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A new technique for trans-
perirectal iodine-125 seed
implantation in prostatic cancer
guided by CT and 3D printed
template: Two case reports

Xuemin Di, Hongtao Zhang*, Xiaoli Liu, Jinxin Zhao,
Zhen Gao, Huimin Yu, Xiaohua Su, Yansong Liang
and Juan Wang

Department of Oncology, Hebei General Hospital, Shijiazhuang, China
Low-dose-rate prostate brachytherapywith permanent iodine-125 is an important

curative treatment for low-risk prostate cancer, and it has been demonstrated that

brachytherapy with permanent seeds is an effective treatment. However,

differences in prostate volume, spatial location, and gland deformation between

images obtained in the pre-planning phase and those obtained during the

implantation procedure affect accurate delivery of the pre-planned dose.

Furthermore, the complicated procedure could be a burden to elderly patients,

for example, the risks associated with general anesthesia. In addition, ultrasound

images are not as clear as computed tomography (CT) images with regard to

identifying the location of seeds. Therefore, a newmethod for guidance during the

procedure is urgently needed. Here, we have described a newmethod for precise

trans-perirectal insertion of radioactive iodine-125 seeds in patients with prostate

cancer under the guidance of CT and a 3D-printed template. These are some of

the advantages of this technique over the standard procedure for seed

implantation in the prostate: It requires only local anesthesia, the pre-planning

phase can be completed before the procedure, and the operation time is

considerably shorter. This report describes trans-pararectal iodine-125 seed

brachytherapy for prostate cancer under local anesthesia and the guidance of a

3D printed template in two elderly patients. The dose parameters determined in

the preoperative planning phase were verified postoperatively and found to be

consistent. Further, the procedure was completely successfully with no major

complications in both cases, and the patients’ prostate-specific antigen levels were

normal at the most recent follow-up conducted 50 months after the procedure.

Therefore, this technique seems promising for prostate cancer brachytherapy, and

its application needs to be researched and extended further in the future.
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Introduction

Brachytherapy for prostate cancer has rapidly been gaining

popularity in the USA (1–4) as an effective and safe treatment for

localized prostate cancer. In one study that examined treatment

for early-stage prostate cancer in the USA, brachytherapy was

found to be a component of treatment in 36% of the cases (5). In

1917, Barringer introduced interstitial implantation of radiation

needles in patients with prostatic cancer as a new therapeutic

modality (6). The needles were inserted transperineally and were

guided by the placement of a finger in the rectum. In 1972,

Whitmore introduced the implantation of iodine-125 seeds into

prostatic cancer, and this modality has been receiving increasing

interest since then (7).

One of the main disadvantages of brachytherapy is that larger

extracapsular tumors with ill-defined margins may not be

irradiated adequately; in addition, regional lymphatics may not

be irradiated either. Furthermore, with the standard free-hand

technique, it is difficult to obtain satisfactory even distribution of

the seeds in the gland. Another limitation is that the conventional

surgical implantation technique carries inherent risks. Over the

years, the procedure for prostate cancer brachytherapy has

undergone various modifications. For example, Holm described

an ultrasonically guided percutaneous implantation technique in

1983 (7). However, even with this procedure, it is difficult to

achieve even distribution of seeds and avoid the risks associated

with surgery. In 1990, Holm developed the seed implantation

technique further by combining it with transverse and

longitudinal scanning (8). In the late 1980s, Ragde from Seattle

performed this technique in the USA, and since then, Blasko,

Routman, and others have treated numerous patients, refined the

technique, taught many courses, and published extensively on this

technique (9–12). They have obtained very promising prostate-

specific antigen (PSA)-based results that are favorable and

comparable with those of radical prostatectomy and external

beam radiation for the treatment of prostatic cancer. Thus,

there is ample evidence in the literature for the benefits of

ultrasound imaging-guided brachytherapy.

Although the implantation of seeds under ultrasound

guidance is recognized as a standard treatment, it does have

certain drawbacks. For example, between January 1999 and

December 2012, a total of 346 medical events related to prostate

seed implants were reported to the Nuclear Regulatory

Commission or agreement states. Out of the 346 reported

medical events, 104 were associated with seed or needle

misplacement and led to the administration of excessive doses

to normal tissues or organs (13, 14). This type of seed

misplacement is an inherent drawback of the standard implant

method, but it can be avoided with the use of imaging techniques

such as computed tomography (CT). In 1998, Koutrouvelis first

reported CT-guided prostate seed implantation. Compared to

standard ultrasound-guided brachytherapy, the CT-guided

approach allows for the treatment of prostate glands that are
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larger than 60 cm3 (15). With the CT-guided approach, there is

no interference by the pubic arch. Therefore, this method can be

used in cases where reduction of prostatic volume with hormone

manipulation is not effective. With CT-guided seed implantation

in the trans-ischiorectal space, it has been reported that the

maximum deviation from the prescribed radiation dose is less

than 10% and no seeds are implanted outside the target volume.

