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Introduction
Among elderly men with a prostate condition, 95–98% who have 
“primary organ disease” have been diagnosed with benign pro-
static hyperplasia (BPH), prostate cancer (PCa), or both.1 Other 

primary diagnoses of the prostate, such as sarcoma, lymphoma, 
or metastases from other organ malignancies, have also been re-
ported but are extremely rare.1 PCa is currently the most common 
non-skin cancer and second most common cause of cancer-related 
mortality affecting men in the United States, after lung cancers.2 
Most men older than 50 have histological findings of BPH,3 and 
more than 80% of patients with PCa also have histo-anatomical 
findings of BPH.3–5 Although BPH and PCa are both common and 
characterized by tissue growth, the interaction between the two 
disease states is not well understood.6 Numerous clinical studies 
over recent years have reported an inverse relationship between 
prostate/BPH size and the incidence and aggressiveness of PCa, 
which supports the hypothesis that increasing prostate size may 
be protective against PCa.6 Therefore, studies of the prostate zonal 
anatomy are critical for gaining a better understanding of the inter-
action between BPH and PCa.
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Abstract
Background and objectives: Numerous clinical studies over recent years have reported an inverse relationship between benign 
prostatic hyperplasia (BPH) size and the incidence of prostate cancer (PCa), leading to the clinical hypothesis that the expand-
ing BPH zone damages the glandular tissue where PCa predominately develops. This systematic review aims to establish a 
historical basis and reference on the zonal origin of BPH and prostate cancer (PCa) within the prostate.

Methods: Using the PRISMA guidelines, an in-depth review was conducted of studies published in the PubMed database be-
tween January 1978 and November 2022. Due to clinical heterogeneity in type of study designs, meta-analysis was not possible, 
and a narrative review approach was adopted.

Results: Thirty-eight studies met the inclusion criteria, all of which showed that BPH predominantly develops within the transi-
tion zone (TZ) and that PCa predominantly develops in the peripheral zone (PZ) of the prostate respectively. This report provides 
a systemic overview of the historical evolution on the concept of zonal origin for BPH and PCa. The listed studies support the cur-
rent clinical understanding that BPH mainly originates in the TZ and that the majority of PCa originates in the PZ of the prostate.

Conclusions: To our knowledge, this is the first systemic review on the zonal origin of BPH and PCa and is an important step 
in the context of evidence-based medicine. This review should encourage other clinicians and investigators to further study the 
dynamic interactions between the different prostate zones, in particular between the TZ and the PZ, and whether BPH size may 
be protective against development of PCa.
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The prostate is separated into three main zones based on its 
unique embryologic origin and function: the transition zone (TZ), 
the peripheral zone (PZ), and the central zone.7 While many clini-
cians consider the TZ as the main site for BPH development and 
the PZ as the zone of PCa development,5 there has never been a 
systematic literature review confirming these hypotheses. Thus, 
the purpose of this systematic review is to confirm the basis of the 
zonal origin of BPH and PCa within the prostate.

Methods
A thorough literature search of the PubMed database was con-
ducted according to the Preferred Reported Items for Systematic 
Reviews (PRISMA) guidelines.8 The search terms “origin benign 
prostatic hyperplasia” OR “origin prostate cancer” AND “prostate 
zone” were used to identify studies recording the zonal origin of 
BPH and PCa, respectively. The inclusion criteria for the search 
were as follows: (1) articles in English, (2) published between 
the dates of January 1978 and November 2022, (3) cohort stud-
ies performed only in humans, (4) data provided a comparison of 
prostate zones, and (5) incidence of either BPH or PCa reported 
in the cohorts. The exclusion criteria were as follows: (1) data not 
specifying the zonal origin of either BPH or PCa, and (2) data not 
identifying the incidence of BPH or PCa in relation to their zonal 
origins. Due to clinical heterogeneity in type of study designs, me-
ta-analysis was not possible, and a narrative review approach was 
adopted. Qualifying data were extracted and all studies that met 
the inclusion and exclusion criteria have been presented in the fol-
lowing manner: First author of study, journal, year of publication, 
sample size of patients in the reported cohort, and documented 
percentages of either BPH or PCa findings within the respective 
prostate zones. Percentage values are presented as they were pub-
lished in the listed studies.

The Newcastle-Ottawa Quality Assessment Scale was used to 
assess the quality of the articles and the risk of bias. This scale 
is designed to evaluate the quality of retrospective cohort studies 
based on variables observed in the studies.9 The maximum score 
possible for each study is nine points. Studies have been classified 
based on their scores as either low quality (0–3), moderate quality 
(4–6), or high quality (7–9) (Table 1).10–47

Results
Figure 1 shows the literature search strategy and outlines the PRIS-
MA guidelines utilized for study selection in this review.8 Two re-
viewers independently searched the literature in PubMed for all 
relevant studies and collected the data from each report indepen-
dently. Thirty-eight articles met the inclusion criteria (34 studies 
for PCa and 4 studies for BPH, respectively). Figure 2 and Table 2 
summarize the review results for PCa.10–43 Table 3 summarizes the 
results for BPH.44–47 No information was assumed regarding the 
zone of origin, and all included studies were retrospective studies.

The sample size of the 38 studies included in this review ranged 
from 4 to 2,494 patients or specimens, and some of these studies 
also included large multi-institutional cohorts. For instance, Ire-
mashvili et al. investigated the clinicopathological origin of PCa in 
the PZ on radical prostatectomy specimens.21 Of the 1,411 surgical 
specimens included in this review, PCa originated from the PZ in 
1,141 (80.9%) cases and from the TZ in only 147 (10.4%) cases.21 
None of the studies included from the PRISMA-guided search re-
vealed a larger percentage of PCa originating from the TZ (Table 
2) or BPH originating from the PZ (Table 2).

There were 34 reports on the zonal origin of PCa that included a 
total of 12,708 prostatic specimens, of which 9,210 (72.5%) speci-
mens originated within the peripheral zone.

