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Abstract
AIM
To evaluate a 3D-printed coplanar template for iodine-125 
seed implantation therapy in patients with pancreatic 
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cancer.

METHODS
A retrospective analysis of our database was performed, 
and a total of 25 patients with pancreatic cancer who 
underwent iodine-125 seed implantation between January 
2014 and November 2017 were analyzed. Of these, 12 
implantations were assisted by a 3D-printed coplanar 
template (group A), and 13 implantations performed free-
hand were selected as a control group (group B). A 3D 
coplanar template was designed and printed according 
to a preoperative CT scan and treatment planning sys-
tem. The iodine-125 seeds were then implanted using 
the template as a guide. Dosimetric verification was per-
formed after implantation. Pre- and postoperative D90, 
V100, and V150 were calculated. The success rate of 
iodine-125 seed implantation, dosimetric parameters, and 
complications were analyzed and compared between the 
two groups.

RESULTS
Iodine-125 seed implantation was successfully performed 
in both groups. In group A, the median pre- and post-
operative D90 values were 155.32 ± 8.05 Gy and 154.82 
± 16.43 Gy, respectively; the difference between these 
values was minimal and not statistically significant (P 
> 0.05). Postoperative V100 and V150 were 91.05% 
± 4.06% and 64.54% ± 13.40%, respectively, which 
met the treatment requirement. A better dosimetric 
parameter was observed in group A than in group B, 
and the difference was statistically significant (V100: 
91.05% ± 4.06% vs 72.91% ± 13.78%, P < 0.05). No 
major procedure-related complications were observed 
in either group. For group A, mild hemorrhage was ob-
served in 1 patient with a peritoneal local hematoma due 
to mesenteric vein damage from the iodine-125 seed 
implantation needle. The hematoma resolved sponta-
neously without treatment. Postoperative blood amylase 
levels remained within the normal range for all patients.

CONCLUSION
A 3D-printed coplanar template appears to be a safe and 
effective iodine-125 seed implantation guidance tool to 
improve implantation accuracy and optimize dosimetric 
distribution.

Key words: 3D printing; Brachytherapy; Iodine-125; 
Pancreatic cancer

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: 3D-printed templates have been used as a new 
iodine-125 seed implantation guidance tool to improve 
implantation accuracy and radiotherapy dosimetry in 
superficial organs. However, few studies have sufficient 
information on template application in profound organs, 
especially the pancreas. Our retrospective study eva-
luates the effectiveness and safety of a 3D-printed 
coplanar template for iodine-125 seed implantation the-
rapy in patients with pancreatic cancer. The template 
was designed and printed according to a preoperative 

computed tomography scan. Under 3D-printed template 
guidance, the postoperative dosimetric parameter was 
better than that obtained with traditional free-hand 
implantation.

Huang W, Lu J, Chen KM, Wu ZY, Wang QB, Liu JJ, Gong 
J, Chen ZJ, Ding XY, Wang ZM. Preliminary application of 
3D-printed coplanar template for iodine-125 seed implantation 
therapy in patients with advanced pancreatic cancer. World J 
Gastroenterol 2018; 24(46): 5280-5287   
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5280.htm  
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5280

INTRODUCTION
Pancreatic cancer is one of the most common and 
lethal malignant digestive neoplasms. The incidence 
and mortality of pancreatic cancer have increased in 
recent years[1], and surgical resection remains the only 
curative treatment for this disease. Unfortunately, only 
10%-20% of patients present with early-stage disease 
at diagnosis and are candidates for surgery[2,3]. For 
most patients with unresectable advanced tumors or 
metastatic disease, gemcitabine-based chemotherapy 
remains the mainstay treatment. Nevertheless, the 
prognosis is poor, and the median survival time from 
diagnosis is less than one year[4,5]. During the course of 
the disease, patients frequently suffer from intractable 
pain due to tumor perineural invasion. This pain can be 
relieved by traditional external radiotherapy in more 
than 50% of patients but with significant systemic side 
effects[6-8]. To reduce these side effects, in previous 
studies, radioactive iodine-125 seeds were implanted 
as a radiation source in pancreatic lesions under com-
puted tomography (CT) guidance, and this approach 
demonstrated efficacy for local tumor control and pain 
relief[9-11]. However, the deep retroperitoneal location of 
the pancreas, as well as the surrounding bowel loop and 
adjacent blood vessels, precludes equidistant insertion of 
parallel needles, which leads to inconsistent dosimetric 
parameters before and after implantation. The individual 
template guidance technique, which can enhance the 
accuracy of radioactive iodine-125 seed implantation 
and simplify operation procedures, has been developed 
for the treatment of superficial malignant tumors[12]. 
Nevertheless, for profound organs, the effectiveness and 
safety of individual template-assisted implantation are 
not clear. In this study, we attempted to improve the 
accuracy of iodine-125 seed implantation for pancreatic 
cancer treatment using a 3D-printed coplanar template 
to assist needle insertion. The dosimetric parameters and 
complications were assessed.

