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Abstract
Background: To evaluate the dosimetric parameters among three different radiotherapy techniques in
patients with postoperative cervical cancer, including the Helical Tomotherapy (HT), the Volume
Modulated Arc-Therapy (VMAT), and the Fixed-Field intensity modulated radiation therapy (FF-IMRT).

Methods: Fifteen cervical cancer patients treated with postoperative radiotherapy were re-planning with
HT, VMAT and FF-IMRT. The prescribed target dose of the patients was 1.8/45Gy. The paired-samples t-
test was used to compare the dosimetric parameters of the planning target and OARs (Organs at risk),
and the e�ciency of radiation delivery.

Results: Compared with the VMAT and FF-IMRT, the HT plans showed signi�cant improvement in the
conformity index (CI) and the homogeneity index (HI). In addition, the HT plans also signi�cantly reduced
the volume of high-dose region of the OARS, especially in the V30, V40 of small bowel, rectum and
bladder. Meantime, the advantage of VMAT is that it reduced the treatment time and improved the
e�ciency of radiation delivery obviously, compared with the HT (293.8 ± 12.8s Vs. 557.6 ± 51.9s, P <
0.001) and FF-IMRT (293.8 ± 12.8s Vs. 581.8 ± 26.1s, P < 0.001).

Conclusion: Our result reveals that HT showed better CI and HI for the target and reduced high dose
volumes to OARs compared with VMAT and FF-IMRT, but the lower dose volumes to OARs increased
slightly. As for the bene�t of VMAT, it demonstrated the shortest treatment time. Our results could provide
guidance for selecting the appropriate radiation technologies for cervical cancer patients who undergoing
postoperative adjuvant pelvic radiotherapy.

Background
Cervical cancer ranks fourth for both diagnosed with cancer and the major cause of cancer-related death
among females worldwide[1]. For early-stage cervical cancer cases, radical hysterectomy + pelvic lymph
node dissection ± para-aortic lymph node dissection is the standard treatment method. Following primary
hysterectomy, the presence of one or more pathologic risk factors may warrant the use of adjuvant
postoperative radiotherapy. However, compared with chemoradiotherapy alone, radical hysterectomy
combined with postoperative pelvic radiotherapy has been demonstrated to increase the acute/late
toxicities including the gastrointestinal (GI) and genitourinary (GU) toxicity[2-4]. According to previous
studies, the high-dose volume of small bowel, rectum, and bladder is associated with the GI and GU
toxicity after radiotherapy[5-7], and limiting the high-dose radiation delivered to the small bowel, rectum
and bladder can reduce the occurrence of acute or late GI and GU toxicities[8, 9]. Therefore, it is critical to
explore the feasible and optimal radiotherapeutic techniques to accomplish more highly conformal
treatment plans and acquire better OARs sparing for postoperative cervical cancer patients.

With the rapid development of computer technology and radiation equipment of late years, more modern
radiation strategies have appeared. Compared with conventional 3D conformal radiotherapy, IMRT is
much superior in sparing OARs and optimizing target volume coverage and conformity in cervical
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cancer[10, 11]. FF-IMRT and VAMT contribute greatly in radiotherapy, followed by HT, a neo-CT based
rotational IMRT, which provides better OARs sparing with 51 independent beam directions, delivers a
highly conformal dose distribution. Nowadays, HT is frequently used for a variety of diseases[12-15].
However, in cervical cancer research, most of the researches have focused on the potential advantages of
HT in radiotherapy of primary cervical cancer [16], there are few published data comparing the planning
parameters of three modern IMRT techniques (HT, VMAT, and FF-IMRT) in postoperative cervical cancer
patients.

Therefore, our objective in the present study was to assess whether HT plans provide any bene�t with
regard to the target and OARs for cervical cancer patients undergoing postoperative pelvic radiotherapy.