Further, with high-resolution CT imaging, needles, seeds, and

urethra can be identified with a Foley catheter, and this decreases

the likelihood of urethral penetration and placement of the seeds

in the wall of the urethra and bladder. In addition, the use of a

plane template along with CT and magnetic resonance imaging

(MRI) to guide particle implantation is an ongoing subject of

research (16, 17). However, according to Koutrouvelis’s study on

the use of parallel needles, even with these imaging techniques, it

is difficult to ensure conformity of the dose cover while

simultaneously lowering the dose delivered to the urethra.

Furthermore, there are other drawbacks such as the need for a

greater number of needles and rectal injuries (15).

With the development of three-dimensional (3D) printing

technology, the application of 3D-printed templates for guidance

in prostate cancer brachytherapy has come to light. In our previous

study, we found that with the help of a 3D-printed template,

needles can be accurately inserted into the target according to the

preoperative plan and blood vessels and bones can be avoided (18,

19). The distribution of the radioactive seeds was more confined to

the tumor, and therefore, this method could provide better

compatibility with the dosimetric requirements. After the

promising results obtained with the application of the 3D

printed template in pelvic cancer, we successfully implanted the

radioactive seeds in a patient with prostate cancer to provide a dose

boost after radiotherapy under the guidance of a 3D-printed

template (20). Following in the success of our previous

treatments, in the present study, we report the successful

application of 3D printed templates to trans-pararectal iodine-

125 seed brachytherapy for prostate cancer in two elderly patients.

This is a new technique for the insertion of seeds in brachytherapy

for prostate cancer, and we believe the findings from these cases

would be useful for the future application of this technique to

prostate cancer brachytherapy.
Case representation

Case report 1

A 62-year-old male patient with prostate adenocarcinoma

(stage cT4N1M0) was admitted to our hospital on June 12, 2018.

The patient had previously been pathologically diagnosed with

prostate acinar adenocarcinoma (Gleason score, 3 + 4 = 7) in

November 2015, and had received radiotherapy and endocrine

therapy. The endocrine therapy included bikaluamide tablet (50

mg orally, once a day) and goseraline acetate sustained-release
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implant (3.6 mg, subcutaneously injected once every 28 d). Two

months later, the PSA decreased to 4.4 ng/ml from the baseline

level of 12.75 ng/ml. In September 2017, the patient’s PSA was

4.19 ng/ml, and the treatment regimen was changed to oral

flutamide 250mg three times a day only. In March 2018, the PSA

increased to 10.06 ng/mL, and MRI revealed an enlarged

prostate tumor involving the seminal vesicles. The patient

received radiotherapy at a prescribed dose of 66 Gy/33 f/2

Gy.CTV: prostate and all seminal vesicles and invaded bladder

wall; PTV: CTV is put out for 1cm, and put out for 5mm in the

rectum direction. Preventive irradiation of lymph node drainage

area (including total iliac, internal iliac, external iliac, obturator,

presacral), with the dose of 50Gy/25f, and the dose of 60Gy/30f

for external iliac lymph node metastasis.However, after 30

sessions of radiotherapy at a dose of 60 Gy, the patient could

not tolerate the rectal side effects of radiotherapy. Therefore,

radiotherapy was discontinued. With regard to the history of the

patient, he had been diagnosed with coronary atherosclerotic

heart disease and anterior myocardial infarction 2 years ago.

Digital rectal examination revealed that the texture of the

anterior wall of the rectum was slightly hard, and the prostate

was hard to touch. The prostate was slightly enlarged, and the

boundary of the tumor was not clear. Further, no obvious

nodules were palpable. MRI revealed involvement of bilateral

seminal vesicles and the posterior wall of the bladder. The serum

PSA concentration was 10.16 ng/mL. Anesthesiology evaluation

the patient could not tolerate general anesthesia or epidural

anesthesia on account of coronary heart disease. Therefore,

iodine-125 seed implantation based on a 3D-printed template

was performed with the patient under local anesthesia on June

19, 2018. Fifty seeds were implanted, and the preoperative

target volumes were as follows: D90: 51.9 Gy, D100: 25.8 Gy,

V90: 94.9%, V100: 91.8%, V150: 58.7%; rectum: D2cc: 26 Gy;

urethra: D10: 75.2%, D30: 61.8 Gy. Activity was set as 0.3 mCi.

