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Background: The rapid and accurate acquisition of prostate cancer pathological tissue is critical to 
prostate cancer research but has traditionally proven challenging. However, the gradual application of three-
dimensional (3D) modeling in medical practice has overcome many of the related limitations. This cohort 
study aimed to compare the difference between a 3D stereotaxic sampling method and traditional cognitive 
sampling method to clarify the factors affecting sampling.
Methods: An analysis of 111 men who received radical prostatectomy for prostate cancer at The First 
Affiliated Hospital of Soochow University between November 2020 and April 2022 was conducted. The 
positive rate of the cognitive sampling method and the 3D stereotaxic sampling method and their respective 
influencing factors, such as age, body mass index (BMI), prostate-specific antigen (PSA), PSA density (PSAD), 
International Society of Urological Pathology (ISUP) grade, tumor volume, number of positive needles from 
perineal puncture, clinical T stage, and tumor image location, were compared and analyzed, and a cohort 
study was conducted.
Results: Among the 111 patients, there were 57 cases of cognitive sampling and 54 cases of 3D stereotaxic 
sampling. In this study, the positive rate of cognitive sampling was 29.82% (17/57,), and the positive rate 
of 3D stereotaxic sampling was 61.11% (33/54), with the positive rate of 3D stereotaxic sampling being 
significantly higher than that of cognitive sampling (P=0.001). In cognitive sampling, tumor volume [odds 
ratio (OR) =1.10; 95% confidence interval (CI): 1.02–1.20], number of positive biopsy cores (OR =1.30; 95% 
CI: 1.06–1.60), Prostate Imaging Report and Data System (PI-RADS) score (OR =5.54; 95% CI: 1.60–19.12), 
and clinical T stage (OR =2.36; 95% CI: 1.31–4.25) were identified as influencing factors; in 3D stereotaxic 
sampling, these influencing factors were eliminated, with ORs of 1.22 (95% CI: 0.78–1.90), 0.88 (95% CI: 
0.72–1.09), 1.09 (95% CI: 0.62–1.92), and 1.51 (95% CI: 0.86–2.65), respectively, representing a statistically 
significant difference (P<0.05). 
Conclusions: The 3D stereotaxic sampling method can accurately obtain the required prostate cancer 
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Introduction

The acquisition of prostate cancer tissues is an essential 
part prostate cancer research. The methods for obtaining 
prostate cancer tissue in the clinic include puncture biopsy, 
transurethral resection (TUR), and radical prostatectomy, 
but these methods have obvious disadvantages. At present, 
the standard 12-core system puncture biopsy protocol has 
become the mainstream protocol for the initial diagnosis 
and grading of prostate cancer (1). However, the amount 
of prostate cancer tissue obtained through prostate 
puncture biopsy is very small and cannot meet the scientific 
requirements for large projects and multicenter research. An 
increase in the number of core areas (to 18–24 core areas) 
for punctures, in what is termed the saturation puncture 
method, has been proposed for tumor detection (2).  
However, related studies have suggested that increasing the 
number of prostate puncture cores does not significantly 
improve the detection rate of prostate cancer and increases 
the incidence of prostate puncture-related complications, 
such as infection and bleeding (3). Thus, for obtaining a 
sufficient amount of fresh prostate cancer tissues, prostate 
puncture biopsy is not a reasonable choice. The TUR of 
prostate specimens is a common approach for obtaining 
tissues of incidental prostate cancer, but it is not reliable 
for the accurate detection of prostate cancer (4). Currently, 
prostate cancer tissues are more frequently obtained from 
radical prostatectomy specimens. However, unlike gastric 
cancer, bladder cancer, and kidney cancer, which can be 
observed with the naked eye after gross specimen resection, 
prostate cancer is characterized by endogenous infiltration 
and growth that are often scattered in multiple foci and 
generally does not produce cancerous interstitial reactions. 
Therefore, when the specimen is removed, the naked eye still 
cannot distinguish prostate cancer tissue from surrounding 
normal tissues (5). Moreover, the proteomics and RNAomics 
research of prostate cancer has high requirements for the 
freshness and integrity of specimens. A too-long storage time 

and routine pathological specimen preparation process will 
lead to the destruction of RNA and other materials (6), thus 
rendering the desired research impossible.