MATERIALS AND METHODS
Patients
The study was approved by the institutional review 
board, and all subjects signed an informed consent form.
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From January 2014 to December 2017, 25 patients 
with unresectable advanced pancreatic carcinoma were 
treated with iodine-125 seed implantation. Of these, 12 
implantations were assisted by a 3D-printed coplanar 
template (group A), and the remaining 13 implantations 
were performed without template guidance and selected 
as a control group (group B). Patient characteristics are 
listed in Table 1.

The criteria for enrollment included the following: (1) 
histological diagnosis of pancreatic adenocarcinoma by 
CT-guided fine needle aspiration before implantation; 
(2) contraindications to surgical resection; (3) Eastern 
Cooperative Oncology Group (ECOG) score ≤ 2; (4) 
neutrophil leukocyte ≥ 3 × 109/L, platelets ≥ 70 × 
109/L, and hemoglobin ≥ 90 g/L in peripheral blood; 
(5) prothrombin index (PI) greater than 50% and partial 
thromboplastin time (PTT) less than 50 s; (6) liver and 
kidney functions within normal ranges; (7) absence of 
systemic infection or focal infection on the designed punc-
ture route; and (8) absence of refractory ascites.

Preoperative CT examination and treatment planning
All abdominal multidetector computed tomography 
(MDCT) scans were performed on a 64-slice multi-
detector-row CT scanner (Lightspeed 64; GE Medical 
Systems, Milwaukee, WI, United States) using the 
conditions 120 kV and 250 mA. All axial CT images were 
obtained when the patient held their breath, and after 
the initial administration of contrast materials, the scan 
delay times were 30 to 35 s for the early arterial phase 
and 65 to 70 s for the portal venous phase (Omnipaque 
300 or 350; Amersham, Shanghai, China) at a flow 
rate of 3.0 L/s. The images were acquired at 5-mm slice 
thicknesses and sent to the treatment planning system 
(TPS Astro technology Ltd. Co., Beijing, China). The 
iodine-125 seed (XinKe Pharmaceutical Ltd., Shanghai, 
China) was 0.8 mm × 4.5 mm (diameter × length) with 
a radioactivity of 0.6 mCi and radioactive half-life of 59.6 d. 
The prescription dose for the target pancreatic areas was 
set at 140 Gy. The puncture route and iodine-125 seed 
distribution were designed according to the dosimetric 

parameter calculated by TPS.

Puncture trajectory choice
The puncture trajectory, which includes the entry point, 
angle, and direction of the implantation needles, was de-
signed based on the location and depth of the pancreatic 
tumor and the structures adjacent to the tumor. Accor-
ding to the severity of complication outcomes using the 
Society of Interventional Radiology (SIR) classification[13], 
the peripancreatic organs and structures were divided 
into high- and low-risk groups. The high-risk group in-
cluded the abdominal aorta and its first or second bran
ches, the portal vein trunk, and the colon. These struc-
tures should be prioritized during puncture route design 
to avoid any injury during implantation and to prevent 
massive bleeding and abdominal infection. The low-
risk group included the liver, kidney, stomach, intestine, 
and mesenteric vein branches. These structures were 
penetrated to meet the dosimetric requirement when no 
other alternative puncture routes existed.

3D-printed coplanar template preparation
For group A, the template was made of polymethyl 
methacrylate (PMMA). Its shape and size were designed 
and printed based on the entry point and puncture angle. 
The preset puncture holes were 1.5 mm in diameter with 
5-mm intervals. These holes were parallel to each other 
in 3D space, namely, the 3D-printed coplanar template.

Patient preparation
Patients adhered to a low-residue diet for 3 d, fasted for 
24 h and took oral laxatives 12 h prior to the procedure 
to decrease intestinal volume. Pancreatic secretion was 
inhibited with somatostatin 24 h before the operation. 