The postoperative target volumes were as follows: D90: 53.4

Gy, D100: 32.2 Gy, V90: 96.9%, V100: 93.6%, V150: 60%;

rectum: D2cc: 21.4 Gy; urethra: D10: 100.7 Gy, D30: 91.5 Gy.

All the dosimetric parameters were consistent with those

determined in the preoperative plan. PSA decreased to 6.93

ng/ml at 2 months after the procedure. During the subsequent

3-year follow-up, the PSA concentration was found to be in the

normal range. The patient died of myocardial infarction in

August 2021 but there was no recurrence of prostate

cancer locally.
Preoperative preparation

One week before the implantation procedure, the patients

were immobilized in a prone position with a vacuum cushion. A

position line was drawn using a CT laser on the skin of the

buttocks, and two marks were made 3–4 cm away on this line.
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An enhanced CT scan was performed in order to obtain an

image series with a slice interval of 5 mm. The preoperative plan

was designed by the physicist with Panther Brachy version 5.0

TPS. The number and distribution of seeds required were

calculated to deliver a minimum peripheral tumor dose of 145

Gy. The surface of the patient’s buttocks, the template to be

printed, and needle coordinates were reconstructed in Prowess

TPS (Figure 1). Following this, the 3D printing output file was

generated and the 3D template was printed (Figure 2). One day

before implantation, the 3D-printed template was disinfected

and sterilized.
Procedure

During the operation, the vacuum cushion was used to fix

the patient in the prone position used during the preoperative

planning (by referring to the photograph taken of the patient in

the immobilized position). The CT laser line was aligned with

the line drawn on the surface of the patient’s skin preoperatively.

After sterilization of the skin, the disinfected 3D-printed

template was secured on the patient’s body surface based on

the markers attached. A CT scan was performed to confirm that

the template position was correct, and then the needles were fed

into the tumor target based on the position of the template holes

(Figure 3). After all the needles were inserted, a CT scan was

performed again to confirm the position of the needles

(Figure 4). After it was confirmed that all the needles were in

the right position according to the preoperative plan, the

radioactive seeds were implanted. Postoperative verification of

the dose was also performed with CT (Figure 5). DVH was

performed after operation and compared with that before

operation (Figure 6).
Case report 2

A 75-year-old male patient who presented with prostate

adenocarcinoma (stage cT2aN0M0) was admitted to our

hospital on May 31, 2018. The pathological diagnosis was

prostate acinar adenocarcinoma (Gleason score, 3 + 4 = 7),

and the PSA values were as follows: total PSA, 11.99 ng/m1; free

PSA, 1.55 ng/mL; free/total PSA, 0.13. The patient had a history

of Grade III hypertension (blood pressure, up to 200/100 mm

Hg) for more than 7 years. Digital rectal examination revealed an

enlarged prostate (degree I), a palpable fovea, hard texture of the

right side of the lobe, and palpable small nodules. MRI

examination demonstrated a central prostate lobe nodule that

carried the possibility of prostate cancer. The patient was in the

medium-risk group for prostate cancer but refused surgery and
frontiersin.org
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FIGURE 2

Design and print of an individualized 3D template according to the preoperative plan.
FIGURE 1

Three-dimensional reconstruction of targets, organs at risk, needle channels, and templates on TPS.
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FIGURE 4

Preoperative design. The needle path is planned and particles are loaded to calculate the isometric line distribution. Further, the puncture
needle path was accurately implemented during the procedure.
FIGURE 3

Setting of the template and insertion of the particle needles.
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external radiotherapy. Therefore, iodine-125 seed implantation

with the help of a 3D-printed template was performed under

local anesthesia on June 28, 2018, and 58 seeds were implanted.

The preoperative target volumes were as follows: D90: 148 Gy,

D100: 88.5 Gy, V90: 94.6%, V100: 91.5%, and V150: 49.1%.

Activity was set as 0.45 mCi. The postoperative target volumes

were as follows: D90: 150 Gy, D100: 99.9 Gy, V90: 96.4%, V100:
Frontiers in Oncology 06
91.7%, and V150: 51% (Figure 6). All the parameters were

consistent with the preoperative plan, and the PSA values at 1

month after the implantation were as follows: total PSA, 0.63 ng/

m1; free PSA, 0.102 ng/mL; free/total PSA, 0.16. The patient

continued to take bicalutamide 50mg once a day regularly 6

months after the procedure. After that, the patient stopped

taking medicine by himself, During the subsequent 4-year
FIGURE 5

Images showing particle positions. Particle positions according to the preoperative plan and the postoperative image basically coincided.
FIGURE 6

DVH plots before and after surgery. Comparison of the plots indicated that the postoperative dose parameters met the requirements of the
preoperative plan.
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follow-up, the PSA concentrations remained in the normal

range. The patient is still alive.

