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Abstract
Background Recently, most studies on the spatial distribution of the prostate cancer are based on the
samples con�rmed by transrectal prostate biopsy (TRBx), which could distinguish the distribution of cancer
lesions between the apex, middle and basal parts of the prostate, but the distinction between lesions in the
left and right sides of prostate cancer and the transitional and peripheral bands remains to be considered.
Further, there has been little research on the speci�c proportion of cancer in prostate biopsy tissue. The
current study aimed to analyze the clinical characteristics, diagnostic e�cacy of relevant indicators, and
reveal the spatial distribution of prostate cancer in transperineal prostate biopsy (TPBx). Methods A total of
810 patients underwent TPUS-guided 10-core prostate biopsy in our hospital from Oct. 2016-to Feb. 2019,
participants' clinical data and the diagnostic yield of the cores were recorded and retrospectively analyzed as
a cross-sectional study. Results Age, total prostate speci�c antigen (t-PSA), prostate volume (PV), prostatic
in�ammation, dysuria, hematuria, asymptomatic and MRI were independent factors in prostate cancer (Pca)
patients compared with non-Pca patients (P<0.05). The cut-off points for age, t-PSA, free prostate speci�c
antigen (f-PSA), PSA density (PSAD), free/total prostate speci�c antigen (f/t PSA) and PV were 73years old,
15.43ng/ml, 4.545ng/ml, 0.475ng/ml*cm3, 0.123 and 41.45ml, respectively. The PRPN of left peripheral
zone (LPZ) prostate tumor was elevated regardless of the Gleason score. However, the PRPN of left
transitional zone (LTZ) was lower than LPZ and similar to right peripheral zone (RZ), but PRCF and CFVR
were signi�cantly higher, especially in tumors with higher Gleason score (≥8). Conclusions For Chinese, the
t-PSA standard and the PSAD standard in the puncture indication should be increased, while the f/t PSA
standard should be reduced. At the same time, multi-factor assessment is needed to determine whether
patients need a prostate biopsy or not. The spatial distribution of prostate cancer is asymmetrical, with more
cancer lesion on the left than on the right. The PRPN of LPZ is relatively higher. LTZ has higher PRCF, and
most of them were large lesions with high Gleason score (≥8).

1. Background
Prostate cancer is the most common malignant tumor of male reproductive system. In 2018 US, the
incidence of Pca in male malignant tumors ranked �rst and the mortality rate ranked second [1]. In recent
years, the incidence of Pca in China has increased rapidly due to changes in lifestyle, aging population and
the gradual promotion of prostate-speci�c antigen screening [2–3]. Since the invention of transrectal
ultrasound-guided transrectal prostate biopsy (TRBx) by Hodge et al. in 1989 [4], prostate biopsy became the
gold standard in the diagnosis of Pca. However, for the selection of prostate biopsy indications, improve the
positive rate of puncture while avoiding over-diagnosis, and the de�nition of the spatial distribution of tumor
in the prostate are still hot issues in the biopsy of Pca [5].

This study discussed the risk of Pca, the diagnostic e�cacy of various laboratory indicators, and the spatial
distribution characteristics of Pca tissues by analyzing the clinical data of patients undergoing TPBx.

2. Methods
2.1 Enrollment
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There was a total of 810 patients underwent TPBx in our hospital between Oct. 2016 and Feb. 2019, among
whom 758 patients met the puncture criteria. (Puncture standard: .Anomalous nodules of the prostate were
detected by digital rectal examination, ultrasound, CT or MRI. . T-PSA > 10 ng/ml; .10 ng/ml > t-PSA > 
4 ng/ml, PSAD ≥ 0.15 ng/ml/cm3 or free/total prostate speci�c antigen (f/t-PSA) ≤ 0.16. (2016 consensus
of Chinese experts on prostate puncture [5])). There were 271 cases of Pca diagnosed by TPBx, and the
positive rate of TPBx was 35.8%. In 74 cases, the biopsy only recorded positive or negative results due to a
lack of speci�c proportion of prostate cancer tissue. Among these 271 patients with Pca, 120 of them were
treated with radical prostatectomy (RP) with adjuvant Hormonal Therapy (AHT), and they had postoperative
pathological analysis (Fig. 1).

