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Background: Without a pseudocapsule, prostate cancer is invasive in volume growth and has some
regularity in spatial distribution. Our study aims to explore the specific origin location, invasive
characteristics, and morphology of prostate cancer.

Methods: Ninety-cight clinical specimens with tumor volume equal to or less than one-third of the
organ volume and 111 autopsy specimens were retrospectively analyzed. The origin location and invasion
of prostate cancer in four horizontal quadrants and 11 vertical slides were demonstrated. In addition, the
median maximum anteroposterior, left-right, horizontal, and vertical diameters of lesions were compared,
and the spatial morphology of lesions was described.

Results: There were 335 lesions in the autopsy and clinical specimens. There was no significant difference
in the distribution of lesions confined to the horizontal quarter quadrant (P=0.064). The number of lesions
with a single positive slide above the apex 0.5-1.4 cm was 75 (49.7%). No significant difference was found
when compared with the maximum vertical and horizontal diameters (P=0.421). However, the maximum
left-right and horizontal diameters were longer than the maximum anteroposterior diameter (P=0.046 and
P<0.001). The number of lesions with a tumor area that decreased from the center to both sides was 85
(46.2%) and decreased from the center to one side was 81 (44.0%).

Conclusions: Approximately 50% of the lesions originated from the apex above 0.5-1.4 cm. The invasive
tendency of prostate cancer was consistent in the horizontal and vertical dimensions but less so in the
anteroposterior direction. About ninety percent of lesions with tumor area decreased from the center to both

sides or one side.
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Introduction

Multifocality is a prominent feature of prostate
adenocarcinoma. On average, there are 2-3 prostate cancer
lesions in each organ after radical prostatectomy (1). By
comparison, autopsy specimens have 1-2 lesions (2). The
index and clinically significant lesions play a vital role in
diagnosing and treating prostate cancer (3,4). Without a
pseudocapsule, prostate cancer is invasive in volume growth.
In general, the spatial distribution of prostate cancer shows
some regularity (5). It is the result when prostate cancer
develops to a certain extent.

However, prostate cancer’s specific origin, location, and
invasive characteristics are unclear. A systematic description
of the morphological characteristics of prostate cancer has
not been reported in previous studies. Considering that
prostate cancer has specific spatial distribution patterns, it
is not known whether it is caused by prostate cancer having
some regular original distribution or lesions having certain
invasive tendencies. Determining the origin and invasion
of prostate cancer can improve the understanding of the
pathological characteristics of prostate cancer and is also
crucial for understanding the relationship between prostate
cancer and its surrounding tissues.

Lesions in autopsy specimens are often small in
number and size, which have significant advantages for
studying the origin of prostate cancer (2,6). Radical
prostatectomy specimens can be used to study prostate
cancer’s development and invasive tendencies. Considering
the difficulty and high cost of obtaining and producing
autopsy specimens, clinical specimens with relatively small
tumor volumes can serve as good examples. Therefore,
the combined study of autopsy and clinical prostate cancer
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invasive in volume growth.
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specimens with a small tumor volume can show significant
advantages in analyzing prostate cancer’s origin and
development.

Whole organ sampling and digital pathological slides
provide an essential foundation for analyzing the occurrence
and development of prostate cancer (7). We have
preliminary research foundations studying on clinical and
autopsy prostate cancer specimens and have accumulated a
considerable database on whole-organ digital pathological
slides (1,2,5). Combined with the above research
backgrounds, we are committed to further exploring
prostate cancer’s original and invasive characteristics. We
present this article in accordance with the MDAR reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-23-1752/rc).

Methods
Study population

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the ethics committee of Peking Union
Medical College Hospital, Chinese Academy of Medical
Sciences (ZS-1546). Informed consent was not needed as
patient data were retrospectively reviewed. From June 2013
to September 2016, 192 clinical specimens were selected
from Peking Union Medical College Hospital, and 98 were
finally included. From September 2017 to February 2019,
124 consecutive autopsy specimens were collected from
the Department of Anatomy, Histology and Embryology,
Peking Union Medical College, Chinese Academy of
Medical Sciences, and 111 met the inclusion criteria. The
inclusion criteria for the clinical specimens were as follows:
(I) pathological diagnosis of prostate adenocarcinoma; (II)
no neoadjuvant therapy before radical prostatectomy; (III)
complete capsule and bilateral seminal vesicles; and (IV)
tumor volume equal to or less than one-third of the organ
volume. The inclusion criteria of autopsy specimens had
been described in our previous study (2).

