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Background: This study explored the effects of air cavity on the dose distribution of radiotherapy in 
patients after extensive hysterectomy. In patients who have an air cavity in the intestines near the planning 
target volume (PTV), the photon beams may interact with the air cavity to cause electron disequilibrium 
(ED), resulting in a reduction in the absorbed dose by the surrounding tissues. In this paper, the electron 
density assignment (EDA) of the air cavity was used to simulate the disappearance of the intestinal gas, and 
the effects of the intestinal air cavity on the volume modulated arc therapy (VMAT) results were examined.
Methods: A total of 21 patients who underwent VMAT after extensive hysterectomy were enrolled in this 
retrospective analysis. The dose parameters from the selected treatment plan were used the experimental 
reference. The treatment plan of the reference group was copied, and the intestinal air cavity structure 
was identified using the computed tomography (CT) simulation image. The electron density value of the 
intestine near the cavity was measured and averaged according to the intestinal electron density value 
recommended by International Commission Radiological Units (ICRU) report No. 46. The averaged 
value was assigned to the air cavity structure. Subsequently, the treatment plan was re-calculated without 
changing other parameters, and the resulting treatment plan was defined as the experimental group. The 
dose parameters of the PTV and organs at risk (OAR) in the 2 groups were assessed, and the influence of the 
intestinal air cavity on the VMAT dose distribution in cervical cancer patients was analyzed. 
Results: The minimum dose (D98) and the maximum dose (D2) of the PTV was significantly different 
between the experimental group and the control group (P<0.05), however, mean dose of the PTV was 
comparable between the 2 groups. The dose parameters of OARs were not significantly different between 
the two groups except the bone structural organs. 
Conclusions: When the intestinal air cavity is large and related to the target area, the intestinal air cavity 
should be intervened, and the patient should be treated with radiotherapy after the intestinal gas decreases.
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Introduction

In some cervical cancer patients who undergo extensive 
hysterectomy followed by radiotherapy, there is a severe 
build up of intestinal gas, visible via computed tomography 
(CT) simulation images. The most common causes of this 
gastrointestinal gas include functional dyspepsia, irritable 
bowel syndrome, and chronic idiopathic constipation (1). 
Patients with lactose intolerance also experience serious 
intestinal gas build up due to the excessive growth of small 
intestinal bacteria (2). During abdominal surgery, factors 
such as intestinal traction, exposure, anesthesia, and trauma, 
can lead to gastrointestinal dysfunction, manifesting 
as weakened or absent bowel movements, abdominal 
distension, or flatulence. Under normal circumstances, 
gastrointestinal function will recover after 24 to 72 hours 
postoperatively. However, some patients will still experience 
abdominal distension due to intestinal function, diet, and 
bacterial imbalance (3,4). Intestinal flatulence not only 
causes discomfort to the patient, but can also adversely 
affects the patient’s subsequent radiotherapy.

The usual treatment regimen for patients with cervical 
cancer is extensive hysterectomy followed by external 
radiation therapy three weeks later to consolidate the 
surgical effect. During radiotherapy, the radiotherapist 
determines the range of the target area based on CT 
simulation images and outlines the organs that need 
to be protected. The electron density measurements 
corresponding to different CT values obtained from the CT 
simulation image is used to calculate the dose distribution 
in the patient’s body. When there are air cavities present 
in the intestines near the treatment target area, the photon 
beams used in external radiotherapy will pass through 
these cavities causing electron disequilibrium (ED). When 
the number of charged particles entering a volume of 
medium is equal to the number of particles leaving the 
same volume, it is called the electron equilibrium state, 
otherwise the ED phenomenon will occur (5). Ostwald 
et al. applied the 6 megavolt (MV) photon beam opposed 
lateral fields radiation technique to study the influence of 
air cavities on the radiation dose in the larynx. The results 
of thermoluminescence dose measurement showed that the 
ED phenomenon can cause an average 6–18% drop in the 
dose reaching the mucosal tissue in the larynx (6,7). Huang 
et al. set up air cavities of different sizes in the acrylic plastic 
phantom and demonstrated via the Monte Carlo simulation 
that the convolution/superposition dose calculation 
algorithm can overestimate the dose inside the phantom 

air cavity, especially for the built-up area of the phantom 
cavity. The greatest impact depth was observed with a depth 
of up to 0.5 cm (8). Other studies have also examined the 
influence of the ED phenomenon on the radiotherapy dose 
delivered. The lungs (9,10), upper respiratory tract mucosal 
tissues (11), and air cavities can all have an impact on the 
patient’s radiation therapy dose distribution. Thus, the 
effects of air cavities, observed via CT simulation images, 
during volume modulated arc therapy (VMAT) radiotherapy 
of cervical cancer patients should be investigated.