Multiparametric magnetic resonance imaging (mpMRI) 
improves the detection rate of clinically significant 
prostate cancer and provides valuable information on the 
histopathological aggressiveness of prostate cancer foci (7). 
Drost et al. (8) and Klotz et al. (9) suggested that prostate 
puncture biopsy under the guidance of mpMRI can improve 
the diagnostic accuracy of clinically significant prostate cancer.

The current three-dimensional (3D) technology 
comprises two elements—3D printing technology and 3D 
image modeling technology—and has been well integrated 
into surgical practice and research, with 3D modeling being 
capable of displaying highly intuitive anatomical models (10). 
Shin et al. verified the tumor location of targeted needle 
biopsy through 3D printing models and guided radical 
prostatectomy with nerve preservation (11).

However, the means to initially acquiring tumor tissue 
as accurately as possible from the isolated prostate is still 
lacking. Given the advantages of mpMRI and 3D technology 
for the diagnosis and treatment of prostate cancer, this study 
aimed to develop a specific prostate tumor marking device 
to locate the true boundary of the prostate cancer in fresh 
prostatectomy specimen. In this manner, we sought to obtain 
a sufficient amount of tumor tissue within a short period of 
time. The results of this study will help in more precisely 
obtaining prostate cancer tumor tissue from isolated prostates 
and meet the demand for fresh specimens in prostate cancer 
research. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1820/rc).

Methods

Ethical approval 

This study was conducted in accordance with the 

tissue from the prostate in vitro within a short time, and the factors affecting the positive rate of sampling can 
be eliminated.
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Declaration of Helsinki (as revised in 2013). All patients 
were counseled regarding the risks of the procedure and 
signed an informed consent form that included permission 
to use their clinical data for research. Ethical approval 
was obtained from the Institutional Review Board of The 
First Affiliated Hospital of Soochow University (No. 
[2022]469).

Clinical trial registration

The study was registered in Chinese Clinical Trial Registry 
(ChiCTR2300071287).

Patient recruitment

The study was completed at The First Affiliated Hospital 
of Soochow University (Suzhou, China) from November 
2020 to April 2022. A total of 111 male patients attended 
the hospital for mpMRI examination, prostate biopsy after 
the diagnosis of prostate cancer, and finally laparoscopic 
radical prostatectomy. Among these patients, 57 prostate 
specimens were obtained using the cognitive sampling 
method and 54 were obtained using the 3D stereotaxic 
sampling method. The basic information of all patients 
is shown in Table 1; there was no statistically significant 

Table 1 Baseline characteristics of the patients with prostate cancer enrolled in this study 

Variable Cognitive sampling (N=57) 3D stereotaxic sampling (N=54) P

Age (years) 71±5.8 69±5.7 0.124

BMI (kg/m2), n (%) 0.08

<18.5 1 (1.8) 4 (7.4)

18.5–23.9 27 (47.3) 24 (44.4)

24–28 18 (31.6) 23 (42.6)

>28 11 (19.3) 3 (5.6)

ISUP score, n (%) 0.05

1 1 (1.8) 4 (7.4)

2 18 (31.6) 20 (37)

3 21 (36.8) 21 (38.9)

4 6 (10.5) 6 (11.1)

5 11 (19.3) 3 (5.6)

PI-RADS score, n (%) 0.54

≤3 16 (28.1) 18 (33.4)

4 21 (36.8) 17 (31.5)

5 20 (35.1) 19 (35.1)

Image position, n (%) 0.24

PZ 41 (71.9) 35 (64.8)

TZ 13 (22.8) 10 (18.5)

PZ + TZ 3 (5.3) 9 (16.7)

PSA (ng/mL) 14.9 (7.28–22.48) 10.99 (5.77–20.93) 0.16

PSAD (ng/mL × cm3) 0.23 (0.12–0.48) 0.15 (0.08–0.31) 0.05

Tumor volume (cm3) 1.33 (0.41–7.28) 1.19 (0.77–2.66) 0.65

Data are presented as mean ± standard deviation or median (interquartile range). The ages of patients who underwent cognitive 
sampling and 3D stereotaxic sampling were 71±5.8 and 69±5.7 years, respectively. 3D, three-dimensional; BMI, body mass index; ISUP, 
International Society of Urological Pathology; PI-RADS, Prostate Imaging Report and Data System; PZ, peripheral zone; TZ, transitional 
zone; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density.
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difference between the two groups.