Materials And Methods
This study complied with the Helsinki Declaration and approval from the Ethics Committee of our center
was obtained. All patients provided their informed consents for the publication of their images/data.

Patient characteristics and CT simulation

Fifteen patients with cervical cancer undergoing radical hysterectomy and adjuvant pelvic radiotherapy in
our hospital were chosen for this research between August 2019 and November 2019. The selection
criteria were staged B- A, biopsy-proven squamous cell carcinoma. The 15 eligible patients ranged in
age from 45 to 65, the mean and median age was 52.3 and 57 years old, respectively. The thermoplastic
pelvic masks were used to immobilize the patients with supine position. All patients were scanned CT
simulations of 5 mm slice thickness using a Philips 16-slice Brilliance big bore computed tomography
scanner (Philips Medical Systems, Amsterdam, Netherlands), and with comfortably full bladder (after
emptying, patients were requested for drinking 1 liter of water 30 to 45 minutes before treatment and
holding urine) and a bowel preparation with oral contrast agent prior to simulation. The scan images
were performed from the L2 vertebra to the area 5cm below the symphysis pubis.

Target and normal tissue volume de�nition

Contouring was performed on the platform of Monaco 5.11 (Elekta AB, Stockholm, Sweden) planning
system. All outlines were represented by the same radiation oncologist for consistency. Delineation was
according to the recommendations of Radiation Therapy Oncology Group (RTOG) 0418 protocol and the
International Commission on Radiation Units and Measurements reports (ICRU) Report 62. The clinical
target volume (CTV) included the vaginal stump, parametrial soft tissue and pelvic lymph drainage area.
The CTV ranged from the L4-L5 vertebra to the inferior margin of the obturator foramen. The planning
target volume (PTV) was generated by expanding a uniform 7mm margin from the CTV. The organs at
risk (OARs) included small bowel, bladder, rectum, spinal cord and femoral heads.

Treatment planning
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To ensure the consistency, all treatment plans were operated by the same radiation physicist. The FF-
IMRT and VMAT plans were done with Monaco planning system version 5.11, and executed with Elekta
Synergy Linac (Elekta Ltd., Crawley, UK) equipped with 8 MV photon beams and the MLCi2 (40 pairs MLC
leaves and each one is 1 cm width at the isocenter). The prescribed dose of PTV was 1.8/45 Gy. The
volume of PTV receiving >49.5Gy was limited to <1%. The volume of small bowel receiving >30 Gy was
limited to <50%; <50% of the rectum was to receive >30 Gy, <35% of the bladder was to receive >40 Gy,
and <5% of the femoral head was to receive >40 Gy. The maximum doses (Dmax) to the small bowel and
rectum were both con�ned to lower than 48 Gy.

Some patients who had positive surgical margins also received brachytherapy using Ir192 source (high-
dose rate) once a week, applied 18Gy/3fractions, dosed at the vaginal surface.

HT plans

The HT plans were operated using the tomotherapy planning station with 6 MV x-ray and were
implemented on the Tomo HD (Accuray Inc., Madison, USA). Parameters for beamlet calculation were a
�eld width of 2.5 cm, pitch values of 0.287, modulation factor of 3 and normal dose calculation grid.

VMAT plans

All VMAT plans were created using the Monaco 5.11 planning system and one beam with double 360°
arcs were used, and there were 100 control points per arc. All VMAT plans were computed using Monte
Carlo algorithm.

Fixed-�eld IMRT plans

Nine evenly distributed coplanar �elds with the gantry angles of 200°, 240°, 280°, 320°, 0°, 40°, 80°, 120°
and 160° were used, for each setting 20 control points. All FF-IMRT plans were computed using Monte
Carlo algorithm. The optimization functions of the FF-IMRT plans were same to those of the VMAT plans.
The DMLC (sliding window) technique was used in the FF-IMRT plans.