Sample processing and data acquisition

All clinical and autopsy specimens were sectioned and
scanned into whole-mount digital slides. The contours
of the lesions were delineated, and Gleason scores were
calculated. Lesions with a distance of more than 3 mm
on the same slice or vertical discontinuous lesions were
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Figure 1 The lesion’s maximum anteroposterior, left-right,
and horizontal diameters. Lines a, b and ¢ were classified as the
maximum left-right diameter, the maximum anteroposterior
diameter, and the maximum horizontal diameter, respectively.

Hematoxylin-eosin staining.

defined as different lesions (8). Taking the urethra as a
boundary, the prostate was divided into the anterior and
posterior zones and the left and right halves. Further, it was
subdivided into the anterior left, anterior right, posterior
left, and posterior right quadrants. The apex was defined as
the inferior-most 0.5 cm portion of the prostate. Slides with
a thickness of approximately 3 mm were sectioned one by
one from the apex to the base, and the remaining 0.5-1 cm
of the superior-most part of the prostate was defined as the
base (9). In the Gleason grading system, Gleason scores
of 6, 3+4, 4+3, 8, and 9-10 were defined as Gleason grade
groups 1-5 (10). The lesion with the highest Gleason score
was defined as the index lesion. If the Gleason scores were
the same, the lesion with the largest volume was regarded as
the index lesion (11). Lesions with tumor volume >0.5 cm’,
Gleason grade group 22, or capsule invasion were defined
as clinically significant lesions (12).

As the volume of the prostate organ varies, the number
of vertical slices would be different. In the process of
sampling, every specimen had at least five slides, including
the apex, the apex above 0.5-0.8 cm, the middle slide, the
base below 1.0-1.3 cm, and the base, while more than
50% of the specimens had three more slides above the
apex and three more slides below the base. Therefore, we
selected these 11 slides for research in our study. The slide
with the largest tumor area was defined as the center of the
lesion. The lesion’s maximum anteroposterior, left-right, and
horizontal diameters were depicted and calculated (Figure 1).
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The maximum vertical diameter = the slice thickness x
the number of positive slices. The thickness of the slice =
(the vertical diameter of the prostate - actual thickness of
the apex - actual thickness of the base)/the total number
of vertical slides. The spatial morphology of the lesions
was divided into three types: (I) the tumor area gradually
decreased from the center of the lesion to both sides; (IT) the
tumor area gradually decreased from the center of the lesion
to one side; and (III) the tumor area developed irregularly
from the center of the lesion to both sides (Figure 2).

Statistical analysis

If a normal distribution was met, the data were described
by the means = standard deviations and compared by
independent sample z-test. If the data did not conform to
a normal distribution, the data were described with the
median value and interquartile range (IQR) and compared
with the rank-sum test. The Chi-squared test was used to
compare the rates. All tests were two-sided, and P<0.05 was
considered statistically significant.

Results
General characteristics of prostate cancer lesions

Of the 111 included autopsy specimens, 39 were found
to have prostate cancer. The total number of lesions was
67, with an average of 1.7 lesions per specimen. The total
number of lesions in 98 included clinical specimens was 268,
with an average of 2.7 lesions per specimen. The median
volume of 335 lesions in autopsy and clinical specimens was
0.045 mL (IQR, 0.007-0.656 mL), and the median Gleason
grade group was 2 (IQR, 1-2). The general characteristics
of the lesions are shown in Tible 1.

