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Abstract
Purpose: We compared the three-dimensional printed non-coplanar template (3DPNCT) plans with 3D-printed 

coplanar template (3DPCT) plans for radioactive seed implantation (RSI) in lung cancer and explored the differences 
between the two technologies.

Material and methods: 33 patients with peripheral lung cancer that received 3DPCT-assisted RSI in our depart-
ment between June 2017 and February 2018 were analyzed. A 3DPNCT plan was re-designed for all patients. The 
prescribed dose and seed activity in the new plan were the same as the 3DPCT plan. The data in the two plans were 
compared, including seed number, needle number, number of needles needed to cross the ribs, and dosimetry param-
eters. Dosimetry parameters included D90, Dmean, MPD (minimum peripheral dose), V100, V150, CI (conformity index),  
EI (external index), HI (homogeneity index) of target volume, D2cc of spinal cord and aorta, and V20 of affected side lung. 
We used a paired t-test and two groups of related non-parameters tests to examine statistical significance. A p value  
< 0.05 was considered statistically significant.

Results: We found no significant difference in dosimetry parameters (p > 0.05), except MPD. The mean MPD of the 
3DPNCT plan was significantly higher than the 3DPCT plan (88.5 Gy and 81.8 Gy, respectively, p = 0.017). The number 
of needles used in the 3DPNCT plan and the number of needles needed to cross the ribs were significantly less com-
pared with the 3DPCT plan (p = 0.000).

Conclusions: The dose distributions of the two 3DPCT plans were similar. 3DPNCT plan had a higher dose in 
target volume margin, with fewer needles and fewer breaks to the ribs. 
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Purpose
Radioactive seed implantation plays an important 

role in the treatment of local tumors [1]. The image-guid-
ed brachytherapy treatment planning system (B-TPS) has 
been widely used in the procedure of radioactive seed 
implantation, including preoperative plan design, intra-
operative optimization, and post-operative evaluation. 
However, due to the error of insertion and complex an-
atomical structure, implantation highly depends on the 
experience of the clinician, if only guided by image alone, 
which might give rise to a significant deviation between 
the post-operative dose and preoperative planning. The 
appearance of the three-dimensional printing template 
(3DPT) technology has been deemed a milestone for ra-
dioactive seed implantation. Guided by the 3DPT, preop-
erative planning can be accurately realized in surgery [2]. 
Currently, 3DPT is divided into two types: 3D-printing 
non-coplanar template (3DPNCT), characterized by indi-

vidualization, and non-coplanarity of the needle path and 
3D-printing coplanar template (3DPCT), characterized by 
all needles path in the same direction [3] (Figure 1). In the 
present study, we compared the application of 3DPNCT 
and 3DPCT, which included designing the radioactive 
seed implantation plan for a thoracic tumor, and further 
analyzed the differences at the planning step to provide 
theoretical support for choosing a more reliable implanta-
tion technology and a more optimal strategy.

Material and methods 
Clinical general information 

We enrolled 33 patients with peripheral lung cancer 
who received computed tomography (CT)-guided radio-
active iodine-125 (125I) seeds assisted by 3DPCT at our de-
partment. Our patients selection criteria were as follows: 
1) failure to carry out surgery or external radiotherapy;  
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2) solitary tumor and tumor size ≤ 8 cm; 3) definitive  
pathological diagnosis; 4) suitable puncture access: bones 
and large blood vessels avoiding; 5) no bleeding tendency; 
6) good general condition (Karnofsky performance status 
> 70) with expected survival > 3 months. All patients had 
complete radiological information and preoperative plan-
ning data. The general information, such as target lesions 
and preoperative planning are shown in Table 1.

System planning 

B-TPS (KLSIRPS-3D) was provided by the Beijing 
University of Aeronautics and Astronautics and Bei-

jing Astro Technology Ltd., Co. Planning system source 
data originated from the official and latest manuscripts 
of the American Association of Physicists in Medicine 
(AAPM), and the 125I seeds model calculation algorithm 
was MCNP (Monte Carlo N Particle Transport Code) 
based on water phantom [4,5]. The seeds type was 
6711_1985 (Shanghai GMS Pharmaceutical Co., Ltd.). 
The brachytherapy treatment planning system have 
been inputted the model to consider the inter-seed at-
tenuation effect [6]. 

