissues and little

cavity tissues, and 15 MV is characterized by strong penetrability and high utili-

zation, the number of MU, the irradiation dose to the normal tissues and OARs are

relatively less. However, Madani et al.25 reported 6 MV is more suitable for lung

cancer patients, when compared with 18 MV. Moreover, a similar research on 13

cases was performed by Elisabeth et al.,26 but pros and cons were not found between

6 MV and 15 MV. Essentially, because of the PDD difference of 6 MV and 15 MV,

15 MV is characterized by deeper building up area and more suitable for tumor cases

in deep position.27

4.5. Optimum radiotherapy mode selection

In this study, both CI-PTV and HI-PTV in the radiotherapy plan with 15 MV were

superior to that with 6 MV, which manifests that high-energy X-rays has advan-

tages over low-energy X-rays in the deeper position of pelvic cavity from the point of

dose distribution of PTV. It is noteworthy that neutrons can be produced by col-

limator scattering and transmission as well as high-energy X-rays will additionally

increase the irradiation dose, which is particularly neglected and can raise the

potential of secondary malignant tumor in clinical practice.28,29 Kry et al.30 inves-

tigated the possibility of secondary cancer caused in IMRT plan for prostate cancer

and the results showed that the possibility of secondary cancer caused by higher-

energy X-rays is slightly higher than that by low-energy X-ray. Schneide et al.31

reported the same results were obtained by applying proton and high-energy X-rays.

As with MU and T , a mean increase of 8.3% was calculated for group A compared

with group B (Table 5). Likewise, the computed mean decrease of Dmean-PTV and

HI-PTV was 1.4% and 53.4% for group A compared with group B, respectively

(Table 5). The computed mean increase of CI-PTV was 5.8% under conditions of

ensuring PTV and OARs meeting the dose requirements for group A compared with

group B (Table 5). Finally, the computed mean decrease of Dmax-small intestine,

Dmax-rectum, V50-bladder and Dmax-femoral heads was 4.4%, 2.2%, 109.1% and 1.5% for

group A compared with group B, respectively (Table 5). The results in this study

fully illustrate group A is more suitable for post-operative cervical cancer for

5F-IMRT technique than group B.

5. Conclusion

It is demonstrated by the experimental results that for 5F-IMRT, it is superior to

select the treatment mode composed of prone position, AAA algorithm, SW of MLC

motion mode and 15 MV X-rays for post-operative cervical cancer patients; thus

better meeting the requirements of PTV dose distribution at the expense of more

Optimum Treatment Mode Applied to Post-Operative Cervical Cancer
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dose delivered to the normal tissues. Moreover, it remains to be investigated that

these data apply to other commercially available planning systems.

Acknowledgment

This work is supported by the National Natural Science Foundation of China

(Grant No. 11475087), the Fundamental Research Funds for the Central Univer-

sities (Grant No. NS2014060) and a project funded by the Priority Academic Pro-

gram Development of Jiangsu Higher Education Institutions.

References

1. Ezzell GA, Galvin JD, Palta JR et al., Guidance document on delivery, treatment
planning, and clinical implementation of IMRT: Report of the IMRT subcommittee of
the AAPM radiation therapy committee, Med Phys 30(8):2089–2115, 2003.

2. Bragg CM, Conway J, Robinson MH, The role of intensity-modulated radiotherapy in
the treatment of parotid tumors, Int J Radiat Oncol Biol Phys 52(3):729–738, 2002.

3. Riet AV, Mak AC, Moerland MA et al., A conformation number to quantify the degree
of conformality in brachytherapy and external beam irradiation: Application to the
prostate, Int J Radiat Oncol Biol Phys 37(3):731–736, 1997.

4. Liu HH, Wang X, Dong L, Wu Q, Liao Z, Stevens CW, Guerrero TM, Komaki R, Cox
JD, Mohan R, Feasibility of sparing lung and other thoracic structures with intensity-
modulated radiotherapy for non-small-cell lung cancer, Int J Radiat Oncol Biol Phys
58(4):1268–1279, 2004.