To study the dosimetric difference between the presence 
and absence of intestinal air cavities in cervical patients 
undergoing radiotherapy after extensive hysterectomy, this 
investigation used the electron density assignment (EDA) 
method to simulate the disappearance of the intestinal 
air cavity. The EDA method is often used in the research 
of radiation therapy dosimetry. In recent years, magnetic 
resonance imaging (MRI) guided radiotherapy technology 
has gained much attention. One of the main limitations 
of using MRI alone in treatment planning is the lack of 
correlation between the MRI signal intensity and electron 
density. However, the electron density of different human 
tissues is a necessary parameter for dose calculation. One of 
the simplest but very effective solutions is to assign electron 
density values to the treatment target area, organs at risk 
(OAR), and the normal tissues in the MRI image, so that 
the relative relationship between the MRI signal intensity 
and the electron density value can be established (12-15). 
Oral contrast agents are commonly used in the diagnosis of 
abdominal lesions, as they make the intestinal tube display 
high density in CT images. After the contrast agent is 
discharged from the body, the density of the bowel returns 
to normal. Some studies have also used the EDA method 
to examine the influence of intestinal contrast media on the 
radiation therapy dose (16,17). Metal artifacts observed on 
CT images can also affect the distribution of the radiation 
treatment dose. Maerz et al. used the EDA method to assign 
the normal electron density to the artifact area according to 
the International Commission on Radiological Protection 
(ICRP) report 23 and the International Commission on 
Radiological Units (ICRU) report 44 on the recommended 
value of the standard organization’s electron density relative 
to water. The authors then compared the accuracy of the 
dose calculation using the treatment plan system (18). Our 
current study also used the EDA method to assign the 
normal intestinal electron density value to the air cavity 
observed on the radiotherapy CT simulation image. The 
value of the electron density of the bowel was determined 
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according to the recommended value in the ICRU 46 
report (19). The dose was recalculated without changing 
the original parameters of the radiation treatment plan, and 
the influence of the absence of the air cavity on the dose 
distribution of the treatment plan was analyzed.

Previous studies examining the larynx cavity (6), the 
cavity in the phantom (8), and the upper respiratory tract 
cavity (11) have shown that the existence of the air cavity 
will affect the radiation treatment dose in the cavity and 
its surrounding tissues. However, most of these studies 
were conducted on the basis of a single field or two 
opposed lateral fields and a single case. This article used 
VMAT technology to study the effects of intestinal air 
cavity on the results of the radiotherapy treatment plan in 
cervical cancer patients after extensive hysterectomy. The 
advantages of using VMAT technology include more beam 
segments, increased beam directions, a variable dose rate, 
and variable gantry speed. Popescu et al. (20) demonstrated 
a more favorable dose distribution to the target and OARs, 
with reduced monitor units using VMAT compared with 
conventional fixed fields IMRT. The difference in the 
dose distribution achieved with the same treatment plan 
parameters was compared in the presence and absence of 
the air cavity on CT simulation images. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-22-66/rc).