Magnetic resonance imaging (MRI) acquisition and 
preoperative prostate biopsy

All patients underwent MRI with a 3-T MR scanner 
(MAGNETOM Skyra, Siemens Healthineers, Erlangen, 
Germany). An 18-channel body and standard spinal array 
coils were used for signal reception. Cross-sectional T1-
weighted fast spin echo images of the prostate and seminal 
vesicles and cross-sectional, coronal, and sagittal T1-
weighted fast spin echo images were obtained. Apparent 
diffusion coefficients were obtained using diffusion-
weighted imaging, and the B-values were acquired 
several times (0, 100, 800, 1,000, and 1,500 s·mm−2) using 
two-dimensional (2D) echo planar imaging sequences. 
Diffusion-sensitive gradients were applied along the x, 
y, and z axes. Dynamic contrast-enhanced imaging was 
performed with a 3D T1-weighted gradient echo volume 
interpanel gas examination in the same plane as that of the 
3D T2W sequence. A contrast agent (Medtronic GMBH, 
Saarbruecken, Germany) was injected intravenously with a 
weight of 1 mL/kg at an injection rate of 2.5 mL/s. MR Tissue 
4D software (Syngo.Via VA20B; Siemens Healthineers) was 
used to construct perfusion curves. All patients underwent 
12-core transperineal prostatic system biopsy, and the 
number of positive punctures and corresponding locations 
was recorded for cognitive sampling.

Software

The 3D modeling software, 3D Slicer, which is an open-

source image data analysis and postprocessing platform 
jointly developed by Harvard University and Massachusetts 
Institute of Technology, was used to reconstruct human 
tissues and organs from raw Digital  Imaging and 
Communication in Medicine (DICOM) format data obtained 
from computed tomography (CT) and MRI. It is compatible 
with the Windows, Linux, and Mac operating systems and 
runs smoothly on relatively simple personal computers. By 
importing prostate data from MRI into 3D Slicer in DICOM 
medical format for 3D modeling, the volume size of prostate 
cancer tissue and the boundary of tumor tissue could be 
obtained through the data measurement module.

Construction of the 3D stereotaxic positioning device

To place the isolated prostate on the sampling plane, a 
3D stereotaxic sampling device was designed to locate 
the prostate tumor tissue through multiple planes. The 
extractor was composed of a base and two other vertical 3D 
planes. The three planes had distributions of pinholes at a 
fixed distance of 5 mm for needle positioning. The isolated 
prostate could then be placed in an extractor for positioning 
and sampling. This device has been patented (Figure 1).

Sampling methods

Cognitive sampling procedure
We define cognitive sampling as a method of estimating 
the relative location of tumors in the prostate and 
sampling them based on a comprehensive analysis of 
preoperative mpMRI and 12-core system biopsy results. 
After comprehensive analysis of the tumor location on 
MRI interpreted by senior radiologists and the location 
of preoperative positive biopsy, the sampling personnel 
determined the lesion plane perpendicular to the prostate 
urethra (consistent with the direction of conventional 
pathological sections), took a part of the recognized 
tumor tissue from the plane, and sent it to the pathology 
department to verify whether it was prostate cancer.

3D stereotaxic sampling procedure
Prostate mpMRI image data were extracted from the 
picture archiving and communication system before surgery 
and imported into 3D Slicer software in DICOM format. 
Experienced radiologists marked the maximum cross-
sectional position of the lesion on the MR image (Figure 2A), 
and the same specimen sampler sketched the 3D model at 
the corresponding position on the 3D Slicer. The position 