2.2 Puncture Method

This study was approved by the Ethics Review committee of Jinhua Central Hospital, and all patients signed
the informed consent before the puncture. Professor Yi-Bo Zhou performed TPBx on all patients (with more
than 10 years of experience in prostate biopsy). The past history of all patients was recorded and auxiliary
investigations such as PSA and MRI were done. 10 + X core prostate biopsy (Fig. 2) (On transverse section,
for 10-core TPBx, eight cores were sampled from the peripheral zone (PZ) and the other two were from the
transitional zone (TZ). When the prostate is larger than 50 g, four cores were added to the PZ of the prostate
apex. The length of each needle puncture tissue varies 0.5–1.5 cm.). Pathological analysis of all prostate
specimens was performed by Professor Hong-Qi Shi, who also collected the puncture pathology data of
patients who performed RP.

2.3 Statistical methods

The measurement data were tested by K-S normality. Univariate analysis was carried out to compare the
differences of each factor in the diagnosis of prostate cancer: Independent-sample T-test was performed on
the measurement of data conforming to the normal distribution, and the Wilcoxon signed rank sum test of
two independent samples was selected for the other measurement of data. The chi-square test was selected
for the differences among the classi�cation variables. Signi�cant in�uencing factors were screened out and
analyzed by binary logistic regression to investigate the speci�c in�uence of variables on prostate cancer.
The ROC curve was used to measure the measurement data which had a signi�cant effect on the diagnosis
of prostate cancer, and the cut-off point was found out according to Youden index. The puncture data of
prostate cancer patients were grouped according to different Gleason scores and different puncture sites,
and chi-square test was performed to analyze whether there was any difference in the PRPN, the CFVR and
the PRCF. Paired-samples t-test was used to compare the difference between puncture pathological data and
postoperative pathological data of patients with RP. (The PRPN = The number of positive puncture needles /
The total number of puncture needles; The CFVR = The volume of Pca lesion / The volume of tissue obtained
in positive puncture needles; The PRCF = The volume of Pca lesion / The total volume of prostate tissue
obtained)

3. Results
3.1. Comparison of clinical manifestations and auxiliary examination of 758 puncture patients (Table 1)
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There was a large amount of bias in the data of patients’ digital rectal examination, only 3 patients who
obviously felt nodules, so digital rectal examination was not included in the multi-factor analysis. All
patients had no previous puncture history and no family history of Pca. The medium age of Pca patients
was 74 (range 51 ~ 97) years old, while non-Pca patients was 67 (range 35 ~ 90) years old. The medium t-
PSA of Pca patients was 24.36 (range 0.57 ~ 1000 ng/L), while non-Pca patients was 10.83 (range 0.25 ~ 
146.46 ng/L). The medium PV of Pca patients was 35.3 (range 12.5 151.9 ml), while non-Pca patients was
41.9 (range 10.9 144.0 ml). There was no signi�cant difference in BMI between the Pca group and the non-
Pca Group (P = 0.385), and there were signi�cant differences in age, t-PSA, f-PSA, f/t PSA, PV and PSAD (P < 
0.001). Prostate cancer is associated with prostatitis, dysuria, hematuria, asymptomatic, hypertension,
calci�cation and MRI.

PV is a protective factor for prostate cancer (OR = 0.986, 95% CI:0.975 to 0.997, P = 0.013), the risk of
prostate cancer was increased in patients with non-prostatitis (OR = 5.793, 95% CI:3.285 to 10.217, P < 
0.001), non-dysuria (OR = 10.555, 95% CI:4.015 to 27.751, P < 0.001), and non-hematuria (OR = 4.708, 95%
CI:1.523 to 14.555, P = 0.007).