Methods

Clinical data and target contouring 

Clinical data
A total of 21 cervical cancer patients who underwent 
radiotherapy treatment in Shaanxi Provincial Tumor 
Hospital, Affiliated Hospital of Xi’an Jiaotong University 
Health Science Center from March 2018 to May 2021 
after extensive hysterectomy and pelvic and abdominal 
aortic lymph node dissection were retrospectively enrolled 
in this study. The patients ranged from 38–66 years old, 
with a median age of 47 years. None of the patients had 
contraindications to radiotherapy and all signed informed 
consents for radiotherapy. All radiotherapy treatment 
procedures were completed without interruption during 
the treatment period. Patients whose CT simulation image 
data showed the presence of overlapping areas between the 
air cavity and the planning target volume (PTV) boundary 
line were included in this study (Figure 1). If the air cavity 
does not lie within the PTV or the cavity does not intersect 
with the PTV boundary line, the enrollment criteria was 
not satisfied and the patients were excluded. Due to the 
retrospective nature of this study, only the dosimetry 
data of the treatment plan was collated, and there was no 
intervention with the patient’s actual treatment. There 
were no potential risks during the research process and 
the patient’s privacy was protected at all times. This study 
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Figure 1 A schematic diagram showing the introduction of the air cavity in the coronal plane of the CT image and the phantom. (A) 
Patient coronal section; (B) Phantom coronal section. The red area denotes the range of the PTV, while a, b, and c denotes the air cavity in 
different positions of the phantom. Air cavity a and b meet the enrollment criteria, while air cavity c does satisfy the criteria. CT, computed 
tomography; PTV, planning target volume.

https://apm.amegroups.com/article/view/10.21037/apm-22-66/rc
https://apm.amegroups.com/article/view/10.21037/apm-22-66/rc
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was approved by the Medical Ethics Committee of Shaanxi 
Provincial Tumor Hospital (approval No. 2020-02). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Informed consent was 
provided by all patients.

Target range and delineation of the OARs 
The target area delineation is performed according to 
the Radiation Therapy Oncology Group (RTOG) target 
area delineation guide for intensity-modulated radiation 
therapy (IMRT) radiotherapy after cervical cancer surgery. 
The clinical target volume (CTV) delineation includes the 
tumor bed after tumor resection and the related lymphatic 
drainage area. The PTV area is generated by expanding 
the obtained CTV area 1 cm up, down, and ventral to the 
patient, and expanding the area 0.5 cm to the left, right, 
and back (21). The delineation of the OARs is performed 
according to the RTOG pelvic normal tissue delineation 
guidelines, including the small intestine, bladder, rectum, 
colon, femoral head, and spinal cord (22). The gas cavity 
structures that satisfied the inclusion criteria required a 
complete outline of the interpenetrating gas range layer by 
layer in the cross section of the CT image, and all air cavity 
structures that met the conditions in the CT image were 
named “air cavity”.

Electron density assignment and experimental design

Electron density assignment to the air cavity
To simulate the patient’s treatment conditions after the 
intestinal air cavity disappears, the EDA method was 
used to process the outlined air cavity structure. First, 
the electron density value E1 of the intestinal contents 
near the air cavity in the selected CT simulation image 
was measured, and then the recommended value of 1.03 
for the intestinal electron density listed in ICRU Report 
No. 46 [gastrointestinal (GI) tract adult =1.03 kg/m−3] was 
determined (19). The electron density E assigned to the air 
cavity of the CT simulation image was obtained using the 
following formula Eq. [1]:

1.03
2

1EE = +  [1]

In the treatment plan system (Eclipse 15.6, Varian, USA), 
the E value was assigned using the formula Eq. [1] in the “air 
cavity” attribute box.

Experimental design
The treatment plans selected in this retrospective study 

were all designed with VMAT. The total prescription 
dose was 50 Gy (2 Gy per day). The photon energy was 
6 MV, with a double arc design, a clockwise arc range of 
181–179°, a counterclockwise arc range of 179–181°, PO 
(Photon Optimizer, Version 15.1.61) as the optimization 
algorithm, and Acuros XB as the dose calculation 
algorithm (Acuros External Beam, Version 15.6.06). For 
the target dose, 95–110% coverage of the PTV volume 
was required by the prescription dose. All treatment plans 
were delivered via the Varian Electron Linear Accelerator 
TrueBeam (Trubeam1697, Varian Medical Systems, Palo 
Alto, CA, USA). For the accuracy of the measurement 
results, quality control work is carried out before the 
measurement to confirm that the parameters of the electron 
linear accelerator and dosimetry equipment are within 
the allowable range. This experiment was divided into  
4 steps. First, the dose distribution results of the selected 
treatment plan were recorded and used as the experimental 
reference. This was defined as the control group. Second, 
the CT simulation images were copied, along with the 
PTV and OAR of the treatment plan of the control group. 
The air cavity in the image that satisfied the experimental 
requirements were outlined and the results of formula Eq. [1] 
were applied. Values were assigned to the air cavity and this 
group was defined as the experimental group. Third, the 
control group’s treatment plan was transferred without any 
modification to the experimental group’s CT simulation 
image target area structure. The same dose calculation 
algorithm was used to recalculate the dose distribution, a 
new treatment plan dose distribution was generated, and 
the relevant parameters were recorded. Finally, statistical 
analyses were performed on the dose distribution of the 
treatment plan in the experimental group and the control 
group. The specific experimental flow chart is shown in 
Figure 2.