Iodine-125 seed implantation
All iodine-125 seed implantations were performed under 
CT guidance by three interventional radiologists with 
14-30 years of interventional experience. The CT image 
acquisition protocol was the same as that described 
above. The scan area included the whole pancreatic 
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Characteristic Group A Group B

Sex, n (%)
   Male 6 (50) 6 (46.2)
   Female 6 (50) 7 (53.8)
Age, yr
   Median (range) 65.5 (48-81) 63.8 (47-84)
Location of lesions, n (%)
   Pancreatic head 11 (92) 9 (69.2)
   Pancreatic body and tail 1 (8) 4 (30.8)
Lesion size, n (%)
   ≤ 3 cm 1 (8.3) 3 (23.1)
   3-5 cm 10 (83.3) 9 (69.2)
   > 5 cm 1 (8.3) 1 (7.7)
Stage, n (%)
   Ⅲ 7 (58.3) 8 (61.5)
   Ⅳ 5 (41.6) 5 (38.5)

Table 1  Patient characteristics

Huang W et al . 3D-printed template-assisted pancreatic cancer brachytherapy
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dosimetry was calculated according to the needle position 
(Figure 2). The iodine-125 seeds were then implanted 
if the dosimeter results matched the preoperative plan. 
Additional needles were inserted, preferably through 
the 3D-printed coplanar template, if a cold spot was 
detected. The needle position was adjusted freehand 
if traversing high-risk organs was inevitable using the 
template. For group B, the implantation procedure was 
performed freehand, i.e., without a template. For all 
patients, a CT scan was carried out after iodine-125 seed 
implantation to evaluate the iodine-125 seed position 
and complications.

tumor. The patient was positioned based on the planned 
access trajectory. For group A, after skin disinfection and 
local anesthesia with 2% lidocaine, a 3D-printed coplanar 
template was placed on the patient skin entry point 
using a supporting structure that could be adjusted to 
different angles. The 18-G implantation needles (HAKKO 
Co., Ltd. Nagano, Japan) were inserted into the lesions 
through the puncture holes on the coplanar template 
(Figure 1). The procedure was discontinuous, and the 
needle direction and parallelism were controlled under CT 
guidance every 2-3 cm of insertion depth. The CT images 
were sent to TPS after all needles were placed. The 

A B C

Figure 1  3D-printed coplanar template appearance. A: A 3D-printed coplanar template was located on the patient’s skin at the entry point. The implantation 
needles were inserted into the lesions through the puncture holes. B: The computed tomography manifestation of the 3D-printed coplanar template (arrowhead). C: 
The position of the implantation needles (arrowhead) and iodine-125 seeds (arrow)

Figure 2  The procedure for 3D-printed coplanar template-assisted iodine-125 seed implantation and dosimeter analysis. A: Preoperative computed 
tomography demonstrated a pancreatic uncinate process carcinoma. B: A preoperative treatment planning system was used to program the puncture route and 
iodine-125 seed distribution. The pseudo green color indicated the designed V90 area, and the red points were the ideal iodine-125 seed position. C: With 3D-printed 
coplanar template assistance, the implantation needles were inserted in a parallel fashion into the lesion to avoid vessels and traversing the intestine. D: Postoperative 
dosimeter analysis demonstrated the V90 area (green color region) covering the entire tumor.

A B

C D
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Postoperative dosimeter
Dosimetric verification was performed after implantation, 
and the postoperative CT images were sent to TPS to 
calculate the D90, V90, V100, and V150.

Chemotherapy
Chemotherapy was performed 1 wk after the implan-
tation in all patients in groups A and B. Patients received 
an intravenous infusion of gemcitabine at 1000 mg/m2 
on days 1, 8, and 15. The chemotherapy was repeated 
every 4 wk for up to six cycles.

Statistical analysis
Using SPSS 19.0 software, quantitative indicators before 
and after the operation were compared using the paired 
t-test, and dosimeter differences between groups A and 
B were compared using the independent sample t-test. 
A P-value of less than 0.05 was defined as statistically 
significant.

RESULTS
For all patients in groups A and B, iodine-125 seeds were 
successfully inserted into all pancreatic tumors. The pre-
operative and postoperative dosimetric data are listed 

in Table 2. The differences in dosimetric data between 
groups A and B are listed in Table 3.