3.2 Puncture Results

Results of 181 patients (gleason score 8 ~ 10): The PRPN of LZ was higher than that of RZ (Χ2 = 2.919, P = 
0.088 < 0.1). The PRPN of LPZ was higher than that of RTZ (Χ2 = 4.393,p = 0.036), and there was no
difference between the other parts. The CFVR of LTZ was higher than that of LPZ, RPZ and RTZ (Χ2 = 3.075,
P = 0.079 < 0.1; χ2 = 6.886, P = 0.009; χ2 = 4.462, P = 0.035), and there was no difference between the other
parts. The PRCF of LZ was higher than that of RZ (Χ2 = 12.426, P < 0.001). The CFVR of LPZ was higher than
that of RPZ and RTZ (χ2 = 6.942,P = 0.008 χ2 = 3.368,P = 0.066 < 0.1), the CFVR of LTZ was higher than that
of RPZ and RTZ (χ2 = 9.940,P = 0.002 χ2 = 6.246,P = 0.012),and there was no difference between the other
parts(Table 6).

There was a statistical difference between puncture pathological data and postoperative pathological data
of 120 patients with RP. The mean Gleason score of puncture pathology and surgical pathology was 7.1167
and 6.8417, respectively, and there was a signi�cant correlation between them (P < 0.001). The Gleason
score of surgical pathology was 0.275 higher than that of puncture pathology (T = 4.176, P < 0.001).

4. Discussion
Transrectal ultrasound-guided TRBx is the main method to diagnose prostate cancer without surgery [6,7].
However, false negative rate (FNR) is higher in transrectal puncture, which is reported to be up to 15%~31%
[8,9,10]. It was reported that TPBx could signi�cantly improve the detection rate of tumors in the anterior half
and apex of the prostate compared with TRBx [11,12,13], and can accurately assess the PV, at the same
time,it has the advantage of safety and low infection rate, transperineal biopsy is becoming more and more
popular in prostate biopsy [6, 14]. However, better selection of prostate biopsy indications, improvement of
the positive rate of puncture of the prostate are still hot issues [5].
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The positive rate of TPBx in this study was 35.8%, slightly higher than the rate (34.5%) reported by Pepe P et
al [15], but generally lower than that reported by foreign literatures [16, 17]. This difference may be mainly
caused by racial difference, because the incidence of Pca in European and American is much higher than
that in China, and the differences caused by such factors as inconsistent pathological diagnostic criteria
cannot be excluded.

The cut-off points for age, t-PSA, f-PSA, PSAD, f/t PSA and PV were 73 years old, 15.43 ng/ml, 4.545 ng/ml,
0.475 ng/ml*cm3, 0.123 and 41.45 ml, respectively. Compared with the current puncture guidelines [5], t-PSA
and PSAD are higher, while f/t PSA is lower, which may be related to the fact that the enrolled patients have
been screened by the guidelines. Compared with the Pca patients in the United States reported in the
literature [18,19], the results of this study showed that Pca in Chinese had the characteristics of older age,
higher t-PSA and smaller PV. In terms of clinical manifestations, this study found that the positive rate of
TPBx in symptomless patients was higher, and lower in patients with prostatitis, dysuria and hematuria. This
may be related to the fact that most of the patients received TPBx only because of abnormal prostate
screening, and most of the patients’ dysuria and hematuria and other symptoms may be caused by diseases
such as benign prostatic hyperplasia.

Compared with TRBx, TPBx signi�cantly increased the tissue acquisition of TZ in the prostate, and also
increased the tissue acquisition of PZ to a certain extent. However, TPBx is prone to omission in the
detection of basal tumors. Although the incidence of prostate cancer is not high in the basal region [20,21],
the puncture of the basal region should be paid more attention in TPBx, especially for patients with imaging
space occupying near the basal region. As it is reported that in the PZ, especially in the apex of prostate, is
the most common site of Pca. Breslow et al. [20] analyzed the results of 1327 autopsies in seven centers
around the world and found 350 cases of latent Pca, which mainly appeared in the PZ, most of which were
5 ~ 15 mm from the apex of prostate, and the tumor incidence was the same in the anterior and posterior
regions. The results of 271 Pca patients in this study suggested that the PRPN of PZ was higher than that of
TZ, which was consistent with the literature. However, further comparison revealed that the PRPN of LZ was
higher, especially the PRPN of LPZ was signi�cantly higher than that of the rest; When CFVR was compared,
it was found that the CFVR of LTZ was signi�cantly larger than that of the other regions; When comparing
PRCF, we found that the PRCF of LPZ and LTZ were signi�cantly higher than that of RPZ or RTZ, and there
was no signi�cant statistical difference between LPZ and LTZ, RPZ and RTZ. This result may be caused by
the existence of a large number of small cancer foci in the LPZ, a small number of large cancer foci in the
LTZ, and a small number of small cancer foci in the RPZ and the RTZ. We draw the conclusion that:
Increasing the puncture in the LPZ may improve the detection rate of Pca. Increasing the puncture in the LTZ
may allow more accurate staging of patients to guide subsequent treatment. Although the positive rate of
RZ puncture is lower than that of LZ, the puncture in the RZ should not be neglected.