Dosimetric analysis of the air cavity in water equivalent 
phantom 
To clearly understand the perturbation law of the air 
cavity to the radiation dose distribution, a water equivalent 
phantom experiment was designed. A water equivalent 
phantom of 300 mm × 300 mm was created in the Eclipse 
treatment planning system, in which a rectangular 
parallelepiped (air gap) with a thickness of 10 mm was 
defined, and the upper surface of the air gap was 50 mm 
from the surface of the water phantom (Figure 3). A Varian 
Truebeam electron linear accelerator 6 MV photon beam 
was used to irradiate the phantom. The dose algorithm 
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was Acuros XB, the field size was 10 cm × 10 cm, and the 
distance between the photon beam source and the water 
equivalent phantom surface was 100 cm. The percentage 
depth dose of the central axis of the beam was collected 
to analyze the influence of the air cavity on the dose 
distribution of the water phantom.

Statistical analysis

According to the special characteristics of the intestinal 
air cavity in the selected treatment plan, the dosimetry 
parameters of the routine OARs in the abdomen were 
selected for statistical analysis, including the PTV minimum 
dose (D98), the average dose (Dmean), the maximum dose 
(D2), and the OAR statistics including bladder V40 (the 
percent volume of the normal organ receiving 40 Gy or 
more), rectum V40, colon V40, small intestine V30, and 
femoral head V35. All parameters are expressed as mean ± 
standard deviation. The Shapiro-Wilk method was used 
to test the normality of the data of the PTV and OAR, 
and all data met the requirements of normal distribution 
(P>0.05). GraphPad Prism 8.0 was used for paired t-test, 
and P<0.05 was considered statistically significant. A bar 
chart with error bars of the homogeneity index (HI) and 
conformity index (CI) of the two sample treatment plans 

was constructed, and the influence of the intestinal air 
cavity on the results of the cervical cancer treatment plan 
was analyzed.

Results

The effects of air gap in the water equivalent phantom

The percentage depth dose curve of the central axis of 
the photon beams in the phantom was collected from the 
Eclipse treatment plan system. For a 10 cm × 10 cm field, 
the air cavity obviously changed the percentage depth 
dose distribution of the 6 MV photon beam. As shown in 
Figure 4, before the beam entered the air gap depth, the 
central axis percent depth curve of the beam field fit well 
with the central axis percent depth dose curve of the beam 
field when there was no air gap. In the air gap depth area, 
the phantom beam central axis percent depth dose was 
significantly reduced when there was an air gap, and a low 
valley area appeared. After the air gap depth, the phantom 
beam central axis percentage depth dose with an air gap was 
slightly higher than that without an air gap.

The effects of air cavity on the dose of the PTV

The average PTV volume of the selected treatment plans 
was 994.85±187.43 cm3 and the average volume of the air 
cavity was 121.48±58.31 cm3. According to the results of 

Study treatment plan
(plan with air cavities)

Plan result changes

Copy Copy

Group  A Contouring air cavities

EDA (air cavity)

Recalculation

Group B

Figure 2 A flow chart showing the experimental procedure. EDA, 
electron density assignment.

Beam source

Phantom surface

Air gap

Beam axis

Figure 3 A schematic diagram showing the air cavity in the water 
equivalent phantom. 
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Eq. [1], the average value of the electron density assigned to 
the air cavity was 1.023±0.11 g/cm3. There was a statistically 
significant difference in the PTV dose parameters of D98 
and D2, but not Dmean, between the experimental group and 
the control group (P<0.05; Table 1).

The effects of air cavity on the dose of the OARs 

As shown in Table 2, the dose volume parameters of the 
OARs, namely, the bladder, rectum, and small intestine, 
were not significantly different between the two groups. 