Discussion
In our systematic review, 38 studies extracted from the literature 
showed overwhelming and significant evidence of the zonal ori-
gins for both BPH and PCa. For example, Kojima et al. found that 
in 101 (88%) of the 115 patients observed, the primary PCa tumor 
originated in the PZ while only 14 (12%) cases originated in the 
TZ.25 Several additional studies supported this histo-pathological 
finding but could not be included in this review as they did not 
meet the inclusion criteria. For instance, Mikolajckyz et al. ex-
cluded transition zone cancers from their sample selection to focus 
on the peripheral zone as the prominent site of PCa. They found 
that pro-prostate-specific antigen levels were significantly higher 
in the PZ compared to the TZ, supporting their hypothesis that pro-
prostate-specific antigen may be a more cancer-specific antigen, 
and thus a better diagnostic parameter for distinguishing PCa in the 
PZ from BPH in the TZ.48

In another interesting study, Wilson et al. analyzed dipeptidyl 
peptidase IV, a multifunctional type II plasma membrane glyco-
protein secreted by the prostate, and found that this protein was 
increased in PCa.49 The results showed more activity of dipeptidyl 
peptidase IV in the PZ compared to the TZ, and that protein ex-
pression was significantly higher in patients with PCa compared 
to their non-cancerous counterparts (p < 0.0001).49 To note a third 
example, Konishi et al. studied transient amplifying cells, a subset 
of basal cell populations within the prostate from which cancers 
are thought to originate. Using flow cytometry, they found that 
the percentage of transient amplifying cell clones was the highest 
in the PZ in PCa specimens, which could be a possible explana-
tion for why prostate cancer predominantly arises within the PZ.50 
These studies all support the hypothesis of the origin of PCa in the 
TZ as outlined in this systematic review.

We also found a number of studies confirming the TZ as the 
origin of BPH, but these studies were not included in this review 
due to not meeting the inclusion criteria. For example, Tsurusaki 
et al. studied the expression and cellular distribution of estrogen 
receptors (ERs), which have been implicated in the pathogenesis 
of BPH.51 Using in situ hybridization and immunohistochemistry, 
they found that ERa expression was restricted to the PZ and ERb 
was mainly expressed in the TZ, suggesting that ERb may play an 
important role in the pathogenesis of BPH in the TZ.51 McNeal 
et al. published a study demonstrating that BPH predominately 
originates in the TZ.46 This study has been cited by many clinical 
reports in recent years, and its results were confirmed by Fisher et 
al. and Roehrborn et al. revealing different gland structures and 
configurations that may lead to new zonal specific and targeted 
treatment options for BPH in the near future.44,47

The inverse relationship between prostate size and the incidence 
and aggressiveness of PCa has been well demonstrated in numer-
ous recent clinical studies.52–55 As prostate volume increases, the 
incidence of PCa decreases, and patients with larger prostates have 
also been shown to have a better prognosis.56 These findings are 
not challenged in the recent literature, and no systematic reviews 
or meta-analyses have shown evidence to the contrary.6,52,55,57–59 
This inverse relationship supports the hypothesis that BPH size 
may be protective against PCa. One potential explanation for this 
phenomenon could involve dynamic zonal changes in a growing 
prostate. As a BPH prostate grows, the TZ expands and causes di-
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rect mechanical pressure on the outer PZ, which is trapped with-
in the prostate capsule. As histological studies have shown, this 
growth-related mechanical pressure and stress can lead to fibro-
sis and glandular tissue atrophy within the PZ, where 80–85% of 

PCa originates.60–63 This dynamic interaction between the prostate 
zones may explain the decreased incidence of PCa in patients with 
larger BPH prostates. However, the assumption that BPH predomi-
nantly originates in the TZ and PCa predominately originates in 

Table 1.  Risk of bias assessment using the Newcastle-Ottawa Quality Assessment Scale (NOS)

First Author Selection  
(Out of 4)

Comparability  
(Out of 2)

Outcome  
(Out of 3)

NOS Score Total  
(Out of 9) Quality Classification

Al-Ahmadie HA10 4 1 2 7 High
Alver KH11 3 1 2 6 Moderate
Barbissan F12 2 1 3 6 Moderate
Braun M13 4 2 3 9 High
Carroll PR14 3 1 2 6 Moderate
Chun FK15 3 1 2 6 Moderate
Cohen RJ16 4 2 3 9 High
Falzarano17 3 1 3 7 High
Garcia JJ18 3 1 2 6 Moderate
Gopalan A19 3 1 2 6 Moderate
Greene DR20 4 1 3 8 High
Iremashvili21 3 1 3 7 High
Kanao K22 3 1 2 6 Moderate
Kimura T23 3 1 3 7 High
King CR24 2 1 3 6 Moderate
Kojima M25 3 1 3 7 High
Lee F26 3 1 3 7 High
Li Y27 3 1 3 7 High
Mahjoub S28 4 1 3 8 High
McNeal JE29 3 1 1 5 Moderate
McNeal JE30 3 1 1 5 Moderate
Nevoux P31 4 1 3 8 High
O’Neil LM32 2 1 3 6 Moderate
Ohori M33 3 1 2 6 Moderate
Pepe P34 3 1 3 7 High
Reissigl A35 4 1 2 7 High
Sakai I36 4 2 3 9 High
Sakai I37 3 1 3 7 High
Sato S38 3 1 3 7 High
Sinnott M39 4 1 3 8 High
Stamatiou KN40 3 1 2 6 Moderate
Takamatsu41 4 1 3 8 High
Zhen L42 3 1 3 7 High
Zhou Y43 3 1 3 7 High
Fisher JD44 - - -
Jones DR45 3 1 2 6 Moderate
McNeal J46 3 1 2 6 Moderate
Roehrborn CM47 - - -
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Fig. 1. PRISMA flowchart for literature search and study selection, modified according to Page et al.8 

Fig. 2. Studies investigating the zonal origin of PCa. PCa, prostate cancer.
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the PZ is crucial for this outlined hypothesis. Although this as-
sumption is a well-accepted clinical concept, to the best of our 
knowledge a systematic literature review on this important ques-
tion has never been reported.