Gleason scoring system has become the standard pathological grading system for Pca in WHO since 1993
[22], it has become the most important indicator for evaluating the invasion of tumors and determining the
prognosis of patients [23], and the accuracy of predicting the progression of localized Pca is 30%~69% [24].
As it was reported in the study results of the largest international prostate puncture collaboration group that
the proportion of high-level Pca (Gleason score 7 ~ 10) in clinical cohort in European and American countries
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is 30% and 51% respectively. In our study, the proportion was 62%, signi�cantly higher than that reported in
the literature. This may be related to racial difference, or it may be caused by different pathological
evaluation criteria (the new grading system of 2015 version [27] was adopted in our study). When cancer
lesions were further divided into different Gleason scores. There was no difference in CFVR and PRCF
between different areas (Gleason score 6–7). The PRPN of LPZ was higher than that of other regions, and
the CFVR of LTZ was signi�cantly higher than that of other regions (Gleason score 8–10). This result further
indicates that the high PRCF of LZ may be related to the high Gleason score of Pca lesions in the LZ. We
compared the biopsy pathology and postoperative pathology of 120 patients with RP after puncture, and
found that the Gleason score of postoperative pathological was 0.275 points higher than that of puncture
pathology, which may be related to the fact that more tissues can be obtained from RP for more accurate
pathological assessment.

Limitations: .This paper is a retrospective study with a small sample size and possible bias in data.
Therefore, it is necessary to further expand the sample size. . It was a single-center study and lacked a
contrast in the study of the spatial distribution of Pca by TRBx. .Digital rectal examination was not included
in the multivariate analysis. . The clinical features such as risk factors, diagnostic e�cacy and critical
values of t-PSA in gray area (4 ~ 10 ng/ml, 2016 consensus of Chinese experts on prostate puncture [5])
were not analyzed. . Patients in our study group have been screened by puncture guidelines, and the cut-off
point of t-PSA obtained may be relatively high, the obtained critical value of f/t PSA and PSAD is only the
diagnostic critical value of all enrolled patients, which is not equal to the critical value of gray area. .
Postoperative pathology of RP patients was recorded only by the highest Gleason score, and the distribution
of cancer lesions was not recorded in different regions and analyzed.

5. Conclusion
To sum up, based on the data of 758 TPBx patients in our hospital, we analyzed the clinical characteristics,
diagnostic e�cacy of relevant indicators, and spatial distribution of Pca in Chinese. We found that for
Chinese, the t-PSA standard and the PSAD standard in the puncture indication should be increased, while the
f/t PSA standard should be reduced. At the same time, multi-factor assessment is needed to determine
whether patients need a prostate biopsy or not. The spatial distribution of prostate cancer is asymmetrical,
with more cancer lesion on the left than on the right. The PRPN of LPZ is relatively higher. LTZ has higher
PRCF, and most of them were large lesions with high Gleason score (≥ 8).
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Figure 1

Flow chart of 810 patients with TPBx.

Figure 2

Example biopsy locations in a transperineal biopsy.
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Figure 3

ROC curves of age, t-PSA, PSAD, 1/PV, f-PSA, t-PSA/f-PSA in 758 TPBx patients.
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Figure 4

Distribution of Gleason score in puncture biopsy of 271 patients.
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