The origin of prostate cancer lesions

A total of 276 lesions are confined to the horizontal
quarter quadrant of the prostate, with 178 having clinical
significance. The distribution of these lesions across
different prostate volumes (PVs) is presented in Table 2.
There were no significant differences in the quadrant
distribution for both overall lesions and clinically significant
lesions in the groups with all PV sizes, 15< PV <30 mL, and
PV 245 mL. However, in the group with 30< PV <45 mL
from the anterior zone, the tumor positive rate was notably
higher in the left half compared to the right half for both
overall lesions (P=0.011) and clinically significant lesions
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Figure 2 Three types of the spatial morphology of the lesions. The red part was the lesion depicted in each slice. Slides group “a” indicated
that the tumor area gradually decreased from the center of the lesion to both sides. Slides group “b” indicated that the tumor area gradually
decreased from the center of the lesion to one side. Slides group “c” indicated that the tumor area developed irregularly from the center of
the lesion to both sides.

Table 1 The general characteristics of the lesions Table 1 (continued)

Clinical characteristics (:1316 :;(7|)esr:o(:/:) (nfgslgs,lin(?%,) Clinical characteristics (:]316;7')6 Sricz;os) (nfgel:)s,i?qn(?%)
Tumor volume (mL) Gleason grade group
<05 58 (42.3) 244 (72.8) 1 28 (20.4) 110 (32.8)
>0.5 and <1 20 (14.6) 25 (7.9) 2 65 (47.4) 151 (45.1)
>1 59 (43.1) 66 (19.7) 3 21 (15.3) 35 (10.4)
T staging 4 7 (5.1) 13 (3.9)
T2a 83 (60.6) 263 (78.5) 5 16 (11.7) 26 (7.8)
T2b 12(8.8) 20(6.0 Clinically significant lesions
T2c 21(15.3) 27(8.1) Tumor volume >0.5 mL 79 (57.7) 91 (27.2)
T3a 15(10.9) 19(5.7) Gleason grade group =2 111 (81.0) 225 (67.2)
T3b 6(4.4) 6(1.8) T staging = T3a 21 (15.9) 25 (7.5)

Table 1 (continued)
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Table 2 Distribution of the lesions confined to the horizontal quarter quadrant

All PV sizes
Variables

15< PV <30 mL

30< PV <45 mL PV =45 mL

Anterior zone Posterior zone Anterior zone Posterior zone Anterior zone Posterior zone Anterior zone Posterior zone

All lesions, n (%)

Left half

80 (29.0) 69 (25.0) 27 (25.0) 32 (29.6) 37 (35.6) 23 (22.1) 16 (25.0) 14 (21.9)
Right half 54 (19.6) 73 (26.4) 22 (20.4) 27 (25.0) 16 (15.4) 28 (26.9) 16 (25.0) 18 (28.1)
Clinically significant lesions, n (%)
Left half 50 (28.1) 45 (25.3) 15 (21.1) 21 (29.6) 25 (37.9) 15 (22.7) 10 (24.4) 9 (22.0)
Right half 34 (19.1) 49 (27.5) 13 (18.3) 22 (31.0) 7 (10.6) 19 (28.8) 14 (34.1) 8(19.5)
PV, prostate volume.
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Figure 3 Distribution of all lesions (A) and clinically significant lesions (B) with a single positive slide.

(P=0.005).

In the vertical direction, there were 151 lesions with
single positive slides, including 72 clinically significant
lesions. The distribution is shown in Figure 3. The number
of lesions with single positive slides in the superior and
inferior halves of the prostate was 63 (41.7%) and 111
(73.5%), respectively (P<0.001). The numbers of clinically
significant cancer lesions in the superior and inferior
halves of the prostate were 32 (45.7%) and 52 (72.2%),
respectively (P=0.001). The number of lesions with a single

© Translational Cancer Research. All rights reserved.

positive slide above the apex 0.5-1.4 cm was 75 (49.7%).
The number of clinically significant lesions with a single
positive slide above the apex 0.5-1.4 cm was 40 (55.6%).
Concerning the categorization based on different PVs,
the apex above 0.5-0.8 cm exhibited the highest positive
rate of vertical single positive slides in the groups with 15<
PV <30 mL and 30< PV <45 mL for both all lesions (21.4%
and 21.0%, respectively) and clinically significant lesions.
In the group with PV 245 mL, the apex above 1.1-1.4 cm
demonstrated the highest positive rate of vertical single
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Table 3 Distribution of the lesions in vertical direction