There are some limitations of this review. First, only a relatively 

small number of articles met the inclusion criteria. There was a 
significantly greater number of studies on the origin of PCa (34) 
than studies on the origin of BPH (4). This is likely due to the 
exceedingly clinical importance of PCa as the most common non-
skin related cancer affecting men worldwide.5 There could also be 

Table 2.  Studies investigating the zonal origin of PCa

First Author Journal Year N*
Number of pros-
tatic tumor specimens 
with PZ origin (%)

Number of pros-
tatic tumor specimens 
with TZ origin (%)

Does the study support 
that PCa originates 
primarily in the PZ?

Al-Ahmadie HA10 Am J Surg Pathol. 2008 197 97 (49.9%) 70 (35.5%) Yes

Alver KH11 J Magn Reson Imaging. 2022 63 53 (84.1%) 10 (15.9%) Yes

Barbissan F12 BJU Int. 2009 123 96 (78.1%) 9 (7.3%) Yes

Braun M13 Histopathology 2011 156 145 (92.9%) 11 (7.1%) Yes

Carroll PR14 J Urol 1992 17 14 (81%) ** 0 (0%) Yes

Chun FK15 Eur Urol 2007 1262 1147 (90.9%) 115 (9.1%) Yes

Cohen RJ16 J Urol. 2008 2494 1589 (63.37%) 842 (33.8%) Yes

Falzarano17 J Urol 2010 106 104 (98.1%) 2 (1.9%) Yes

Garcia JJ18 Am J Surg Pathol 2008 215 152 (70.7%) 63 (29.3%) Yes

Gopalan A19 Histopathology 2013 136 75 (55.1%) 61 (44.9%) Yes

Greene DR20 Br J Urol 1991 96 86 (90%) ** - Yes

Iremashvili21 Urology 2012 1441 1141 (79.2%) 147 (10.2%) Yes

Kanao K22 BJU Int 2013 800 648 (81.0%) 152 (19.0%) Yes

Kimura T23 Pathol Int 2012 92 39 (42.4%) 30 (32.6%) Yes

King CR24 Urol Oncol 2008 494 405 (82.0%) 89 (18.0%) Yes

Kojima M25 Urology 1998 115 101 (87.8%) 14 (12.2%) Yes

Lee F26 Prostate 1985 4 4 (100%) 0 (0%) Yes

Li Y27 BJU Int 2020 203 113 (55.7%) 61 (30%) Yes

Mahjoub S28 Eur J Radiol 2020 309 213 (68.9%) 96 (31.1%) Yes

McNeal JE29 Am J Surg Pathol 1988 88 60 (68.2%) 21 (23.9%) Yes

McNeal JE30 Prostate 2001 571 401 (70.2%) 69 (12.1%) Yes

Nevoux P31 BJU Int 2012 215 162 (75.3%) 53 (24.7%) Yes

O’Neil LM32 BJU Int 2015 382 331 (86.6%) 51 (13.4%) Yes

Ohori M33 Mod Pathol. 2004 1148 677 (59.0%) ** 126 (11.0%) ** Yes

Pepe P34 Int Braz J Urol 2015 180 126 (70.0%) 1 (.6%) Yes

Reissigl A35 Cancer 1997 98 66 (67.3%) 28 (28.6%) Yes

Sakai I36 BJU Int 2005 124 100 (80.6%) 24 (19.4%) Yes

Sakai I37 Int J Urol 2006 134 107 (79.9%) 27 (20.1%) Yes

Sato S38 BJUI Compass 2020 201 115 (57.2%) 85 (42.3%) Yes

Sinnott M39 Prostate 2012 54 47 (87.0%) 7 (13.0%) Yes

Stamatiou KN40 Med Sci Monit. 2009 50 45 (90.0%) - Yes

Takamatsu41 Urol Oncol 2019 638 345 (54.1%) 293 (45.9%) Yes

Zhen L42 Eur J Med Res 2022 429 350 (81.6%) 50 (11.7%) Yes

Zhou Y43 Prostate 2021 73 56 (76.7%) 6 (8.2%) Yes

*N = number of prostatic tumor specimens studied; ** Study reported percentages only, total number of specimens recalculated. PCa, prostate cancer; PZ, peripheral zone; TZ, 
transition zone.
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a bias of excluding specimens from the less-accepted zonal origins 
of PCa and BPH, respectively. Several studies started with larger 
cohorts but excluded various specimens in order to appropriately 
differentiate the zone of origin. For example, Reissigl et al. ini-
tially began their study with 340 patients for prostate biopsy due 
to elevated prostate-specific antigen levels, then 98 of the 340 men 
had biopsy-proven prostate cancer and were included in their final 
study analysis.35 Additionally, all of the studies included in this re-
view were retrospective cohort studies. A broader variety of study 
types, such as prospective and multi-institutional studies, would 
increase statistical power and the validity of the presented conclu-
sions. Our study was also limited to the PubMed database. Using 
other databases and search engines could provide a wider breadth 
of articles and more representative data. Also, in more advanced 
cases it is difficult for researchers to accurately identify the origin 
of PCa. For most studies the origin was assigned to the zone where 
more than 70% of the cancerous tissue was located.37 However, 
the current literature lacks a definite approach in specifying the 
zonal origin.

Despite these limitations, this systematic literature review of the 
last 44 years provides an important and relevant update on the zon-
al origins of two clinically significant prostate diseases in elderly 
men. The presented data confirm that BPH growth predominantly 
occurs in the TZ, whereas the majority of PCa originates in the PZ 
of the prostate. As recent literature indicates that dynamic zonal 
interactions may play a role in the development or suppression of 
PCa, it is crucial that the literature provides a reliable historical 
basis for the zonal origin of these two urologic diseases.

Future directions
This review provides insight for clinicians and researchers to fur-
ther investigate the zonal interactions related to BPH growth and 
its possible effect on PCa development. A better understanding of 
the relationship between BPH/prostate size and PCa development 
will greatly influence future diagnostics and treatment of both 
BPH and PCa.64

Conclusions
To our knowledge, no systematic review on the zonal origin of 
BPH and PCa has been published. This systematic review sum-
marizes the etiologic literature as an important step in evidence-
based medicine on this topic. This review supports the current 
clinical understanding that BPH predominantly originates in the 
TZ, whereas the majority of PCa arises from the PZ of the prostate. 
As BPH and PCa are very common and significant diseases in the 
elderly population, this review should encourage future studies on 
dynamic zonal interactions between BPH and PCa.