Plan evaluation parameters

The research analyzed the dose volume histograms (DVHs) obtained from the PTV and other contoured
OARs. Dosimetric parameters were quanti�ed from PTV including D98 (the dose received 98% volume of
the PTV), D50, D2, the mean dose (Dmean), conformity index (CI) and homogeneity index (HI). CI was used
to evaluate the conformity of prescribed dose distribution.
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Here, Vt,ref, Vt and Vref denoted the target volume receiving the prescribed dose, the target volume and the
total volume covered by the prescribed dose, respectively. The CI ranges from 0 to 1, with a higher CI
indicating better conformal dose of the target. According to ICRU report NO.83[17], the HI was calculated
as following formula:

HI was used to indicate the uniformity of dose distribution. The smaller value of HI means a better
homogeneity of the target volume.

For the OARs (small bowel, rectum, bladder and femoral heads), data analysis was carried out for the V5

(the OAR volume received the dose of 5 Gy), V10, V20, V30, V40, Dmean and Dmax. Treatment delivery time of
each plan was also collected and compared.

Data analysis

The data collected from DVH of different plans were compared with paired t-test using SPSS 19.0 (SPSS,
Inc., Chicago, IL, USA). All P values were two-sided, and a P value < 0.05 was considered statistically
signi�cant.

Results
The dose distributions of PTV and OARs that were obtained from the 45 treatment plans generated by 15
patients were analyzed. The mean volume of PTV was 982.2  104.8 cc (range 814.1-1134.9 cc). All of the
HT, VMAT and FF-IMRT plans were normalized to cover 95% of the PTV volume with ≥100% of the
prescribed dose. And the maximal dose constrained in the PTV less than 110% of the prescription dose.

Table 1 displays the dosimetric parameters for PTV. With regard to conformity and homogeneity, the HT
plans displayed notably better results. As shown in Table 1 and Figure 1, the CI of HT plans were highest
(HT Vs. VMAT: 0.85 ± 0.02 Vs. 0.82 ± 0.03; HT Vs. FF-IMRT: 0.85 ± 0.02 Vs. 0.78 ± 0.03; Both P<0.01),
meanwhile the HI of HT plans were much lowest (HT Vs. VMAT: 0.05 ± 0.01 Vs. 0.07 ± 0.01; HT Vs. FF-
IMRT: 0.05 ± 0.01 Vs. 0.08 ± 0.01; Both P<0.001). Typical dose distributions for the three techniques
obtained in this research are exhibited in Figure 2.

Table 2 showed the volumes of small bowel, rectum, bladder and femoral heads receiving ≥5, ≥10, ≥20,
≥30 and ≥40Gy, and listed the maximal dose of small bowel, spinal cord and rectum. Figure 3
demonstrated a sample DVH in a patient. In general, compared with VMAT and FF-IMRT, HT signi�cantly
reduced the volume of high dose level (30 and 40 Gy) for small bowel, rectum and bladder. The average
volume receiving ≥ 30Gy reduced by 25.2% and 27.6% (Both P<0.001) for small bowel, 28.8% and 31.5%
(Both P<0.001) for rectum and 6.2% and 7.3% (Both P<0.001) for bladder, respectively. The mean volume
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receiving ≥ 40Gy reduced by 17.2% and 29.1% (Both P<0.001) for small bowel, 23.8% and 26.9% (Both
P<0.001) for rectum, 6.3% and 9.5% (Both P≤0.001) for bladder, respectively. The maximal dose of small
bowel and rectum were also reduced by 3.2%, 3.5% (P<0.001) and 1.6%, 1.3% (P≤0.001) using HT plans,
compared with VMAT and FF-IMRT plans, respectively. As seen in Table 2, compared with VMAT and FF-
IMRT, HT has no advantage in the protection of OARS in low-dose radiation, the V5 and V10 of small
bowel, rectum, bladder and femoral heads were a little higher in HT plans.