Mai et al. The origin and invasion of prostate cancer

Lesions with a single

Centres of lesions,

Positive rates of lesions of

Variables positive slide, % (n/N) P % (n/N) P2 all lesions, % (n/N) P3 P4

Slide 1 7.9 (12/151) - 10.4 (35/335) - 38.8 (130/335) - 0.388
Slide 2 17.2 (26/151) 0.015 20.9 (70/335) <0.001 46.3 (155/335) 0.051 0.346
Slide 3 12.6 (19/151) 0.258 15.5 (52/335) 0.072 45.3 (151/333) 0.811 0.396
Slide 4 12.6 (19/151) >0.99 12.2 (41/335) 0.219 43.5 (117/269) 0.650 0.915
Slide 5 7.3 (11/151) 0.124 4.5 (15/335) <0.001 40.0 (46/115) 0.526 0.203
Slide 6 15.2 (23/151) 0.029 13.7 (46/335) <0.001 40.9 (137/335) 0.866 0.661
Slide 7 3.3 (5/151) <0.001 3.0 (10/335) <0.001 21.7 (25/115) <0.001 0.847
Slide 8 6.6 (10/151) 0.185 6.3 (21/335) 0.043 23.4 (63/269) 0.720 0.883
Slide 9 7.3 (11/151) 0.821 6.9 (23/335) 0.755 22.8 (76/333) 0.863 0.867
Slide 10 7.9 (12/151) 0.828 4.8 (16/335) 0.248 17.3 (58/335) 0.075 0.165
Slide 11 1.3 (2/151) 0.006 1.8 (6/335) 0.03 10.7 (36/335) 0.014 0.708

Slide 1 = the apex; Slide 2 = the apex above 0.5-0.8 (excluding 0.5) cm; Slide 3 = the apex above 0.8-1.1 (excluding 0.8) cm; Slide 4 = the
apex above 1.1-1.4 (excluding 1.1) cm; Slide 5 = the apex above 1.4-1.7 (excluding 1.4) cm; Slide 6 = the middle slide; Slide 7 = the base
below 2.0-2.3 (excluding 2.0) cm; Slide 8 = the base below 1.7-2.0 (excluding 1.7) cm; Slide 9 = the base below 1.3-1.7 (excluding 1.3) cm;
Slide 10 = the base below 1.0-1.3 (excluding 1.0) cm; Slide 11 = the base. P1 was the comparison between the positive rates of two
adjacent slides in lesions with a single positive slide; P2 was the comparison between the positive rates of adjacent slides in centres of
lesions; P3 was the comparison between the positive rates of adjacent slides in all lesions; P4 was the comparison between the positive
rates of lesions with a single positive slide and centres of lesions; “n” represents the number of positive lesions in the corresponding
slide; “N” represents the number of specimens having the corresponding slide. As the volume of the prostate organ varies, the number of

vertical slices would be different.

positive slides for both all lesions (21.2%) and clinically
significant lesions (25.0%).

The invasion of prostate cancer lesions

The median maximum anteroposterior, left-right, and
horizontal diameters of the 335 lesions were 4.0 mm (IQR,
2-10.9 mm), 4.4 mm (IQR, 2-12.1 mm), and 5.4 mm
(IQR, 2.4-14.4 mm), respectively. The maximum left-right
diameter was longer than the maximum anteroposterior
diameter (P=0.046), and the maximum horizontal diameter
was longer than the maximum anteroposterior diameter
(P<0.001) and left-right diameter (P=0.040). The median
of the maximum vertical diameter of all lesions was 6.0 mm
(IQR, 2.8-15.5 mm), which was longer than the maximum
anteroposterior diameter (P<0.001) and the left-right
diameter (P=0.005). No significant difference was found
when compared with the maximum vertical and horizontal
diameters (P=0.421). The results showed that the
invasive tendency of prostate cancer was consistent in the
horizontal and vertical dimensions but less consistent in the

© Translational Cancer Research. All rights reserved.

anteroposterior direction.