Acknowledgments
None.

Funding
None.

Conflict of interest
None.

Author contributions
All authors contributed to the study conception and design. Ma-
terial preparation, data collection, and analysis (JS, SNSH and 
deRWTW), manuscript drafting (JS and SNSH), and manuscript 
revsing (deRWTW, JS and SNSH). IRB approval was waived as 
publicly available data were used. All authors read and approved 
the final manuscript.

References
[1] Sellers J, de Riese WT. Evolving hypothesis that prostate/BPH size 

matters in protection against prostate cancer. Explor Res Hypothesis 
Med 2022;7(3):179–183. doi:10.14218/ERHM.2022.00028.

[2] Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Can-
cer J Clin 2022;72(1):7–33. doi:10.3322/caac.21708, PMID:35020204.

[3] McVary KT. BPH: epidemiology and comorbidities. Am J Manag Care 
2006;12(5 Suppl):S122–128. PMID:16613526.

[4] Bostwick DG, Cooner WH, Denis L, Jones GW, Scardino PT, Murphy 
GP. The association of benign prostatic hyperplasia and cancer of 
the prostate. Cancer 1992;70(Suppl 1):291–301. doi:10.1002/1097-
0142(19920701)70:1+<291::aid-cncr2820701317>3.0.co;2-4, PMID: 
1376199.

[5] Liu FC, Hua KC, Lin JR, Pang ST, Yu HP. Prostate resected weight and 
postoperative prostate cancer incidence after transurethral resec-
tion of the prostate: A population-based study. Medicine (Baltimore) 
2019;98(3):e13897. doi:10.1097/MD.0000000000013897, PMID:306 
53095.

[6] Alcaraz A, Hammerer P, Tubaro A, Schröder FH, Castro R. Is there 
evidence of a relationship between benign prostatic hyperplasia 
and prostate cancer? Findings of a literature review. Eur Urol 2009; 
55(4):864–873. doi:10.1016/j.eururo.2008.11.011, PMID:19027219.

[7] Grignon DJ, Sakr WA. Zonal origin of prostatic adenocarcinoma: are 
there biologic differences between transition zone and peripheral 
zone adenocarcinomas of the prostate gland? J Cell Biochem Suppl 
1994;19:267–269. PMID:7823599.

[8] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mul-
row CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ 2021;372:n71. doi:10.1136/bmj.
n71, PMID:33782057.

Table 3.  Studies investigating zonal origin of BPH

First Author Journal Year N*
Number of benign 
hyperplastic lesions 
with PZ origin (%)

Number of benign 
hyperplastic lesions 
with TZ origin (%)

Does this support 
that BPH origi-
nates from the TZ?

Fisher JD44 Urology in service and board review 2013 – – – Yes

Jones DR45 Br J Urol. 1990 71 54 (76%) – Yes

McNeal J46 Urology 1996 32 32 (100%) 0% Yes

Roehrborn CM47 Campbell’s Urology ed. 9 2007 NA – Yes

*N = number of specimens studied. BPH, benign prostatic hyperplasia; PZ, peripheral zone; TZ, transition zone.

https://doi.org/10.14218/ERHM.2022.00120
https://doi.org/10.14218/ERHM.2022.00028
https://doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/35020204
http://www.ncbi.nlm.nih.gov/pubmed/16613526
https://doi.org/10.1002/1097-0142(19920701)70:1+<291::aid-cncr2820701317>3.0.co;2-4
https://doi.org/10.1002/1097-0142(19920701)70:1+<291::aid-cncr2820701317>3.0.co;2-4
http://www.ncbi.nlm.nih.gov/pubmed/1376199
https://doi.org/10.1097/MD.0000000000013897
http://www.ncbi.nlm.nih.gov/pubmed/30653095
http://www.ncbi.nlm.nih.gov/pubmed/30653095
https://doi.org/10.1016/j.eururo.2008.11.011
http://www.ncbi.nlm.nih.gov/pubmed/19027219
http://www.ncbi.nlm.nih.gov/pubmed/7823599
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057


DOI: 10.14218/ERHM.2022.00120  |  Volume 9 Issue 1, March 2024

Sellers J. et al: Origin of BPH and prostate cancer in prostate zonesExplor Res Hypothesis Med

[9] Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tug-
well P. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality 
of Nonrandomised Studies in Meta-Analyses. 2021. Available from: 
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

[10] Al-Ahmadie HA, Tickoo SK, Olgac S, Gopalan A, Scardino PT, Reuter 
VE, et al. Anterior-predominant prostatic tumors: Zone of origin 
and pathologic outcomes at radical prostatectomy. Am J Surg Pathol 
2008;32(2):229–235. doi:10.1097/PAS.0b013e31812f7b27, PMID:18 
223325.

[11] Alver KH, Yagci AB, Utebey AR, Turk NS, Ufuk F. Comparison of Mul-
tiparametric and Fast MRI Protocols in Detecting Clinically Significant 
Prostate Cancer and a Detailed Cost Analysis. J Magn Reson Imaging 
2022;56(5):1437–1447. doi:10.1002/jmri.28142, PMID:35274792.

[12] Barbisan F, Mazzucchelli R, Scarpelli M, Lopez-Beltran A, Cheng L, 
Kirkali Z, et al. Urothelial and incidental prostate carcinoma in prostates 
from cystoprostatectomies for bladder cancer: is there a relationship 
between urothelial and prostate cancer? BJU Int 2009;103(8):1058–
1063. doi:10.1111/j.1464-410X.2008.08207.x, PMID:19076141.

[13] Braun M, Scheble VJ, Menon R, Scharf G, Wilbertz T, Petersen K, et 
al. Relevance of cohort design for studying the frequency of the ERG 
rearrangement in prostate cancer. Histopathology 2011;58(7):1028–
1036. doi:10.1111/j.1365-2559.2011.03862.x, PMID:21707704.