AG-A: Field 10×10
AG-T: Field 10×10
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Figure 4 A schematic diagram of the water-equivalent phantom experiment and data analysis diagram. For a 10 cm × 10 cm field, the air 
cavity obviously changed the percentage depth dose distribution of the 6 MV photon beam. (A) The dose distribution of the photon beam 
in a uniform water phantom. (B) The dose distribution of the photon beam when there is an air gap in the uniform water phantom. (C) 
The blue line is the center axis percent depth dose curve of the water phantom photon beam, and the red line is the center axis percent 
depth dose curve of the water phantom when there is an air gap. MV, megavolt; AG-A, percentage depth dose containing gas cavity; AG-T, 
percentage depth dose without air cavity.

Table 1 The difference in the PTV dosimetric parameters between the experimental group and the control group

Parameters Control group, mean ± SD (Gy) Experimental group, mean ± SD (Gy) t P

D98 49.37±0.81 49.39±0.78 −2.551 0.019

Dmean 52.02±0.35 52.09±0.30 −1.738 0.097

D2 54.31±0.67 54.16±0.64 5.393 0.000

PTV, planned target volume; SD, standard deviation; D98, minimum dose; Dmean, average dose; D2, maximum dose.
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The difference between the colon dose volume parameter 
V40 and the femoral head dose parameter V30 was statistically 
significant (P<0.05).

The effects of air cavity on the CI and the HI 

The CI and HI are commonly used indicators for evaluating 
the quality of treatment plans and are calculated according 
to the formulas listed below as proposed by Wu et al. (23) 
and Lomax et al. (24), respectively:

2 98

r

HI=
p escription

D D
D

−
 [2]

and

,CI= T refV
TV

 [3]

where D2 is the radiation dose received by 2% PTV 
volume (maximum dose), D98 is the radiation dose received 
by 98% PTV volume (minimum dose), and rp escriptionD  is the 
prescription dose given by the PTV. VT, ref is the volume of 
the target area greater than or equal to the reference dose 
(prescription dose), and TV is the volume of the PTV. In an 
ideal situation, the HI value approaches 0 and the CI value 
approaches 1.

There was no significant difference in the CI index of 
the treatment plan between the control group and the 
experimental group (P=0.222). When the treatment plan of 
the control group contained a cavity, the mean HI index was 
0.096±0.013, and the treatment plan of the experimental 
group was 0.098±0.014 after the electron density of the gas 
cavity was assigned by the EDA method. Figure 5 shows 
that the HI index of the experimental group and the control 
group are located below and above the index =0.1 reference 
line, respectively, and the difference between the two groups 
was statistically significant (P=0.000).

Discussion

During tumor radiotherapy, when there is an air cavity in 
the vicinity of the tumor, there will be a phenomenon of 
under-dosing in the air-tissue interface (25,26). A number 
of studies have demonstrated that the Acuros XB dose 
algorithm can better predict the dose distribution when 
there is an air cavity present, and the difference between this 
calculation result and that achieved with the Monte Carlo 
algorithm is within 2% (27,28). In this study, the Acuros 
XB dose algorithm was applied to the water-equivalent 
phantom experiment. The results demonstrated that, due 
to the existence of the air gap, the electron equilibrium 
state in the water equivalent phantom disappeared, and 
the dose inside the air cavity decreased significantly. In 

Table 2 The difference in dosimetry parameters of the OARs between the experimental group and the control group

Parameters Control group, mean ± SD (%) Experimental group, mean ± SD (%) t P

Bladder V40 42.43±14.65 42.68±14.63 −1.262 0.221

Rectum V40 55.74±13.25 55.54±13.35 0.747 0.464

Intestine V30 13.38±10.82 12.26±10.66 1.111 0.279

Colon V40 56.84±12.94 58.11±12.06 −2.185 0.040

Femoral V30 25.92±14.54 25.60±14.50 3.959 0.023

OARs, organs at risk; SD, standard deviation; V40, the percent volume of the normal organ receiving 40 Gy or more; V30, the percent volume 
of the normal organ receiving 30 Gy or more.
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Figure 5 The error bar graphs of the CI and the HI of the 
experimental group and the control group. Red represents the CI 
index, and blue represents the HI index. CI, conformity index; HI, 
homogeneity index.
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addition, there were obvious secondary build-up effects on 
the interface between the phantom and the cavity and this 
agreed with previous studies (29-31). In the case of a single 
irradiation field, the air cavity exerted an obvious disturbing 
effect on the internal dose of the water phantom.