Figure 1 Three-dimensional stereotaxic positioning model.
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of the lesion relative to the prostate was measured using 
a tool in 3D Slicer (Figure 2B). As described in Section 
“Construction of the 3D stereotaxic positioning device”, 
according to the structure of the device, the back of the 
prostate was placed flat in the device so that the urethra 
was parallel to the underside of the device and the junction 
of the seminal vesicles and the prostate overlapped with 
the needle path of the underside of the device. The 
prostatectomy specimens were fixed through the urethra. 
According to the measured data, four prostate puncture 
needles were used to locate the tumor tissue boundary 
through the puncture hole of the sampling device. A small 
amount of methylene blue was injected into each puncture 
needle as it withdrew from the back, leaving four blue 
needle paths on the prostate plane perpendicular to the 
urethra. The maximum cross-section profile of the tumor 
formed by the four blue needle paths was displayed by 
cutting into the maximum cross-section position plane of 
the tumor (Figure 2C). Finally, a piece of tissue was obtained 
from the blue contour area and sent to the pathology 
department to verify whether it was prostate cancer tissue 

(Figure 2D). Meanwhile, it was verified whether the tumor 
contour located in the overall section was completely 
consistent through the standard pathological section 
diagnostic process.

Data and statistical analysis

In this cohort study, all statistical analyses were conducted 
using SPSS v. 25.0 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 8.0 (GraphPad Software, Inc., La Jolla, 
CA, USA). The measurement data that did not conform 
to the normal distribution are summarized as median with 
upper and lower quartiles [M (Q1, Q3)]. The measurement 
data conforming to a normal distribution are summarized as 
mean and standard deviation (mean ± SD). The categorical 
variables are summarized as the number of cases and 
percentages [n (%)], and the Chi-squared test (χ2 test) was 
used to compare the groups. Univariate logistic regression 
was used to analyze the independent influencing factors 
associated with positive cognitive sampling and positive 
3D stereolocalization. When the negative predictive value 

Figure 2 Comparison of the position of the prostate cancer tissue in each stage. The areas of the prostate cancer tissue are indicated by 
yellow dashed lines. (A) Location of lesions in the mpMRI T2-weighted image. (B) Location of lesions in 3D imaging. (C) Location of 
lesions as shown in the section of surgical specimen location. (D) Pathology showing the location of the lesions on the sampling surface (the 
pathological specimens were stained with eosin). mpMRI, multiparametric magnetic resonance imaging; 3D, three-dimensional.
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(NPV) of the tumor volume was 100%, the optimal cutoff 
was the critical value of the tumor volume at the time of 
negative sampling. P<0.05 denoted statistical significance.

Results

Comparison of the positive rate of cognitive sampling and 
3D stereotaxic sampling

Among the 57 cases of cognitive sampling, 17 cases (29.82%) 
were positive, and among 54 cases of 3D stereotaxic 
sampling, 33 cases (61.11%) were positive. The positive rate 
of the 3D stereotaxic sampling was much higher than that 
of cognitive sampling (P=0.001).

Analysis of the influencing factors of cognitive sampling 
and 3D stereotaxic sampling

We analyzed the prostate-specific antigen (PSA) value, 
Prostate Imaging Report and Data System (PI-RADS) 
score, PSA density (PSAD) value, International Society of 
Urological Pathology (ISUP) grade, lesion image location, 
tumor volume, number of positive needles in preoperative 
diagnostic biopsy, and clinical T stage of patients, as these 
could affect the positive sampling rate. Figure 3 shows 

that PSA, PSAD, ISUP, and lesion image location were 
not independent influencing factors of positive cognitive 
sampling. The number of positive needles, tumor volume, 
PI-RADS score, and clinical T stage were all independent 
influencing factors for cognitive sampling: more positive 
puncture needles was associated with greater tumor 
volume, higher PI-RADS score, more advanced clinical T 
stage, and greater likelihood of the cognitive sampling rate 
being positive.

Figure 4 shows that PSA, PSAD, ISUP, lesion image 
location, number of positive puncture needles, tumor 
volume, PI-RADS score, and clinical T stage were not 
independent influencing factors for positive sampling. 
Collectively, these data suggest that factors influencing 
cognitive sampling are eliminated in 3D stereotaxic 
sampling. The optimal cutoff value of tumor volume when 
the NPVs of both cognitive sampling and 3D stereotaxic 
sampling were 100% was used as the critical value of 
negative sampling. When the tumor volume of cognitive 
sampling was ≤0.41 cm3, all samples could be considered 
negative; when the tumor volume of 3D stereotaxic was 
≤0.26 cm3, all samples could be considered negative. The 
results showed that 3D stereotaxic sampling enables the 
targeted extraction of significantly smaller tumors.