Preoperative planning 

All procedures were conducted according to the inter-
national guideline [3]. Two days before the operation, pa-
tients obtained a CT-scan (Brilliance Bigbore CT, Philips 
Co., Ltd.) to locate the lesions, using a slice thickness of  
5 mm. The patient’s position depended on the lesion loca-
tion and included supine, prone, and lateral positions. We 
fixed the patients with a vacuum pad and marked posi-
tion lines and template-guiding lines on their skin surface. 
CT imaging data were transmitted to B-TPS to design the 
preoperative plan, such as delineating gross tumor vol-
ume (GTV) and organs at risk (OARs) (including spinal 
cord, aorta, and affected lung), defining prescribed doses 
and radioactivity of seeds, determining needle pathway 
(distribution and orientation), calculating the number of 
radioactive seeds and their spatial distribution, and cal-
culating the dosimetric distribution into GTV and OARs 
(spinal cord, aorta, and affected lung). We optimized the 
treatment plan (the physicist adjusted the distribution of 
needles and seeds manually) to ensure that doses of 90% 
GTV (D90 of GTV) matched the prescribed doses as close-
ly as possible. As recommended in previously published 
literature, the prescribed dose was 120-170 Gy [3]. 

All patients have completed the treatment and the 
image data, target area, and treatment plan assisted by 
3DPCT were available in B-TPS (Figure 2). We re-de-

Fig. 1. Three-dimensional printing template: A) 3D-printing coplanar template (3DPCT) (the distance between needles path is 
5 mm); B) 3D-printing non-coplanar template (3DPNCT) (the little holes around the guide post on the template were pre-re-
served needles path) 

A B

Table 1. General clinical information 

Characteristics 

Sex (n) 

Male 20 

Female 13 

Age (years)* 61 (17-84) 

Lesion location (n)

Superior lobe of left lung 5 

Upper lobe of left lung 7 

Superior lobe of right lung 7 

Middle lobe of right lung 9 

Upper lobe of right lung 5 

Lesion length (cm)* 4.5 (2.1-7.5) 

Lesion volume (cc)* 36.2 (3.2-204.5) 

Prescribed dose (Gy)* 160 (120-170) 

Radioactivity (mCi)* 0.68 (0.58-0.8) 

*The data are shown as median value (range). 
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signed the treatment plan assisted by 3DPNCT for all 
patients in B-TPS (Figure 3). The prescribed doses and 
seeds radioactivity of the new plan (3DPNCT plan) was 
the same as the original plan (3DPCT plan). 

Comparison and evaluation of planning 

We compared several parameters of the 3DPNCT 
and 3DPCT treatment plans and analyzed the differ-
ences. The parameters included seed numbers, needle 
numbers, number of ribs passed through by the needles, 
and other related dosimetric parameters. The dosimetric 
parameters included D90, mean doses of GTV (Dmean), 
volume percent of GTV receiving 100% prescribed dose 
(V100), volume percent of GTV receiving 150% pre-
scribed dose (V150), volume percent of GTV receiving 
200% prescribed dose (V200), and minimum peripher-
al dose of GTV (MPD). The conformity index (CI) was 
used to evaluate the conformity of dose distribution [7]: 
CI = (VT, ref/VT) × (VT, ref/Vref), where VT, VT, ref, and Vref 
were the volume of GTV, the volume of GTV with the 
prescribed dose, and the total volume covered by pre-
scribed dose (cm3), respectively. The ideal CI is 1, show-
ing that the prescribed dose just covers the GTV, and 
the dose of outside GTV less than the prescribed dose. 
The greater the CI, the greater the volume of GTV with 
the prescribed dose and the smaller the volume out-
side GTV with the prescribed dose. The external index 
(EI) was used to describe the percentage of the volume 
outside GTV, exceeding the prescribed dose to the vol-
ume of GTV [8]: EI = (Vref – VT,ref)/VT × 100%. The most 
ideal EI is 0, showing that the dose of all volumes out-
side GTV are less than the prescribed dose. The greater 
the EI, the greater the volume of outside GTV with the 
prescribed dose. The homogeneity index (HI) was used 
to describe the homogeneity of dose distribution [8]:  
HI = (VT,ref – VT,1.5ref)/VT,ref × 100%, where VT,1.5ref was 