For group A, the median pre- and postoperative D90 
values were 155.32 ± 8.05 Gy and 154.82 ± 16.43 Gy, 
respectively; the difference between the values was 
minimal and not statistically significant (P = 0.91). The 
postoperative V90, V100, and V150 values were 94.64% 
± 2.35%, 91.05% ± 4.06%, and 64.54% ± 13.40%, 
respectively. Among these, V90 and V100 were slightly 
lower than planned but higher than those of group B, 
and the difference was statistically significant (P = 0.00).

No major procedure-related complications (pan-
creatitis, pancreatic leakage, digestive perforation, or 
severe hemorrhage) were observed. For group A, mild 
hemorrhage was observed in 1 patient with a peritoneal 
local hematoma duo to mesenteric vein injury (Figure 
3A). This patient did not present any hemorrhage symp-
toms, and blood erythrocytes and hemoglobin levels re-
mained normal. The hematoma resolved spontaneously 
without treatment. No complications occurred in group B. 
The postoperative blood amylase level remained within 
the normal range in all patients and slightly decreased 
compared with the preoperative level (41.3 ± 17.8 U/L 
vs 48.0 ± 25.0 U/L).

For group A, iodine-125 seed migration in the lesion 

Group A Group B

Dosimeter Preoperative Postoperative P  value Preoperative Postoperative P  value
D90 (Gy) 155.32 ± 8.05 154.82 ± 16.43 0.91 154.2 ± 9.08 103.27 ± 25.03 0.00
V90 (%)   97.14 ± 0.93 94.64 ± 2.35 0.01 97.17 ± 0.95   78.91 ± 12.71 0.00
V100 (%)   94.51 ± 1.61 91.05 ± 4.06 0.02 94.94 ± 1.05   72.91 ± 13.78 0.00
V150 (%)     59.26 ± 15.42   64.54 ± 13.40 0.36 62.44 ± 8.66   48.16 ± 15.97 0.02

Table 2  Preoperative and postoperative dosimetric data

Postoperative dosimeter Group A Group B t P  value

D90 (Gy) 154.82 ± 16.43 103.27 ± 25.03 6.132 0.13
V90 (%) 94.64 ± 2.35   78.91 ± 12.71 4.38 0.00
V100 (%) 91.05 ± 4.06   72.91 ± 13.78 4.54 0.00
V150 (%)   64.54 ± 13.40   48.16 ± 15.97 2.765 0.44

Table 3  Differences in postoperative dosimeter values between group A and group B

A B

Figure 3  Hemorrhage post-procedure and iodine-125 seed migration in the lesion. A: Peritoneal hematoma (arrow) due to mesenteric vein injury. B: Iodine-125 
seed migration in the pancreatic head lesion.

Huang W et al . 3D-printed template-assisted pancreatic cancer brachytherapy
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was observed in 1 patient due to tumor liquefactive 
necrosis (Figure 3B). Although the seed showed a 5-mm 
shift from its initial position, the movement did not in-
fluence the radioactive dose in the target area.

DISCUSSION
Iodine-125 seed implantation has been proven to be 
a safe alternative treatment for advanced pancreatic 
cancer[10,14,15]. Pancreatic cancer cells have been shown 
to be sensitive to continuous, low-energy iodine-125 
seed irradiation in ex-vivo studies[16,17]. In our previous 
study, tumor growth and patient pain were significantly 
suppressed by this treatment[9]. As a type of brachy-
therapy, the effectiveness of iodine-125 seed implan-
tation depends on the dose in the target area, which 
is influenced by seed distribution[18]. However, the 
pancreas is a retroperitoneal organ adjacent to many 
vulnerable organs, and freehand placement of pancreatic 
implantation needles in a parallel and equidistant arrange-
ment is difficult. Therefore, maintaining seed distribution 
according to preoperative planning to prevent radiation 
cold spots is difficult.

In the clinic, a template is used to assist implantation 
and ensure the iodine-125 seed distribution accuracy. 
With the aid of a template, parallel and equidistant im-
plantation needles can be maintained during insertion. 
However, the traditional template has limitations: the 
puncture angle is vertical relative to the patient’s skin, 
and changing the angle during the procedure is difficult. 
Thus, this method is more suitable for tumors in super-
ficial organs, such as prostate and cervical tumors, than 
profound organs. For pancreatic cancer, the direction and 
distance between the puncture holes on the template 
should be designed according to individual anatomic 
characteristics to create a variable puncture angle. There-
fore, in our study, we attempted to use 3D-printing tech-
nology to make a template that is suitable for pancreatic 
tumor iodine-125 seed implantation.