Figure 3 Logistic regression analysis was used to analyze the influencing factors of cognitive sampling in 57 cases of radical prostatectomy in 
The First Affiliated Hospital of Soochow University. OR, odds ratio; CI, confidence interval; BMI, body mass index; PSA, prostate-specific 
antigen; PI-RADS, Prostate Imaging Report and Data System; PSAD, prostate-specific antigen density; ISUP, International Society of 
Urological Pathology; PZ, peripheral zone; TZ, transition zone.
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The learning curve for manipulating 3D stereotaxic 
sampling

A total of 54 cases of 3D stereotaxic sampling were assigned 
to the pre-, middle, and late, periods with 18 cases in each 
period. The positive sampling rates for the pre-, middle, 
and late period were 56%, 61%, and 78%, respectively. 
The positive rate for the sampling showed a trend of 
improvement and finally reached nearly 80% (Figure 5). 
The changes in the positive rates for the three periods 
reflected the learning curve of the sampling personnel, 
indicating that the 3D stereotaxic sampling method could 
be implemented in clinical practice through simple training. 
The sampling time in each period also gradually shortened. 
In the late period, the average sampling time was shortened 
to 7 minutes, which is half the duration of the pre-period 
(Figure 6).

Discussion

The boundary between prostate cancer tissue and normal 
prostate tissue is not clear. Additionally, prostate tumor 
tissue often has a multifocal scattered distribution, generally 
does not produce cancerous interstitial reaction, and is 
difficult to distinguish by the naked eye. Formaldehyde-
fixed paraffin embedding (FFPE) tissue is the most 

commonly used method for tissue preservation (12). 
However, with the rapid development of second-generation 
sequencing (SGS) and third-generation sequencing (TGS), 
several studies on prostate cancer research require tumor 
tissue samples and have high requirements for the collection 
and preservation of specimens. RNA sequencing and other 
technologies require at least 30 minutes of acquisition 
and preservation; otherwise, the nucleic acid can easily 
degrade, leading to reduced quality and research failure. 
Timely cryopreservation at −80 ℃ or in liquid nitrogen can 
effectively prolong the duration of preservation. However, 
the acquisition of prostate cancer specimens has been 
markedly hindered in research due to the limitations of the 
operating room and inconvenient pathological verification, 
among other factors.

To facilitate the accurate and rapid acquisition of prostate 
cancer tissue in vitro and meet the high requirements 
of prostate cancer research for tumor tissue acquisition, 
our study combined the mpMRI data of patients using 
3D modeling and printing technology to locate prostate 
cancer tumor tissue in vitro to more precisely sample 
prostate cancer. The 3D sampling device demonstrated 
repeatability and meets the requirements of research for the 
specimen acquisition methods needed for prostate cancer 
research and provided the rapid acquisition of prostate 
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Figure 4 Logistic regression analysis was used to analyze the influencing factors of cognitive sampling in 54 cases of radical prostatectomy in 
The First Affiliated Hospital of Soochow University. OR, odds ratio; CI, confidence interval; BMI, body mass index; PSA, prostate-specific 
antigen; PI-RADS, Prostate Imaging Report and Data System; PSAD, prostate-specific antigen density; ISUP, International Society of 
Urological Pathology; PZ, peripheral zone; TZ, transition zone.
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cancer lesions. Additionally, after simple cleaning, it can 
be reused for the next specimen. The results of this study 
showed that the positive rate for the cognitive sampling 
method is critically low in clinical practice and affected by 
various factors. The number of positive needles used for 
preoperative prostate puncture, tumor volume, PI-RADS 
score, and clinical T stage were related to the positive rate 