[14] Carroll PR, Sugimura K, Cohen MB, Hricak H. Detection and staging 
of prostatic carcinoma after transurethral resection or open enu-
cleation of the prostate: accuracy of magnetic resonance imaging. 
J Urol 1992;147(2):402–406. doi:10.1016/s0022-5347(17)37249-x, 
PMID:1370698.

[15] Chun FK, Briganti A, Jeldres C, Erbersdobler A, Schlomm T, Steuber 
T, et al. Zonal origin of localized prostate cancer does not affect 
the rate of biochemical recurrence after radical prostatectomy. Eur 
Urol 2007;51(4):949–955. doi:10.1016/j.eururo.2006.07.008, PMID: 
16904818.

[16] Cohen RJ, Shannon BA, Phillips M, Moorin RE, Wheeler TM, Garrett 
KL. Central zone carcinoma of the prostate gland: a distinct tumor 
type with poor prognostic features. J Urol 2008;179(5):1762–1767. 
doi:10.1016/j.juro.2008.01.017, PMID:18343454.

[17] Falzarano SM, Zhou M, Hernandez AV, Klein EA, Rubin MA, Magi-
Galluzzi C. Single focus prostate cancer: Pathological features and 
ERG fusion status. J Urol 2011;185(2):489–494. doi:10.1016/j.juro. 
2010.09.093, PMID:21167530.

[18] Garcia JJ, Al-Ahmadie HA, Gopalan A, Tickoo SK, Scardino PT, Reuter 
VE, et al. Do prostatic transition zone tumors have a distinct mor-
phology? Am J Surg Pathol 2008;32(11):1709–1714. doi:10.1097/
PAS.0b013e318172ee97, PMID:18769336.

[19] Gopalan A, Leversha MA, Dudas ME, Maschino AC, Chang J, Al-
Ahmadie HA, et al. TMPRSS2-ERG rearrangement in dominant an-
terior prostatic tumours: incidence and correlation with ERG immu-
nohistochemistry. Histopathology 2013;63(2):279–86. doi:10.1111/
his.12153, PMID:23701505.

[20] Greene DR, Wheeler TM, Egawa S, Weaver RP, Scardino PT. Relation-
ship between clinical stage and histological zone of origin in early 
prostate cancer: morphometric analysis. Br J Urol 1991;68(5):499–
509. doi:10.1111/j.1464-410x.1991.tb15394.x, PMID:1747726.

[21] Iremashvili V, Pelaez L, Jordá M, Manoharan M, Rosenberg DL, Solo-
way MS. Prostate cancers of different zonal origin: clinicopathological 
characteristics and biochemical outcome after radical prostatectomy. 
Urology 2012;80(5):1063–1069. doi:10.1016/j.urology.2012.08.012, 
PMID:23107397.

[22] Kanao K, Eastham JA, Scardino PT, Reuter VE, Fine SW. Can transrec-
tal needle biopsy be optimised to detect nearly all prostate cancer 
with a volume of ≥0.5 mL? A three-dimensional analysis. BJU Int 
2013;112(7):898–904. doi:10.1111/bju.12024, PMID:23490279.

[23] Kimura T, Furusato B, Miki J, Yamamoto T, Hayashi N, Takahashi H, et 
al. Expression of ERG oncoprotein is associated with a less aggres-
sive tumor phenotype in Japanese prostate cancer patients. Pathol 
Int 2012;62(11):742–748. doi:10.1111/pin.12006, PMID:23121605.

[24] King CR, Ferrari M, Brooks JD. Prognostic significance of prostate cance 

 

tissue volume on prostate-specific antigen. Urology 1998;51(2):293–

originating from the transition zone. Urol Oncol 2009;27(6):592–597. 
doi:10.1016/j.urolonc.2008.05.009, PMID:18799332.

[25] Kojima M, Troncoso P, Babaian RJ. Influence of noncancerous prostatic 

45

299. doi:10.1016/s0090-4295(97)00497-4, PMID:9495714.
[26] Lee F, Gray JM, McLeary RD, Meadows TR, Kumasaka GH, Borlaza 

GS, et al. Transrectal ultrasound in the diagnosis of prostate can-
cer: location, echogenicity, histopathology, and staging. Prostate 
1985;7(2):117–129. doi:10.1002/pros.2990070202, PMID:2413429.

[27] Li Y, Fu Y, Li W, Xu L, Zhang Q, Gao J, et al. Tumour location determined 
by preoperative MRI is an independent predictor for positive surgi-
cal margin status after Retzius-sparing robot-assisted radical pros-
tatectomy. BJU Int 2020;126(1):152–158. doi:10.1111/bju.15060, 
PMID:32219979.

[28] Mahjoub S, Baur ADJ, Lenk J, Lee CH, Hartenstein A, Rudolph MM, et 
al. Optimizing size thresholds for detection of clinically significant pros-
tate cancer on MRI: Peripheral zone cancers are smaller and more pre-
dictable than transition zone tumors. Eur J Radiol 2020;129:109071. 
doi:10.1016/j.ejrad.2020.109071, PMID:32531720.

[29] McNeal JE, Redwine EA, Freiha FS, Stamey TA. Zonal distribution 
of prostatic adenocarcinoma. Correlation with histologic pattern 
and direction of spread. Am J Surg Pathol 1988;12(12):897–906. 
doi:10.1097/00000478-198812000-00001, PMID:3202246.

[30] McNeal JE, Haillot O. Patterns of spread of adenocarcinoma in the 
prostate as related to cancer volume. Prostate 2001;49(1):48–57. 
doi:10.1002/pros.1117, PMID:11550210.

[31] Nevoux P, Ouzzane A, Ahmed HU, Emberton M, Montironi R, Presti 
JC Jr, et al. Quantitative tissue analyses of prostate cancer foci in an 
unselected cystoprostatectomy series. BJU Int 2012;110(4):517–23. 
doi:10.1111/j.1464-410X.2011.10776.x, PMID:22192756.