In recent years, 3D-printing technology has increa-
singly been applied in medicine, especially in the do-
mains of orthopedics and maxillofacial and vascular 
surgery[19-22]. According to preoperative CT data, a high-
precision 3D model can be printed and used to make 
the morphology of an implantation material conform to 
individual anatomy[20,23-26]. This technology has also been 
preliminarily applied in template preparations for neck, 
pulmonary, abdominal, and pelvic tumor iodine-125 
seed implantation, and the postoperative dosimetry was 
consistent with treatment planning[12,27,28]. 

There are two types of 3D-printed templates: nonco-
planar and coplanar. Noncoplanar templates closely 
adhere to the patient’s skin, and the entry route and 
angle are fixed. Thus, deviation is limited, and the punc
ture accuracy is high. Nevertheless, the entry direction is 
difficult to change during the procedure, so this template 
is more suitable for immobile organs[12]. A coplanar 
template is located 2-3 cm above a patient’s skin; its 
accuracy is lower than that of a noncoplanar template, 

but the angle of the puncture direction can be changed 
so that the entry direction can be adjusted according 
to the real-time position of the organ. This method is 
convenient for mobile organs.

The pancreas is adjacent to the digestive tract and 
mesenteric vessels, and the morphology and position of 
which can easily change. The actual puncture route might 
not be completely consistent with the preprocedure plan. 
Therefore, in our study, we used a coplanar template 
to guide the implantation needle because the direction 
can be slightly changed during the procedure to reduce 
vessel and digestive tract damage.

Before iodine-125 seed implantation, a low-residue 
diet, fasting, and oral laxatives were applied before the in-
tervention to decrease digestive tract volume and enlarge 
the interspace for the puncture target. Furthermore, slow 
and gradual needle advancement may keep the digestive 
tract from the needle tip and avoid perforation.

However, the deep location of pancreatic tumors, 
as well as the surrounding intestinal loop, sometimes 
precludes direct needle insertion. Traversing the 
gastrointestinal tract is inevitable for iodine-125 seed 
distribution according to the preprocedure plan, and 
preoperative bowel preparation helps reduce traversing 
complications. According to previous pancreatic biopsy 
studies, transgastrointestinal tract or solid visceral 
approaches are suitable and safe[29,30]; thus, in our study, 
these methods were considered for low-risk organs and 
as options when no other alternative puncture route 
existed. The abdominal aorta and its first or second 
branches, the portal vein trunk, and the colon were 
considered high-risk organs, and trans-high-risk organ 
needle implantation was avoided in our study to prevent 
severe hemorrhage and bacterial peritonitis. However, 
radiation cold spots might be present when trans-high-
risk organ targets are abandoned. This issue can be 
detected by intraprocedure dosimetry measurements 
and correlated by adding an additional implantation 
needle that is not parallel to the needles passing through 
the template.

In our study, iodine-125 seed implantation for all 
12 patients with pancreatic cancer was successfully 
performed under the guidance of a 3D coplanar template. 
The majority of implantation needles were parallel and 
equidistant. The difference in pre- and postoperative 
D90 values was minimal and not statistically significant. 
The levels of V90 and V100 were slightly lower than 
planned, and the reasons for this might include the 
following: (1) altered location and morphology of the 
pancreatic lesion due to the presence of implantation 
needles; and (2) the presence of an intratumor necrosis 
area into which the iodine-125 seeds might migrate due 
to gravity. Nevertheless, the position of the iodine-125 
seeds changed only slightly, and the average post-
operative V100 was still greater than 90% and likely did 
not influence prognosis. The dose of the 3D coplanar 
template guide group exceeded that of the control group.

No major complications occurred in our study. Al-
though the number of implantation needles was more 
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than that used for a pancreatic biopsy, the risk did 
not seem to be higher. The complication rate for core-
needle pancreatic biopsy ranges from 8.7%-21.8%[30-32]. 
One patient presented with a local hematoma due to 
mesentery vessel injury, which was self-limiting and 
not clinically significant. The serum amylase level de-
creased after implantation in most patients according 
to the preventive use of somatostatin, which can inhibit 
pancreatic juice secretion and reduce hemorrhage risk by 
decreasing the portal vein pressure[33,34].