In the vertical direction, the distribution of the lesions
with a single positive slide, the centers of the lesions, and
the positive rates of the lesions in vertical slides are shown
in Table 3. There was no significant difference in the vertical
distribution between the 151 lesions with a single positive
slide and the centers of the 335 lesions. For the centers of
the 335 lesions, the positive rate of 0.5-1.1 c¢m above the
apex was the highest (36.4%), which was significantly higher
than that of the adjacent slides (P<0.001). For the positive
rates of lesions in vertical slides, there was no significant
difference between the part 0.5-1.1 cm above the apex and
the adjacent layers. The results showed that more than 1/3
of the lesions originated from 0.5-1.1 cm above the apex.
With the increased volume of these lesions, they invaded
the inferior and superior sides.

Regarding the spatial morphology, the number of lesions
with a tumor area that decreased from the center to both
sides was 85 (46.2%), and the median volume of these
lesions was 1.103 mL (IQR, 0.355-3.138 mL). The number
of lesions with a tumor area that decreased from the center
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to one side was 81 (44.0%), and the median volume of
these lesions was 0.098 mL (IQR, 0.031-0.614 mL).
Opverall, 90.2% of the lesions with tumor areas decreased
from the center to both sides or one side. The median
volume of the remaining 18 (9.8%) lesions that developed
irregularly from the center to both sides was 0.676 mL
(IQR, 0.283-1.676 mL).

Discussion

Analyzing the characteristics of prostate cancer on
pathomorphology can build a bridge to further study the
occurrence and development of prostate cancer from the
perspective of molecular biology. At present, research on
the origin of prostate cancer is mainly based on the zonal
structures, analyzing the prostate’s anatomical structure and
gland distribution to determine the origin, distribution,
and characteristics of lesions (6,13,14). These results show
that most prostate cancer originates from the peripheral
zone, and a few originate from the transitional and central
zones. The research methods on the origin of prostate
cancer in the vertical dimension are based on the results of
the specimen being sectioned into slides. The specimen is
usually divided into the apex, the base, and the middle part
with different slides. Overall, few studies have focused on
this subject, and the original information about prostate
cancer is insufficient due to the small number of slides taken
from the middle part (15). In our study, we took the urethra
as the boundary to study the origin of lesions in four
horizontal quadrants. This anatomical division can provide
more intuitive guidance for transperineal prostate biopsy
guided by B-ultrasound. Zonal selection and improving the
positive rate on anterior and apical sampling have been the
main concerns of prostate biopsy in recent years (16-18).
Our study showed that prostate cancer had the same chance
of origin in the four horizontal quadrants. Therefore,
equal sampling in the four horizontal quadrants through
transperineal biopsy can be suggested. In the vertical
direction, we divided the prostate into the apex, the base,
and various middle slides with a thickness of approximately
3 mm by adopting the standard whole organ sampling
procedure. The number of slides taken from the middle
part was inconsistent among the different specimens. We
selected 11 slides that was present in more than 50% of
the specimens. In this way, not only can the sample size
of each slice be guaranteed, but also the number of layers
can be included as much as possible so that the positive
rate between the slices can be comparable and the original
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information of the prostate would be more sufficient.

Currently, research on autopsy specimens mainly focuses
on prostate cancer’s epidemiological and pathological
characteristics (19-22). Few studies have used autopsy
specimens to analyze the origin of prostate cancer. In
Breslow er al.’s study, 350 prostate cancer lesions were
divided into large, medium, and small lesions. For small
lesions, there was no difference in the distribution in the
anterior and posterior zones divided by the urethra. Most
small lesions originated from the peripheral zone, and with
the increase in tumor volume, the lesions tended to spread
inward. Vertically, this study divided the prostate into
4-6 slides according to the size of the prostate. The results
showed that the second and third slides above the apex had
the highest positive rate (15). However, the number of slices
included in this study was relatively small, which would
inevitably lead to the missing of some information for the
whole prostate organ. Inaba er 4/. studied the distribution
of unsuspected lesions in the peripheral and transitional
zones and revealed the characteristics of these lesions in
cystoprostatectomy specimens (6). Currently, research on
radical prostatectomy specimens for analyzing the origin
of prostate cancer is mainly based on the peripheral,
transitional, and central zones (23,24). Most studies used
autopsy or clinical specimens as independent research
objects, while we selected autopsy specimens and low- and
medium-risk clinical specimens for the combined study.
For autopsy specimens, the tumor volume is often small,
which can be better used to analyze the spatial origin of
prostate cancer. As there is difficulty in obtaining autopsy
specimens and the cost of specimen processing is relatively
high, the research sample size will not be too large. Clinical
specimens with relatively small tumor volumes can well
supplement these shortcomings of autopsy specimens. The
tumor volume of prostate cancer in clinical specimens is
often larger than that of autopsy specimens, so they can be
combined to analyze the tendency of lesions from origin to
invasion. These are the reasons and advantages for us to mix
the autopsy and clinical specimens for analysis.