the volume of GTV with 150% prescribed dose (cm3). 
The most ideal HI is 100%, the greater the HI, the more 
homogenous the dose distribution of GTV. In terms of 
normal tissues, D2cc was used for the dose evaluation of 
the spinal cord and thoracic aorta (the dose received by 
normal tissues in the range of 2 cm3), and V20 was used 
for the lung on the affected side (the percentage of lung 
volume received 20 Gy dose).

Statistical methods

The Shapiro-Wilk test was used to verify whether the 
planning data of the two groups (3DPNCT and 3DPCT) 
conformed to the normal distribution. For data that con-
formed to the normal distribution, a paired sample t-test 
was used for the comparison. Non-parametric correlation 
sample rank sum test (Wilcoxon) was used for data that 
did not conform to the normal distribution. P < 0.05 was 
considered statistically significant. SPSS 20.0 software 
was used for the statistical analysis. 

Results
The results of each parameter were compared between 

3DPNCT and 3DPCT (Table 2). D90, Dmean, MPD, and V150 
conformed to a normal distribution using a paired t-test 
(Table 2). A non-parametric rank sum test was used for 
the remaining parameters. There were no significant dif-
ferences among the dosimetric parameters (p > 0.05), ex-
cept for MPD. MPD of 3DPNCT was significantly higher 
than 3DPCT (88.5 Gy vs. 81.8 Gy, p = 0.017). The number 
of radioactive seeds used by both groups (3DPNCT and 
3DPCT) was similar (mean, 61 and 60, respectively), with 
no statistical difference. However, the needle number 
and the number of needles passing through the ribs fol-
lowing 3DPNCT were both significantly less compared 
with 3DPCT (p = 0.000). 

Fig. 2. The CT image following 3DPCT. The needle pathway was consistent in the different scanning layers

Fig. 3. The CT image following 3DPNCT. The needle orientation was different in different scanning layers. The dotted line was 
pre-reserved for the virtual access
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Discussion 
3D printing template have solved the shortcomings 

of free-handed puncture, such as heavy dependence on 
personal experience of operators, uneven implantation 
quality, lack of effective quality control methods, etc. It 
greatly improves the accuracy, safety, and efficiency of 
seed implantation operation [2,3,9]. Some evidence has 
indicated that both 3DPNCT and 3DPCT could guarantee 
the guidance of the insertion needle and the consisten-
cy between the post-operative dose and the preoperative 
plan [10,11]. However, for thoracic tumors, the choice of 
planning templates to design the treatment remains un-
clear, due to the motion of the tumor and the position of 
ribs as an obstacle. The present study fully compared the 
difference between the 3DPNCT and 3DPCT plans. Fur-
thermore, our study was instructional for constructing 
a feasible choice of guiding-template and understanding 
the standard process of radioactive seed implantation. 
Because of the high-risk of seed implantation for central 
lung cancer patients and the quality of implantation that 
cannot be guaranteed, our study refined the treatment 
site of peripheral lung cancer lesions to ensure the feasi-
bility of the plan. 

In the present study, most dosimetric parameters 
showed no significant difference between the target area 
and normal tissues, suggesting that both 3DPNCT and 
3DPCT were able to meet the dosimetrics needed, which 
was consistent with previous studies [2,9,10,11,12]. MPD 
is another expression for D100, which means the mini-

mum dose that can cover the target area [3]. MPD fol-
lowing 3DPNCT was significantly higher than 3DPCT, 
suggesting that the lesion margin could receive higher 
doses with 3DPNCT planning. In Ma et al. study, V100 and 
D90 were 5% and 8%, and the 2-year overall survival and 
local control rates improved to 18.9% and 23.3%, respec-
tively [13]. Therefore, 3DPNCT planning demonstrated 
a potential advantage to increase local control rate and to 
reduce recurrence. 