In conclusion, according to our study, 3D-printed co-
planar template-assisted iodine-125 seed implantation 
therapy appears to be safe and effective and may 
improve the implantation accuracy and similarity be-
tween the postoperative dosimetric parameters and 
treatment planning values. The key limitations of our 
study include the small sample size and short follow-
up period. However, the endpoints of the study included 
dosimeter and safety results. The long-term curative 
effect and complications associated with this approach 
will be evaluated in a future study.

ARTICLE HIGHLIGHTS
Research background
Patients with advanced pancreatic cancer frequently suffer from intractable pain 
secondary to tumor perineural invasion. This pain can be relieved by traditional 
external radiotherapy but with significant systemic side effects. To reduce 
these side effects, in previous studies, radioactive iodine-125 seeds acting as 
the source of radiation were implanted in pancreatic lesions under computed 
tomography (CT) guidance, and this approach demonstrated efficacy for local 
tumor control and pain relief. However, the special location of the pancreas and 
fragile adjacent organ increase implantation difficulty and lead to inconsistent 
dosimetric parameters before and after implantation. 

Research motivation
3D-printed template is a new iodine-125 seed implantation guidance tool, which 
can improve implantation accuracy and radiotherapy dosimeters in superficial 
organs. However, few studies have sufficient information on its application 
in profound organs, especially the pancreas. As the pancreatic dosimetric 
parameters are unsatisfactory by using the traditional free hand way, 3D-printed 
template might be an applicable guidance tool.

Research objectives
The main objective of our study was to evaluate the efficacy and safety 
of this new guidance tool in the treatment of advanced pancreatic cancer. 
The preliminary results demonstrated that the procedure is safe and the 
brachytherapy dosimeters are better in the 3D-printed template group.

Research methods
In this retrospective study, 25 patients with advanced unresectable pancreatic 
carcinoma were treated with iodine-125 seed implantation. Of these, 12 
implantations were assisted by a 3D-printed coplanar template (group A), and 
the remaining 13 implantations were performed without template guidance 
and selected as a control group (group B). For group A, the template was 
made of polymethyl methacrylate (PMMA). Its shape and size were designed 
and printed based on the entry point and puncture angle. All procedures were 
performed under CT guidance. The postoperative CT images were sent to TPS 
to calculate the D90, V90, V100, and V150. For both groups, the dosimetric 
data were collected and compared. Standard chemotherapy was performed in 
all patients 1 week after the implantation.

Research results
Iodine-125 seeds were successfully inserted into all pancreatic tumors in 
groups A and B. For group A, the median pre- and postoperative D90 values 

were 155.32 ± 8.05 Gy and 154.82 ± 16.43 Gy, respectively; the difference 
between the values was minimal and not statistically significant (P = 0.91). The 
postoperative V90, V100, and V150 values were 94.64% ± 2.35%, 91.05% ± 
4.06%, and 64.54% ± 13.40%, respectively. Among these, V90 and V100 were 
slightly lower than planned, and the reasons for this might include the following: 
(1) altered location and morphology of the pancreatic lesion due to the presence 
of implantation needles; and (2) the presence of an intratumor necrosis area 
into which the iodine-125 seeds might migrate due to gravity. Nevertheless, 
the position of the iodine-125 seeds changed only slightly, and the average 
postoperative V100 was still greater than 90% and likely did not influence 
prognosis. The dose of the 3D coplanar template guide group exceeded that of 
the group B, and the difference was statistically significant (P = 0.00). No major 
procedure-related complications were observed. For group A, mild hemorrhage 
was observed in 1 patient with a peritoneal local hematoma duo to mesenteric 
vein injury. 

Research conclusions
According to our study, 3D-printed coplanar template-assisted iodine-125 
seed implantation therapy appears to be safe and effective and may improve 
the implantation accuracy and similarity between the postoperative dosimetric 
parameters and treatment planning values. 3D-printed coplanar template 
may be an ideal assistive tool for the iodine-125 seed implantation not only in 
superficial organs but also in profound organs, e.g., the pancreas.

Research perspectives
The key limitations of our study include the small sample size and short follow-
up period. However, the endpoints of the study included dosimeter and safety 
results. The long-term curative effect and complications associated with this 
approach will be evaluated in a future case-control prospective study.
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