of sampling. Moreover, studies have shown that higher 
number of positive needles, greater tumor volume, higher 
PI-RADS score, and higher clinical T stage are associated 
with a greater likelihood of acquiring prostate cancer 
tissue and can lead to bias. Through the 3D stereotaxic 
sampling in our study, the positive rate was significantly 
improved, and the factors that originally had significant 
effects on cognitive sampling were eliminated. There were 
no significant differences in the number of positive needles 
used for preoperative prostate puncture, tumor volume, PI-
RADS score, or clinical T staging between the negative and 
positive groups of 3D stereotaxic sampling. Moreover, the 
tumor volume range of 3D stereotaxic sampling was larger 
than that of cognitive sampling. In this study, the distance 
between the puncture needles was 5 mm. Therefore, a 
maximum cross-section diameter of the tumor of less than 
5 mm led to certain systematic errors, and there were 
errors caused by the subtle movement of the prostate gland 
during puncture positioning. Therefore, we designed a 
personalized 3D stereotaxic device based on this study. The 
corresponding puncture positioning model was printed 
according to the 3D prostate model of each patient. The 
device has also been patented (Figure 7). There have been 
few specific introductions on the precise sampling methods 
for obtaining prostate cancer tumor tissue samples from 
the prostate in vitro. Various medical centers have different 
sampling methods for prostate cancer tumor tissue, but 
specimen sampling is unavoidable.

3D printing technology has been used to print precise the 
anatomical models of the human organs to be treated (13). 
With high specificity and sensitivity, mpMRI is currently 

Figure 5 Positive sampling rate of three-dimensional stereotaxic 
localization in three different periods.
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Figure 6 Comparison of sampling time of three-dimensional 
stereotaxic localization in three periods. The sampling time of 
the pre-, middle, and late period were 14.83±1.47, 10.5±1.05, and 
7.33±1.03 min, respectively. Data are presented as the mean ± 
standard deviation.

Figure 7 Individualized three-dimensional printing positioning 
model.
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internationally recognized as the best imaging method for 
the diagnosis of prostate cancer. T2-weighted imaging 
combined with diffusion-weighted imaging has been shown 
to significantly improve the detection rate of clinically 
meaningful prostate cancer (Gleason score ≥6 and focal 
diameter >6 mm) (14). Siddiqui et al. combined MR with 
an ultrasound fusion system for targeted puncture biopsies, 
improving the detection rate of high-risk prostate cancers 
and reducing the detection of low-risk prostate cancers (15). 
Similarly, Rapisarda et al. indicated that prostate mpMRI 
has good accuracy in detecting prostate cancer before 
biopsy (16). Therefore, the combination of 3D technology 
and mpMRI to locate prostate tumor tissue is promising.

Moreover, artificial intelligence (AI) is a computer 
science field aimed at creating intelligent devices that 
perform tasks that currently require human intelligence. In 
machine learning, deep learning models enable computers 
to learn by example, and AI is revolutionizing healthcare. 
When applied to diagnostic imaging, AI has shown great 
accuracy in detecting prostate lesions and predicting patient 
survival and treatment response (17). Clinical decision 
support systems (CDSS) are being developed to provide 
improvements in decision-making. Currently, machine 
learning and deep learning technologies for prostate cancer 
diagnosis and care are based on the clinical application 
of CDSS with limited data. Therefore, AI and machine 
learning are still considered growing fields (17,18). 

According to our study, the sampling positive rate of 
3D stereotaxic sampling was nearly 80%, which confirms 
the accuracy of 3D stereotaxic sampling. The 20% missed 
detection rate may be accounted for by the mpMRI itself 
missing the prostate or the prostate cancer lesions being 
too small to be sampled. In addition, the size of the prostate 
in mpMRI might not have been consistent with that in the 
isolated prostate due to edema. To solve this problem, we 
can calculate the ratio of the lesion boundary to the whole 
specimen boundary in advance, and then locate the tumor 
boundary in the isolated prostate in equal proportion.

Conclusions

3D stereotaxic sampling of prostate cancer tissue can 
ensure the accuracy and convenience of sampling, reduce 
the errors caused by the cognitive sampling of prostate 
cancer lesions, and eliminate the interference of a series of 
influential factors such as the PSA value, lesion size, lesion 
image location, and clinical T staging. This method has the 
advantages of convenience, low cost, and high repeatability, 

but it also has the disadvantages of preoperative localization 
and complicated calculations. In the future, the combination 
of mpMRI and AI can be used to automate and program 
prostate cancer tumor tissue sampling, which is the final 
blueprint of sampling research, to facilitate scientific 
research on prostate cancer.
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