[32] O’Neil LM, Walsh S, Cohen RJ, Lee S. Prostate carcinoma with positive 
margins at radical prostatectomy: role of tumour zonal origin in bio-
chemical recurrence. BJU Int 2015;116(Suppl 3):42–48. doi:10.1111/
bju.13173, PMID:26218868.

[33] Ohori M, Kattan M, Scardino PT, Wheeler TM. Radical prostatecto-
my for carcinoma of the prostate. Mod Pathol 2004;17(3):349–359. 
doi:10.1038/modpathol.3800056, PMID:14765206.

[34] Pepe P, Pennisi M, Fraggetta F. Anterior prostate biopsy at initial 
and repeat evaluation: is it useful to detect significant prostate can-
cer? Int Braz J Urol 2015;41(5):844–848. doi:10.1590/S1677-5538.
IBJU.2014.0234, PMID:26689509.

[35] Reissigl A, Horninger W, Fink K, Klocker H, Bartsch G. Prostate car-
cinoma screening in the county of Tyrol, Austria: experience and 
results. Cancer 1997;80(9):1818–1829. doi:10.1002/(sici)1097-
0142(19971101)80:9<1818::aid-cncr21>3.0.co;2-7, PMID:9351555.

[36] Sakai I, Harada K, Hara I, Eto H, Miyake H. A comparison of the biolog-
ical features between prostate cancers arising in the transition and 
peripheral zones. BJU Int 2005;96(4):528–532. doi:10.1111/j.1464-
410X.2005.05678.x, PMID:16104904.

[37] Sakai I, Harada K, Kurahashi T, Yamanaka K, Hara I, Miyake H. Analysis of 
differences in clinicopathological features between prostate cancers lo-
cated in the transition and peripheral zones. Int J Urol 2006;13(4):368–
372. doi:10.1111/j.1442-2042.2006.01307.x, PMID:16734852.

[38] Sato S, Kimura T, Onuma H, Egawa S, Takahashi H. Transition zone 
prostate cancer is associated with better clinical outcomes than pe-
ripheral zone cancer. BJUI Compass 2020;2(3):169–177. doi:10.1002/
bco2.47, PMID:35475132.

[39] Sinnott M, Falzarano SM, Hernandez AV, Jones JS, Klein EA, Zhou M, 
et al. Discrepancy in prostate cancer localization between biopsy and 
prostatectomy specimens in patients with unilateral positive biopsy: 
implications for focal therapy. Prostate 2012;72(11):1179–1186. 
doi:10.1002/pros.22467, PMID:22161896.

[40] Stamatiou KN, Dilernia GC, Ilias GK, Daskalopoulos GK, Koutelekos 
IK, Marianou SN, et al. The phenomenon of multifocality does not 
affect the biologic behavior of histologic prostate carcinoma. Med Sci 
Monit 2009;15(2):BR61–63. PMID:19179963.

[41] Takamatsu K, Matsumoto K, Shojo K, Tanaka N, Takeda T, Morita S, et 
al. The prognostic value of zonal origin and extraprostatic extension 
of prostate cancer for biochemical recurrence after radical prosta-
tectomy. Urol Oncol 2019;37(9):575.e19–575.e25. doi:10.1016/j.
urolonc.2019.03.012, PMID:30967332.

[42] Zhen L, Zhien Z, Hanzi H, Xingcheng W, Yu X, Wenze W, et al. Com-
parison of malignancy and spatial distribution between latent and 

https://doi.org/10.14218/ERHM.2022.00120
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1097/PAS.0b013e31812f7b27
http://www.ncbi.nlm.nih.gov/pubmed/18223325
http://www.ncbi.nlm.nih.gov/pubmed/18223325
https://doi.org/10.1002/jmri.28142
http://www.ncbi.nlm.nih.gov/pubmed/35274792
https://doi.org/10.1111/j.1464-410X.2008.08207.x
http://www.ncbi.nlm.nih.gov/pubmed/19076141
https://doi.org/10.1111/j.1365-2559.2011.03862.x
http://www.ncbi.nlm.nih.gov/pubmed/21707704
https://doi.org/10.1016/s0022-5347(17)37249-x
http://www.ncbi.nlm.nih.gov/pubmed/1370698
https://doi.org/10.1016/j.eururo.2006.07.008
http://www.ncbi.nlm.nih.gov/pubmed/16904818
https://doi.org/10.1016/j.juro.2008.01.017
http://www.ncbi.nlm.nih.gov/pubmed/18343454
https://doi.org/10.1016/j.juro.2010.09.093
https://doi.org/10.1016/j.juro.2010.09.093
http://www.ncbi.nlm.nih.gov/pubmed/21167530
https://doi.org/10.1097/PAS.0b013e318172ee97
https://doi.org/10.1097/PAS.0b013e318172ee97
http://www.ncbi.nlm.nih.gov/pubmed/18769336
https://doi.org/10.1111/his.12153
https://doi.org/10.1111/his.12153
http://www.ncbi.nlm.nih.gov/pubmed/23701505
https://doi.org/10.1111/j.1464-410x.1991.tb15394.x
http://www.ncbi.nlm.nih.gov/pubmed/1747726
https://doi.org/10.1016/j.urology.2012.08.012
http://www.ncbi.nlm.nih.gov/pubmed/23107397
https://doi.org/10.1111/bju.12024
http://www.ncbi.nlm.nih.gov/pubmed/23490279
https://doi.org/10.1111/pin.12006
http://www.ncbi.nlm.nih.gov/pubmed/23121605
https://doi.org/10.1016/j.urolonc.2008.05.009
http://www.ncbi.nlm.nih.gov/pubmed/18799332
https://doi.org/10.1016/s0090-4295(97)00497-4
http://www.ncbi.nlm.nih.gov/pubmed/9495714
https://doi.org/10.1002/pros.2990070202
http://www.ncbi.nlm.nih.gov/pubmed/2413429
https://doi.org/10.1111/bju.15060
http://www.ncbi.nlm.nih.gov/pubmed/32219979
https://doi.org/10.1016/j.ejrad.2020.109071
http://www.ncbi.nlm.nih.gov/pubmed/32531720
https://doi.org/10.1097/00000478-198812000-00001
http://www.ncbi.nlm.nih.gov/pubmed/3202246
https://doi.org/10.1002/pros.1117
http://www.ncbi.nlm.nih.gov/pubmed/11550210
https://doi.org/10.1111/j.1464-410X.2011.10776.x
http://www.ncbi.nlm.nih.gov/pubmed/22192756
https://doi.org/10.1111/bju.13173
https://doi.org/10.1111/bju.13173
http://www.ncbi.nlm.nih.gov/pubmed/26218868
https://doi.org/10.1038/modpathol.3800056
http://www.ncbi.nlm.nih.gov/pubmed/14765206
https://doi.org/10.1590/S1677-5538.IBJU.2014.0234
https://doi.org/10.1590/S1677-5538.IBJU.2014.0234
http://www.ncbi.nlm.nih.gov/pubmed/26689509
https://doi.org/10.1002/(sici)1097-0142(19971101)80:9<1818::aid-cncr21>3.0.co;2-7
https://doi.org/10.1002/(sici)1097-0142(19971101)80:9<1818::aid-cncr21>3.0.co;2-7
http://www.ncbi.nlm.nih.gov/pubmed/9351555
https://doi.org/10.1111/j.1464-410X.2005.05678.x
https://doi.org/10.1111/j.1464-410X.2005.05678.x
http://www.ncbi.nlm.nih.gov/pubmed/16104904
https://doi.org/10.1111/j.1442-2042.2006.01307.x
http://www.ncbi.nlm.nih.gov/pubmed/16734852
https://doi.org/10.1002/bco2.47
https://doi.org/10.1002/bco2.47
http://www.ncbi.nlm.nih.gov/pubmed/35475132
https://doi.org/10.1002/pros.22467
http://www.ncbi.nlm.nih.gov/pubmed/22161896
http://www.ncbi.nlm.nih.gov/pubmed/19179963
https://doi.org/10.1016/j.urolonc.2019.03.012
https://doi.org/10.1016/j.urolonc.2019.03.012
http://www.ncbi.nlm.nih.gov/pubmed/30967332