The present study showed that in terms of PTV 
dosimetry, there was a significant difference in both the 
maximum and minimum doses of PTV between the 
experimental group and the control group. The average 
dose of PTV was similar between the two groups. Except 
for the significant differences in the dose parameters of 
the colon and the femoral head between the two groups, 
no significant differences could be seen in the dosimetry 
parameters of the other OARs. Previous studies on air 
cavity dose distribution reported dose measurements that 
were performed on the beam axis, and the conclusions were 
drawn under the conditions of a single field or an opposed 
lateral field (6-10). Petoukhova et al. (26) quantified the 
air cavity effect by measuring the dose changes at the edge 
of the air cavity. The insufficient dose of the air cavity of 
a single beam or two beams can be as high as 20% and 
10%, respectively. When the beam number increases, 
the insufficient dose gradually decreases. For VMAT, the 
influence of the intestinal air cavity in CT simulation 
images on the planned dose results of radiotherapy is 
more complicated, since there are many beam directions, 
large numbers of beam segments, and different sizes and 
shapes of beam segments. Taylor and Li et al. (32,33) used 
the Monte Carlo method to analyze the influence of the 
radiation field size on the dose distribution at the electronic 
imbalance air-tissue interface, and showed that the smaller 
the radiation field area, the greater the influence of the air 
cavity on the dose distribution. The author believed that, 
owing to various beam directions in the treatment field 
of VMAT technology, the lateral transport of secondary 
electrons inside the cavity alleviates the influence of the air 
cavity on the dose distribution to a certain extent. However, 
due to the existence of a large amount of small treatment 
beam segments in VMAT, when there are a large number 
of air cavities in the treatment area, the impact of the air 
cavities cannot be ignored. The HI of the treatment target 
area and the dose distribution of the organ where the 
cavity is located could be affected by the air cavity. Since 
the distribution of the air cavity of the selected patients 
in this study was mainly located in the colon, a significant 
difference in the dosimetry parameters between the two 
groups was observed in the colon. Normally, the density 

of the intestine is very close within a certain range, and the 
change in location has less impact on the dose distribution. 
However, when air is present in the intestine, changes 
in the location of the air cavity alters the density of the 
intestine, which affects the dose distribution in the intestine 
and target areas According to our research, when the air 
cavity area in the CT simulation image of radiotherapy was 
relatively fixed and always present, such as in the rhinitis 
and larynx, the use of accurate dose prediction algorithm 
is an effective way to solve the accuracy of the delivery 
dose. However, when the air cavity is present in the CT 
simulation image for a short time, such as that caused by 
intestinal gas, the intestinal air cavity should be intervened 
to reduce or eliminated the air cavity in the CT images of 
the patients. This is important so as to ensure the air cavity 
remains in a relatively stable state. VMAT is a high-quality 
and efficient treatment for patients with cervical cancer. In 
the treatment of cervical cancer with VMAT, intervention 
in the patient's intestinal air cavity improves the accuracy of 
the patient's prescription dose.

In this investigation, the CT simulation images 
of patients undergoing radiotherapy after extensive 
hysterectomy were used to analyze the influence of air cavity 
on dose distribution. While this is more representative of 
the actual clinical conditions, there were several limitations 
to this study. Only the 6 MV photon rays were analyzed, 
and the effects of different beam energy, flattening filter free 
beams, electronic beams, and different dose algorithms of 
treatment plans were not examined. Considering the impact 
of retrospective analysis of cases on the results, we will 
actively carry out multi-center research to further study the 
problems of this paper. More in-depth research is warranted 
to determine the impact of air cavities on the outcomes of 
radiotherapy treatment plans.

Conclusions

When intestinal gas is present in or around the target area 
of cervical cancer, the influence of the gas cavity on the dose 
distribution of radiation therapy cannot be dismissed. The 
authors suggest that when there is an intestinal air cavity, 
the intestinal gas should be reduced or eliminated with 
improved diet or drug intervention if possible. When the 
patient’s intestinal gas condition improves, radiotherapy CT 
simulation and radiotherapy plans can be designed. All these 
measures aim to reduce the uncertainty of the prescription 
dose of radiotherapy, increase the effect of radiotherapy, 
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and reduce the damage to the normal tissues.
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