With regard to treatment delivery time: the mean time were 557.6 ± 51.9s, 293.8 ± 12.8s and 581.8 ±
26.1s for HT, VMAT and FF-IMRT plans, respectively.

Discussion
In current study, we compared dosimetric parameters of three different modern radiation techniques,
which are HT, VMAT, and FF-IMRT, in postoperative adjuvant pelvic radiotherapy for cervical cancer
patients. The data collected from the DVH showed that the HT plans performed better target homogeneity
index and conformity index compared with FF-IMRT and VMAT plans. With regard to the normal tissue,
HT plans notably reduced the mean dose and maximum dose of small bowel, rectum and bladder, which
may contribute to a markedly decrease of the acute/late gastrointestinal and genitourinary toxicities.

Since pelvic external beam radiotherapy (EBRT) with/without brachytherapy is the standard adjuvant
treatment approach for some postoperative cervical cancer patients according to pathological results of
radical hysterectomy, GI and GU toxicity are the major concern in clinic. Compared with FF-IMRT plans,
HT plans decreased the V30 and V40 of small bowel by 27.6% and 29.1%, respectively, in this study.
Tan[18] reported that the remarkable reduction of the V30 and V40 of small bowel may bring about a
signi�cant risk decrease of acute and late GI toxicity. For rectum, the HT plans decreased by 31.5% and
26.9% in the V30 and V40 in comparison with FF-IMRT plans in the present research. Georg[19] found
that the more cut-down dose in rectum in the radiotherapy treatment of cervical cancer conduces to less
rectal toxicity. In regards to the GU toxicity, Viswanathan[20] reported that a combination of EBRT and
brachytherapy in cervical cancer treatment would make for a high occurrence rate of late GU toxicity,
especially in postoperative cervical cancer patients. Therefore, compared FF-IMRT plans, HT plans
reduced the volume of bladder in 30Gy and 40Gy by 7.3% and 9.5%, will certainly contribute to less late
GU toxicity.

HT plans showed signi�cant advantages over FF-IMRT and VMAT plans in CI and HI of PTV, and also in
the volume of high dose region (V30, V40) of the OARs. The linac of HT can rotate 360° continuously with
51 beam angles at the same time optimizing with the couch moving continuously. HT can also use a
constant beam width of 1, 2.5 or 5cm to deliver radiation in a form of helical tomoscan. HT is equipped
with a pneumatic binary MLC system with rapid leaf transition times. All these advantages above indicate
HT plan may lead to a greater degree of intensity modulation and sharper dose fall-off in comparison
with FF-IMRT or VMAT plans. In addition to this, the on-board megavoltage computed tomography
(MVCT) allows daily setup validation, which can be used to perform adaptive radiotherapy (ART)
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planning which can eliminate the volume variation of the target and OARs between intra-fractions. And
the margin expanding from CTV to PTV could be reduced because the setup errors is reducing by daily
setup veri�cation, resulting in a reduction in the dose of the small bowel[21].

Nevertheless, there is a drawback of HT. Vernat[22] and Pasquier[23] reported that HT increased normal
tissue volume of low dose region compared with IMRT and VMAT for oropharyngeal cancer and prostate
cancer. Xie[24] also reported that HT plan increased the volume of V5 and V10 of lung and heart
compared with IMRT and VMAT plans for left-sided breast cancer. Our results are consistent with the
results above, the volumes of OARs in low dose radiation region are increased, such as V5, V10 of small
bowel, rectum, bladder and femoral heads. However, the acute and late GI and GU toxicity is mainly
associated with the volume of the high dose region in pelvic radiation. Therefore, HT has shown great
advantages in the dosimetric signi�cance of reducing the occurrence of acute and late GI and GU toxicity,
while ensuring high homogeneity and conformity. Therefore, HT technique is a better choice in the
postoperative adjuvant pelvic radiotherapy for cervical cancer patients.  