5. Mundt AJ, Lujan AE, Rotmensch J et al., Intensity-modulated whole pelvic radio-
therapy in women with gynecologic malignancies, Int J Radiat Oncol Biol Phys
52(5):1330–1337, 2002.

6. Ymala M, Hawkins MA, Henrys AJ et al., The effect of treatment position, prone or
supine, on dose-volume histograms for pelvic radiotherapy in patients with rectal cancer,
British J Radiol 82(976):321–327, 2009.

7. Bhatnagar AK, Brandner E, Sonnik D et al., Intensity-modulated radiation therapy
(IMRT) reduces the dose to the contralateral breast when compared to conventional
tangential fields for primary breast irradiation: Initial report, Cancer J 10(6):381–385,
2004.

8. Kim TH, Kim DY, Cho KH et al., Comparative analysis of the effects of belly board and
bladder distension in postoperative radiotherapy of rectal cancer patients, Strahlenther
Onkol 181(9):601–605, 2005.

9. Rozilawati A, Hoogeman MS, Maria B et al., Increasing treatment accuracy for cervical
cancer patients using correlations between bladder-filling change and cervix-uterus
displacements: Proof of principle, Radiother Oncol 98(3):340–346, 2011.

10. Van-Esch A, Tillikainen LJ, Tenhunen M et al., Testing of the analytical anisotropic
algorithm for photon dose calculation, Med Phys 33(11):4130–4148, 2006.

11. Engelsman M, Damen EM, Koken PW et al., Impact of simple tissue inhomogeneity
correction algorithms on conformal radiotherapy of lung tumours, Radiother Oncol
60(3):299–309, 2001.

12. Shahine BH, Al-Ghazi MSAL, El-Khatib E, Experimental evaluation of interface doses
in the presence of air cavities compared with treatment planning algorithms, Med Phys
26(3):350–355, 1999.

J. Li et al.

1650095-14

J.
 M

ec
h.

 M
ed

. B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 W

E
IZ

M
A

N
N

 I
N

ST
IT

U
T

E
 O

F 
SC

IE
N

C
E

 o
n 

07
/0

6/
16

. F
or

 p
er

so
na

l u
se

 o
nl

y.



13. Paola Francisca C, Carlos Daniel V, Pelayo B, Comparison between measured and
calculated dynamic wedge dose distributions using the anisotropic analytic algorithm
and pencil-beam convolution, J Appl Clin Med Phys 8(1):47–54, 2007.

14. Fogliata A, Nicolini G, Vanetti E et al., The impact of photon dose calculation algo-
rithms on expected dose distributions in lungs under different respiratory phases, Phys
Med Biol 53(9):2375–2390, 2008.

15. Panettieri V, Barsoum P, AAA and PBC calculation accuracy in the surface build-up
region in tangential beam treatments. Phantom and breast case study with the Monte
Carlo code PENELOPE, Radiother Oncol 93(1):94–101, 2009.

16. Knoos T, Ceberg C, Weber L et al., The dosimetric verification of a pencil beam based
treatment planning system, Phys Med Biol 39(10):1609, 1994.

17. Aspradakis MM, Morrison RH, Richmond ND et al., Experimental verification of con-
volution/superposition photon dose calculations for radiotherapy treatment planning,
Phys Med Biol 48(17):2873–2893, 2003.

18. Bragg CM, Wingate K, Conway J, Clinical implications of the anisotropic analytical
algorithm for IMRT treatment planning and verification, Radiotherapy Oncol J Eur Soc
Therap Radiol Oncol 86(2):276–284, 2008.

19. Aarup LR, Nahum AE, Zacharatou C et al., The effect of different lung densities on the
accuracy of various radiotherapy dose calculation methods: Implications for tumour
coverage, Radiotherapy Oncol J Eur Soc Therap Radiol Oncol 91(3):405–414, 2009.