DOI: 10.14218/ERHM.2022.00120  |  Volume 9 Issue 1, March 2024

Sellers J. et al

46

: Origin of BPH and prostate cancer in prostate zones Explor Res Hypothesis Med

clinical prostate cancer: an 8-year biopsy study. Eur J Med Res 
2022;27(1):175. doi:10.1186/s40001-022-00801-0, PMID:36088348.

[43] Zhou Y, Mai Z, Yan W, Chen Y, Zhou Z, Xiao Y, et al. The character-
istics and spatial distributions of prostate cancer in autopsy speci-
mens. Prostate 2021;81(2):135–141. doi:10.1002/pros.24091, PMID: 
33306857.

[44] Fisher JD. Chapter 2. In: Fisher JD, Pacha T, Santucci RA (eds). Anato-
my. Urology in service and board review. Corpus Christi: BMed press 
LLC; 2013.

[45] Jones DR, Parkinson MC, Griffiths GJ, Davies RL, Peeling WB. Origin and 
structure of benign prostatic hyperplasia. Br J Urol 1990;66(5):506–
508. doi:10.1111/j.1464-410x.1990.tb14998.x, PMID:1701106.

[46] McNeal J, Noldus J. Limitations of transition zone needle biopsy find-
ings in the prediction of transition zone cancer and tissue compo-
sition of benign nodular hyperplasia. Urology 1996;48(5):751–756. 
doi:10.1016/S0090-4295(96)00254-3, PMID:8911519.

[47] Roehrborn CM, McConnell JD. Benign prostatic hyperplasia: Etiology, 
pathophysiology, epidemiology, and natural history. In: Wein AJ, Ka-
voussi LR, Novick AC, Partin AW, Peters CA (eds). CAMPBELL’S Urol-
ogy, 9th ed. Philadelphia: Elsevier; 2007:2734.

[48] Mikolajczyk SD, Millar LS, Wang TJ, Rittenhouse HG, Marks LS, Song 
W, et al. A precursor form of prostate-specific antigen is more highly 
elevated in prostate cancer compared with benign transition zone 
prostate tissue. Cancer Res 2000;60(3):756–759. PMID:10676664.

[49] Wilson MJ, Haller R, Li SY, Slaton JW, Sinha AA, Wasserman NF. El-
evation of dipeptidylpeptidase iv activities in the prostate peripheral 
zone and prostatic secretions of men with prostate cancer: possi-
ble prostate cancer disease marker. J Urol 2005;174(3):1124–1128. 
doi:10.1097/01.ju.0000168621.84017.5c, PMID:16094078.

[50] Konishi N, Shimada K, Nakamura M, Ishida E, Ota I, Tanaka N, et al. 
Function of JunB in transient amplifying cell senescence and progres-
sion of human prostate cancer. Clin Cancer Res 2008;14(14):4408–
4416. doi:10.1158/1078-0432.CCR-07-4120, PMID:18628455.

[51] Tsurusaki T, Aoki D, Kanetake H, Inoue S, Muramatsu M, Hishi-
kawa Y, et al. Zone-dependent expression of estrogen receptors 
alpha and beta in human benign prostatic hyperplasia. J Clin Endo-
crinol Metab 2003;88(3):1333–1340. doi:10.1210/jc.2002-021015, 
PMID:12629127.

[52] Yamashiro JR, de Riese WTW. Any correlation between prostate vol-
ume and incidence of prostate cancer: A review of reported data for 
the last thirty years. Res Rep Urol 2021;13:749–757. doi:10.2147/
RRU.S331506, PMID:34676178.

[53] Newton MR, Phillips S, Chang SS, Clark PE, Cookson MS, Davis 
R, et al. Smaller prostate size predicts high grade prostate can-
cer at final pathology. J Urol 2010;184(3):930–937. doi:10.1016/j.

juro.2010.04.082, PMID:20643423.
[54] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J 

Clin 2013;63(1):11–30. doi:10.3322/caac.21166, PMID:23335087.
[55] Knight AS, Sharma P, de Riese WTW. MRI determined prostate vol-

ume and the incidence of prostate cancer on MRI-fusion biopsy: 
A systemic review of reported data for the last 20 years. Int Urol 
Nephrol 2022;54(12):3047–3054. doi:10.1007/s11255-022-03351-w, 
PMID:36040649.