Some literatures reported that VMAT achieved higher dose conformity of PTV and better sparing of OARs
with a shorter treatment delivery time than FF-IMRT in comparison with plans of different cancers[25-27].
In our present study, compared with FF-IMRT plans, VMAT were also exhibited better dose distribution of
target and better sparing of OARs. Compared with HT and FF-IMRT plans, VMAT plans reduced the
delivery time by 47.3% and 49.5%, respectively. Less treatment time may reduce the in�uence of the
uncertainty, the probability of patents’ moving, and patients’ discomfort. Therefore, VMAT may be the
appropriate treatment planning strategy in postoperative cervical cancer patients who cannot stay in
position for longer time due to physical or mental discomfort.

However, the limited sample size in our study may result in insu�cient statistical power to show
signi�cance in some of the dosimetric parameters. Therefore, further clinical trials with large sample
sizes focusing on the clinical signi�cance of HT correlated with GU and GI toxicity data and oncologic
outcomes are essential in the future.

Conclusion
In the three different modern IMRT strategies for the postoperative adjuvant pelvic radiotherapy in
cervical cancer patients, our current study showed that the HT plans accomplished the best conformal
and homogeneous dose distribution in the aspect of PTV, and also achieved the best sparing of the OARs
through reducing the volume of high-dose radiation region. Therefore, while ensuring high homogeneity
and conformity of PTV, HT plans might contribute to a signi�cant reduction of GU and GI toxicity. On the
other hand, VMAT obviously reduced the treatment time and improved the e�ciency of radiation delivery,
which could reduce the patients’ discomfort and patients’ involuntary moving while beam on. Our results
could offer guidance for choosing suitable radiation technologies for cervical cancer patients who
undergoing postoperative adjuvant pelvic radiotherapy.
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Tables
Table 1. Dosimetric parameters for PTV of three plans

Parameters IMRT  VMAT HT P*

VMAT Vs.
IMRT

HT Vs.
IMRT

HT Vs.
VMAT

PTV            

Dmean
(Gy)

46.54 ±
0.22

46.34 ±
0.16

45.91 ±
0.22

<0.001 <0.001 <0.001

HI 0.08 ±
0.01

0.07 ±
0.01

0.05 ±
0.01

<0.001 <0.001 <0.001

CI 0.78 ±
0.03

0.82 ±
0.03

0.85 ±
0.02

<0.001 <0.001 0.005

* P value was computed by paired t test
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Table 2. Dose-volume histogram comparisons for the main OARs of three plans
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OARs IMRT  VMAT HT P*

VMAT Vs.
IMRT

HT Vs.
IMRT

HT Vs.
VMAT

Small
intestine

           