20. Ronde HS, Hoffmann L, Validation of Varian’s AAA algorithm with focus on lung
treatments, Acta Oncol 48:209–215, 2009.

21. Xia P, Verhey LJ, Multileaf collimator leaf sequencing algorithm for intensity modu-
lated beams with multiple static segments, Med Phys 25(8):1424–1434, 1998.

22. Potter LD, Chang ST, Siochi AC, A quality and efficiency analysis of the IMFAST
segmentation algorithm in head and neck \step & shoot" IMRT treatments, Med Phys
29(3):275–283, 2002.

23. Kubo HD, Pappas C, Wilder RB, A comparison of arc-based and static mini-multileaf
collimator-based radiosurgery treatment plans, Radiother Oncol 45(1):89–93, 1997.

24. Kulik C, Caudrelier JM, Vermandel M et al., Conformal radiotherapy optimization with
micromultileaf collimators: Comparison with radiosurgery techniques, Int J Radiat
Oncol Biol Phys 53(4):1038–1050, 2002.

25. Madani I, Vanderstraeten B, Bral S et al., Comparison of 6 MV and 18 MV photons
for IMRT treatment of lung cancer, Radiotherapy Oncol J Eur Soc Therap Radiol Oncol
82(1):63–69, 2007.

26. Elisabeth W, Siebers JV, Keall PJ, An analysis of 6-MV versus 18-MV photon energy
plans for intensity-modulated radiation therapy (IMRT) of lung cancer, Radiother Oncol
82(1):55–62, 2007.

27. Andrea P, Carol MP, Barby P et al., The effect of beam energy and number of fields
on photon-based IMRT for deep-seated targets, Int J Radiat Oncol Biol Phys 53(1):434–
442, 2002.

28. Hall EJ, Intensity-modulated radiation therapy, protons, and the risk of second cancers,
Int J Radiat Oncol Biol Phys 65(1):1–7, 2006.

29. Followill DS, Nusslin F, Orton CG, IMRT should not be administered at photon
energies greater than 10 MV, Med Phys 34(6):1877–1879, 2007.

30. Kry SF, Salehpour M, Followill DS et al., The calculated risk of fatal secondary ma-
lignancies from intensity-modulated radiation therapy, Int J Radiat Oncol Biol Phys
62(4):1195–1203, 2005.

31. Schneider U, Lomax A, Pemler P et al., The impact of IMRT and proton radiotherapy
on secondary cancer incidence, Strahlenther Onkol 182(11):647–652, 2006.

Optimum Treatment Mode Applied to Post-Operative Cervical Cancer

1650095-15

J.
 M

ec
h.

 M
ed

. B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 W

E
IZ

M
A

N
N

 I
N

ST
IT

U
T

E
 O

F 
SC

IE
N

C
E

 o
n 

07
/0

6/
16

. F
or

 p
er

so
na

l u
se

 o
nl

y.


	OPTIMUM TREATMENT MODE APPLIED TO POST-OPERATIVE CERVICAL CANCER FOR 5F-IMRT PLAN BASED ON FOUR VARIABLES IN VARIAN ECLIPSE TPS
	1. Introduction
	2. Materials and Methods
	2.1. Case selection
	2.2. Instruments and equipment
	2.3. CT scans
	2.4. Target volume, OARs delineation and dose constraints
	2.5. Treatment plan evaluation
	2.6. Statistical Approach

	3. Results
	3.1. Dosimetry difference statistics changing one variable at a time
	3.1.1. Effect of treatment position
	3.1.2. Effect of different dose calculation algorithm
	3.1.3. Effect of MLC motion mode
	3.1.4. Effect of X-ray energy

	3.2. Dosimetric difference statistics of multiple series-wound mechanical variables

	4. Discussion
	4.1. Treatment position selection
	4.2. Dose calculation algorithm selection
	4.3. MLC motion mode selection
	4.4. X-ray energy selection
	4.5. Optimum radiotherapy mode selection

	5. Conclusion
	Acknowledgment
	References