[56] Freedland SJ, Isaacs WB, Platz EA, Terris MK, Aronson WJ, Amling CL, 
et al. Prostate size and risk of high-grade, advanced prostate cancer 
and biochemical progression after radical prostatectomy: A search 
database study. J Clin Oncol 2005;23(30):7546–7554. doi:10.1200/
JCO.2005.05.525, PMID:16234520.

[57] Sellers J, Ward E, Weaver P, Garza J, brandi L, de Riese WTW, et al. 
Association of prostate size with capsule thickness and glandular 
epithelial cell density: The possible clinical implications on prostate 
cancer development. J Clin Urol 2022;doi:10.1177/20514158221086
399.

[58] Matsugasumi T, Fujihara A, Ushijima S, Kanazawa M, Yamada Y, 
Shiraishi T, et al. Morphometric analysis of prostate zonal anatomy 
using magnetic resonance imaging: impact on age-related changes 
in patients in Japan and the USA. BJU Int 2017;120(4):497–504. 
doi:10.1111/bju.13823, PMID:28220583.

[59] Hricak H, Dooms GC, McNeal JE, Mark AS, Marotti M, Avallone A, et al. 
MR imaging of the prostate gland: normal anatomy. AJR Am J Roent-
genol 1987;148(1):51–58. doi:10.2214/ajr.148.1.51, PMID:3491523.

[60] Lorenzo G, Hughes TJR, Dominguez-Frojan P, Reali A, Gomez H. Com-
puter simulations suggest that prostate enlargement due to benign 
prostatic hyperplasia mechanically impedes prostate cancer growth. 
Proc Natl Acad Sci USA 2019;116(4):1152–1161. doi:10.1073/
pnas.1815735116, PMID:30617074.

[61] McNeal JE. Regional morphology and pathology of the prostate. 
Am J Clin Pathol 1968;49(3):347–357. doi:10.1093/ajcp/49.3.347, 
PMID:5645095.

[62] Peng Y, Shen D, Liao S, Turkbey B, Rais-Bahrami S, Wood B, et al. MRI-
based prostate volume-adjusted prostate-specific antigen in the di-
agnosis of prostate cancer. J Magn Reson Imaging 2015;42(6):1733–
1739. doi:10.1002/jmri.24944, PMID:25946664.

[63] Augustin H, Erbersdobler A, Hammerer PG, Graefen M, Huland H. 
Prostate cancers in the transition zone: Part 2; clinical aspects. BJU 
Int 2004;94(9):1226–1229. doi:10.1111/j.1464-410X.2004.05147.x, 
PMID:15610094.

[64] Lee JJ, Thomas IC, Nolley R, Ferrari M, Brooks JD, Leppert JT. Biologic dif-
ferences between peripheral and transition zone prostate cancer. Pros-
tate 2014;75(2):183–190. doi:10.1002/pros.22903, PMID:25327466.

https://doi.org/10.14218/ERHM.2022.00120
https://doi.org/10.1186/s40001-022-00801-0
http://www.ncbi.nlm.nih.gov/pubmed/36088348
https://doi.org/10.1002/pros.24091
http://www.ncbi.nlm.nih.gov/pubmed/33306857
https://doi.org/10.1111/j.1464-410x.1990.tb14998.x
http://www.ncbi.nlm.nih.gov/pubmed/1701106
https://doi.org/10.1016/S0090-4295(96)00254-3
http://www.ncbi.nlm.nih.gov/pubmed/8911519
http://www.ncbi.nlm.nih.gov/pubmed/10676664
https://doi.org/10.1097/01.ju.0000168621.84017.5c
http://www.ncbi.nlm.nih.gov/pubmed/16094078
https://doi.org/10.1158/1078-0432.CCR-07-4120
http://www.ncbi.nlm.nih.gov/pubmed/18628455
https://doi.org/10.1210/jc.2002-021015
http://www.ncbi.nlm.nih.gov/pubmed/12629127
https://doi.org/10.2147/RRU.S331506
https://doi.org/10.2147/RRU.S331506
http://www.ncbi.nlm.nih.gov/pubmed/34676178
https://doi.org/10.1016/j.juro.2010.04.082
https://doi.org/10.1016/j.juro.2010.04.082
http://www.ncbi.nlm.nih.gov/pubmed/20643423
https://doi.org/10.3322/caac.21166
http://www.ncbi.nlm.nih.gov/pubmed/23335087
https://doi.org/10.1007/s11255-022-03351-w
http://www.ncbi.nlm.nih.gov/pubmed/36040649
https://doi.org/10.1200/JCO.2005.05.525
https://doi.org/10.1200/JCO.2005.05.525
http://www.ncbi.nlm.nih.gov/pubmed/16234520
https://doi.org/10.1177/20514158221086399
https://doi.org/10.1177/20514158221086399
https://doi.org/10.1111/bju.13823
http://www.ncbi.nlm.nih.gov/pubmed/28220583
https://doi.org/10.2214/ajr.148.1.51
http://www.ncbi.nlm.nih.gov/pubmed/3491523
https://doi.org/10.1073/pnas.1815735116
https://doi.org/10.1073/pnas.1815735116
http://www.ncbi.nlm.nih.gov/pubmed/30617074
https://doi.org/10.1093/ajcp/49.3.347
http://www.ncbi.nlm.nih.gov/pubmed/5645095
https://doi.org/10.1002/jmri.24944
http://www.ncbi.nlm.nih.gov/pubmed/25946664
https://doi.org/10.1111/j.1464-410X.2004.05147.x
http://www.ncbi.nlm.nih.gov/pubmed/15610094
https://doi.org/10.1002/pros.22903
http://www.ncbi.nlm.nih.gov/pubmed/25327466

	Abstract
	Introduction
	Methods
	Results
	Discussion
	Future directions
	Conclusions
	Acknowledgments
	Funding
	Conflict of interest
	Author contributions
	References