V5 (%) 85.77 ±
17.82

86.00 ±
18.25

87.67 ±
18.00

0.485 <0.001 0.006

V10 (%) 78.16 ±
17.25

77.43 ±
17.23

82.21 ±
17.95

0.089 <0.001 <0.001

V20 (%) 63.45 ±
13.28

61.70 ±
13.29

56.26 ±
11.21

0.003 <0.001 <0.001

V30 (%) 45.09 ±
10.70

43.69 ±
10.29

32.66 ±
8.26

0.030 <0.001 <0.001

V40 (%) 23.47 ±
6.91

20.11 ±
6.15

16.65 ±
5.45

<0.001 <0.001 <0.001

Dmax (Gy) 48.96 ±
0.40

48.83 ±
0.38

47.26 ±
0.46

0.270 <0.001 <0.001

Dmean (Gy) 25.63 ±
5.19

24.84 ±
5.05

23.41 ±
4.62

<0.001 <0.001 <0.001

Rectum            

V5 (%) 97.76 ±
2.31

97.97 ±
2.43

99.27 ±
1.20

0.166 0.002 0.004

V10 (%) 94.75 ±
4.30

94.76 ±
4.14

95.95 ±
3.40

0.981 0.026 0.007

V20 (%) 84.85 ±
3.04

83.04 ±
3.34

69.95 ±
0.94

0.036 <0.001 <0.001

V30 (%) 60.25 ±
2.91

57.96 ±
5.89

41.28 ±
1.32

0.155 <0.001 <0.001

V40 (%) 27.06 ±
5.37

25.97 ±
4.66

19.79 ±
2.33

0.436 <0.001 <0.001

Dmax (Gy) 47.95 ±
0.52

47.80 ±
0.61

47.17 ±
0.38

0.319 <0.001 0.001

Dmean (Gy) 31.57 ±
0.55

31.05 ±
1.21

28.07 ±
0.60

0.100 <0.001 <0.001

Bladder            

V5 (%) 100.00 ±
0.00

100.00 ±
0.00

100.00 ±
0.00

- - -

V10 (%) 95.54 ± 96.79 ± 97.98 ± 0.034 <0.001 0.023
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3.08 3.00 2.37

V20 (%) 76.64 ±
3.91

76.29 ±
4.49

71.39 ±
1.43

0.491 <0.001 <0.001

V30 (%) 53.60 ±
2.31

53.01 ±
2.43

49.71 ±
1.08

0.319 <0.001 <0.001

V40 (%) 32.55 ±
3.48

31.44 ±
3.78

29.46 ±
2.53

0.035 <0.001 0.001

Dmean (Gy) 31.25 ±
1.19

31.01 ±
0.61

29.71 ±
0.53

0.433 0.001 <0.001

Spinal Cord            

Dmax (Gy) 38.59 ±
1.18

36.33 ±
2.66

30.28 ±
1.88

0.003 <0.001 <0.001

Femoral
head-L

           

V5 (%) 83.70 ±
12.52

84.76 ±
11.36

93.74 ±
5.96

0.546 0.001 <0.001

V10 (%) 65.53 ±
19.94

68.72 ±
17.33

77.70 ±
10.30

0.228 0.002 0.002

V20 (%) 41.89 ±
15.66

41.80 ±
14.00

32.02 ±
3.27

0.967 0.028 0.017

V30 (%) 18.88 ±
7.05

20.76 ±
5.38

13.83 ±
4.85

0.288 0.030 0.001

V40 (%) 1.52 ± 1.79 0.52 ± 0.69 0.04 ± 0.17 0.016 0.006 0.025

Dmean (Gy) 17.75 ±
4.21

17.98 ±
3.55

16.92 ±
1.23

0.669 0.378 0.180

Femoral
head-R

           

V5 (%) 82.09 ±
14.48

82.43 ±
14.01

92.93 ±
7.37

0.727 0.001 <0.001

V10 (%) 65.04 ±
20.84

68.11 ±
18.36

77.22 ±
13.46

0.081 0.001 0.003

V20 (%) 42.89 ±
16.14

43.04 ±
15.20

31.05 ±
4.32

0.944 0.013 0.010

V30 (%) 19.19 ±
10.08

22.05 ±
8.66

12.42 ±
5.97

0.101 0.046 0.008

V40 (%) 1.26 ± 1.81 0.65 ± 1.09 0.10 ± 0.28 0.144 0.024 0.078

Dmean (Gy) 17.77 ±
4.85

18.16 ±
4.28

16.61 ±
1.80

0.428 0.303 0.140
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* P value was computed by paired t test

Figures

Figure 1

The conformity index (CI) and the homogeneity index (HI) of three different radiotherapy techniques: FF-
IMRT, VMAT, and HT.
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Figure 2

Typical dose distributions of the three plans. A: FF-IMRT, B: VMAT, C: HT plans.
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Figure 3

Dose-volume histograms for the PTV (purple), a: small bowel (cyan) b: rectum (blue), c: bladder (orange)
and d: Femoral heads (dark yellow) with three different dose limitation strategies for pelvic radiotherapy:
FF-IMRT, VMAT and HT.