Results

The procedure was successfully completed in the two cases

described above. In one case, the prostate volume was 62.8 cm3,

and 50 seeds were implanted by accurate positioning of 13

needles into the prostate. In the second case, the prostate

volume was 33.9 cc, and 58 seeds were implanted by accurate

insertion of 14 needles. Slight soft tissue hemorrhage was noted

in one case, but it resolved spontaneously without the need for

special treatment. Hematuria was detected in the second patient,

but it disappeared on the third day after the procedure. No seed

migration or passing of seeds was observed. As of now, the

patients have been followed up for 50 months, and their PSA

levels have been normal over this follow-up period. Further, no

local recurrence has occurred, and SPECT showed that the

radioactive concentration of particles basically covered the

target area. (Figure 7)

Discussion

The aim of our case report is to describe a new technique for

the insertion of seeds in brachytherapy for patients with prostate

cancer. In both cases, brachytherapy was successfully completed

with the technique using a 3D-printed template under CT

guidance. Only a couple of minor complications occurred, but

they resolved spontaneously without the need for additional

treatment. The patients’ PSA levels were normal at the last

follow-up, which was conducted 50 months after the procedure.

Importantly, postoperative examination confirmed that the

needles were accurately placed according to the preoperative

plan, and the postoperative and preoperative dosimetric

parameters showed correspondence.

In our previous study conducted in 2015, 3D printed template

was combined with seed implantation for the first time, and our
Frontiers in Oncology 07
findings were reported in Chinese for the first time in March

2016[19]. In this study, a patient with recurrent rectal cancer near

the prostate successfully underwent seed implantation under the

guidance of a 3D printed template through the perirectal pathway.

With the guidance of the 3D printed template, the needle can be

inserted into the tumor at any angle while simultaneously

avoiding injury to normal tissues. After 2016, many publications

have demonstrated the accuracy of needle insertion under the

guidance of the 3D printed template (21–24). Based on these

published findings, we used this technique to treat the present two

cases of prostate cancer in which radiotherapy could not be

completed because of rectal complications. Based on the

findings of the present cases and previously reported ones, the

advantages of this technique over the standard procedure for seed

implantation in the prostate are as follows. (1) Patients can

undergo the procedure in the prone position, which is

comfortable and lowers the risk of thrombosis of the lower

limb. (2) Patients with heart disease who have intolerance

towards general anesthesia can be treated under local anesthesia.

(3) The time-consuming preoperative plan is completed before

the procedure, so the operation time is considerably shorter. (4)

Implantation of seeds outside of the prostate can be avoided under

CT guidance. (5) As the number of needles required is reduced,

the risk of complications associated with needle insertion is

reduced. (6) Seeds can be inserted more precisely and

distributed more evenly than with the standard technique. (7)

The preoperative plan can optimize the dose during the procedure

and, thereby, guarantee adequate dose distribution. (8)

Postoperative dose verification can be completed before the

needles are pulled out, and more seeds can be implanted

immediately if the dose is not sufficient. (9) Prostate tumors of

large volume can be treated. Despite these evident advantages of

the technique, more clinical research is required to verify whether

this procedure can improve the results of brachytherapy for

prostate cancer.

Although there are still some issues with this new method,

such as the time-consuming preoperative planning and design

phase, the skills required for 3D printed template reset, and
FIGURE 7

After 1 month of re-examination, no change was observed in tumor size, and SPECT showed that the radioactive concentration of particles
basically covered the target area.
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needle path deviation due to the long puncture path, any new

technique requires a learning curve. Even with the above

disadvantages, this procedure has obvious advantages over the

traditional one. First, the indications for this procedure are

extensive, and it can be applied to a wide variety of cases.

Second, the use of local anesthesia is beneficial for patients

with abnormal cardiopulmonary function and provides better

intraoperative comfort. Third, this method improves surgical

efficiency, eliminates the need for preoperative preparation

under general anesthesia and special intestinal preparation,

simplifies the surgical process, considerably shortens the

surgical time, and can be completed by any physician with

experience in and knowledge about puncture and CT imaging.

In addition, as the needle passages are planned in advance,

organs such as blood vessels and intestines can be avoided. After

template reduction and fixation, the tumor can be punctured

accurately according to the preoperative plan. In addition, the

number of needle passages required is less than that required

with the traditional method, so the amount of collateral damage

associated with this procedure is low. Thus, overall, this method

seems to be more advantageous than disadvantageous and

warrants further research and application in the future to

confirm the benefits reported in the cases so far, including the

present cases.
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