In our study, we further selected specimens with tumor
volumes equal to or less than one-third of the PV to better
analyze the invasion tendency of prostate cancer. Aiming
to study the origin and invasion of prostate cancer, the
included specimens should have a small tumor volume
rather than specimens with a low Gleason score or low
T stage. Horizontally, we selected lesions limited to the
quarter quadrant and determined their original site in these
four quadrants. Vertically, we creatively adopted the concept
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of a single positive slide and center of the lesion. The
origin of lesions in the vertical direction was determined by
analyzing the distribution of lesions with a single positive
slide. The comparison between the distribution of centers
of lesions and lesions with a single positive slide was used to
demonstrate the credibility of the concept of the center of
the lesion. In our study, there was no significant difference
between the distribution of centers of lesions and lesions
with a single positive slide. We further compared the
distribution of lesions with single positive slides, centers
of lesions, and positive rates of lesions in vertical slides to
analyze the invasive direction of lesions with increasing
tumor volume. The results of our study indicated that
lesions originating from 0.5-1.1 cm above the apex invaded
both the inferior and superior sides with increasing tumor
volume. Clinically significant lesions play a vital role in
the diagnosis and treatment of prostate cancer (25,26).
For lesions with a single positive slide, the distribution of
clinically significant lesions and all lesions were basically
consistent. Our investigation into the correlation between
the origin of lesions and PV revealed that, within the group
with 30< PV <45 mL from the anterior zone, there was
statistically significant increase in tumor positive rate in the
left half compared to the right half. We propose that this
observation can be ascribed to the irregular volume of the
transitional zone on each side of the prostate in the initial
stages of hyperplasia, or the relatively small overall sample
size in our study. Additionally, our research suggests that, as
the PV surpasses a specific threshold, the primary location
of prostate cancer initiation—mainly concentrated in the
vertical direction—tends to shift upward.

Without a false envelope, prostate cancer’s spatial
morphology is generally considered irregular. However,
our study explored the invasive tendency of prostate cancer,
including the maximum left-right, anteroposterior diameter
and horizontal and vertical diameters. The results showed
no significant difference between the maximum vertical and
horizontal diameters. In the horizontal direction, prostate
cancer developed less in the anteroposterior direction.
However, since the P value was close to 0.05, the conclusion
needs to be further verified with a larger sample size. In
addition, our research showed that 90.2% of lesions with
tumor areas decreased from the center to both sides or
one side. The results further indicate that the center of
the lesion can be used as a convincing and recommended
concept for describing the morphology of prostate cancer.

"This study has some shortcomings. On the one hand, this
is a single-center study and may be accompanied by some
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biases in the selection of the clinical and autopsy specimens.
On the other hand, the analysis of the origin and invasion
of lesions is limited to the field of pathomorphology.
However, it is necessary to carry out a genomic analysis
to truly determine the origin of these lesions. Moreover,
considering the clonal evolution and heterogeneity of
prostate cancer, the occurrence and development of prostate
cancer seem more complex at the molecular biological level
(27,28). This also points out the direction for our future
work. Ultimately, the basic information of our included
patients lacks details regarding the treatment of benign
prostatic hyperplasia with 5-alpha reductase inhibitors, such
as finasteride. These medications selectively constrict the
prostate transition zone, potentially creating more room in
the peripheral zone and influencing the outcomes related to
lesion origin and progression.

Conclusions

In our study, the origin of prostate cancer was consistent
in four horizontal quadrants. Approximately 50% of the
lesions originate from the apex above 0.5-1.4 cm. The
invasive tendency of prostate cancer was consistent in
the horizontal and vertical dimensions but less so in the
anteroposterior direction. About ninety percent of lesions
with tumor area decreased from the center to both sides or
one side.
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