In terms of the number of needle punctures, the treat-
ment planning based on 3DPNCT was significantly bet-
ter than 3DPCT (p < 0.05). These results indicated that 
3DPNCT could significantly reduce the total number of 
needle punctures and avoid the needles passing through 
the ribs, which obviously shortens the operation time, 
and reduces the risk of side effects and suffering of the 
patients. It is more flexible to design treatment planning 
under 3DPNCT (puncture by coplanar and non-coplanar 
are both available), which corresponds to the concept 
of individualized treatment. Although we need to opti-
mize the intra-operative planning and pre-reserve needle 
pathways due to tumor motion and operation error, we 
could perform the surgery well assisted by 3DPNCT [11]. 
The shortcoming of 3DPNCT compared with 3DPCT is 
that the pre-reserved needle path is only a hole and not 
controlled by the guide post. When using pre-reserved 
needle path for puncture during the actual procedure, the 
quality of puncture is greatly affected by personal expe-
rience. It may be necessary to verify the needle position 
and adjust the direction of needle repeatedly, which may 

Table 2. Parameter results compared between 3DPNCT and 3DPCT 

Parameters Non-coplanar Coplanar Normal dis-
tribution test 
(Shapiro-Wilk) 

p (Paired t/  
Wilcoxon tests) 

Interval Median Mean Interval Median Mean 

Number of seeds 12-175 45.0 61.7 ±42.00 14-166 49.0 60.5 ±41.35 Inconformity 0.137 

Number of needles 4-34 11.0 13.4 ±8.07 4-39 13.0 15.2 ±9.63 Inconformity 0.000 

Number of through 
rib needles 

0-15 1.0 2.8 ±3.89 0-28 5.0 7.0 ±6.01 Inconformity 0.000 

D90 (Gy) 142.3-176.5 163.2 163.8 ±8.25 129.6-195.4 162.6 162.8 ±11.62 Conformity 0.494 

Dmean (Gy) 261.0-409.4 332.8 336.5 ±33.79 256.8-463.7 321.7 326.0 ±41.92 Conformity 0.136 

mPD (Gy) 46.1-133.2 92.1 88.5 ±21.71 38.2-124.6 82.2 81.8 ±24.75 Conformity 0.017 

V100 (%) 90.0-98.3 91.0 91.5 ±1.60 89.3-100.0 90.9 91.6 ±2.39 Inconformity 0.662 

V150 (%) 40.6-77.0 62.3 61.4 ±7.46 36.0-87.1 60.0 59.3 ±10.20 Conformity 0.285 

V200 (%) 15.3-52.9 28.8 30.1 ±8.57 11.8-60.8 26.5 28.8 ±12.34 Inconformity 0.561 

CI 0.52-0.84 0.73 0.71 ±0.10 0.47-0.83 0.74 0.71 ±0.10 Inconformity 0.514 

EI (%) 6.5-69.1 23.1 29.2 ±18.84 9.2-110.9 20.0 29.7 ±23.72 Inconformity 0.330 

HI (%) 17.7-55.6 31.6 32.9 ±7.74 12.5-73.8 33.4 36.6 ±12.03 Conformity 0.090 

D2cc (Gy) of spinal 
cord

0-69.1 3.5 8.8 ±14.30 0-75.4 3.4 8.7 ±15.00 Inconformity 0.117 

D2cc (Gy) of aorta 0-146.2 1.0 16.2 ±32.44 0-142.6 0.92 12.8 ±28.09 Inconformity 0.434 

V20 (%) of affected 
lung 

1.7-64.2 15.4 21.1 ±17.49 1.8-70.0 14.0 20.3 ±17.45 Inconformity 0.160 
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affect the efficiency and increase the risk of complications 
of the operation [14]. In addition, both plan designing 
and template manufacturing of 3DPNCT are quite com-
plex and expensive, which impair its popularization. 

Conclusions 
The major dosimetric parameters of 3DPNCT plan-

ning are similar to 3DPCT plans. Both are able to meet 
the clinical treatment needs. However, the margin dose 
is higher and the total number of needles and needles 
through the ribs are reduced using 3DPNCT planning 
compared with 3DPCT, which indicates that 3DPNCT 
has potential advantages to improve local control, reduce 
operation risk, and benefit more patients. 
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