Exploratory Research and Hypothesis in Medicine 2022 vol. 7(3) | 179-183
DOI: 10.14218/ERHM.2022.00028

=

L))

Check for
updates

Evolving Hypothesis that Prostate/BPH Size Matters in
Protection against Prostate Cancer

Jake Sellers and Werner T.W. de Riese”

Department of Urology, School of Medicine, Texas Tech University Health Sciences Center, Lubbock, Texas, United States

Received: February 23,2022 | Revised: April 11,2022 | Accepted: April 14,2022 | Published: May 20, 2022

Abstract

Benign prostatic hyperplasia (BPH) and prostate cancer (PCa) are the two predominant urologic diseases affecting
aging men. As a matter of fact, 95-98% of elderly men with prostate as their “primary organ disease” for consult-
ing urologists have either the clinical diagnosis of BPH, PCa or both. Other primary diagnoses of the prostate such
as sarcoma, lymphoma or isolated bacterial prostatitis (not in the context of a systemic urinary tract infection) are
rare entities. Although BPH and PCa are very common, their interaction is currently not well understood. Numerous
clinical studies and meta-analysis reviews have demonstrated a negative correlation between prostate BPH size and
the probability of PCa presence, but little is known to explain this clinical phenomenon. Recent histo-anatomical and
magnetic resonance imaging studies have revealed data leading to a hypothesis indicating the expanding transition
zone (TZ) in a growing BPH prostate causes mechanical stress within the peripheral zone (PZ) with secondary fibrosis
and atrophy of the glands within the PZ. This dynamic interaction of the TZ against the PZ in a growing BPH-prostate
could explain the negative correlation between BPH size and PCa incidence. The purpose of this review is to present

and discuss the evolving hypothesis that prostate size may matter and be protective against prostate cancer.

Introduction

The two predominant urological diseases impacting aging men
are benign prostatic hyperplasia (BPH) and prostate cancer (PCa).
Over half of men aged over 50 years old show histological findings
of BPH, and PCa remains a highly aggressive malignancy with
still rising rates in the United States.!> Both BPH and PCa are as-
sociated with tissue proliferation and often coincide with each oth-
er, but, until recently, their specific interaction has not been well
understood.? A negative/inverse association between BPH size and
PCa incidence has been well documented in various clinical stud-
ies, a relationship barely challenged in the literature.*3
Investigating the anatomical and histological zonal changes in
a growing prostate may provide further insight into this associa-
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tion. In this context it should be mentioned that a prostate can be
visualized as containing three main zones: the central zone (CZ),
transition zone (TZ), and peripheral zone (PZ). These zones are
distinguished by their embryologic origin, biological function, and
pathological susceptibility.® It is well accepted in the literature that
TZ proliferation provides the main contribution to a BPH prostate
as it grows, and that 80-85% of PCa arises from the PZ.!"7% Ad-
ditionally, studies have shown that large BPH prostates develop
enhanced capsule thickness and PZ glandular tissue atrophy.’!2
This review presents studies that apply different technologies and
methodologies focusing on the interaction between BPH and de-
velopment/incidence of PCa. As far as we know, this is the first
paper summarizing the data and study results leading to the hy-
pothesis on the protective effects of BPH against PCa.

Hypothesis

During BPH growth, the TZ expands, applying pressure directly on
the PZ against the prostatic capsule. This pressure leads to the ac-
cumulation of collagen causing fibrosis and glandular tissue atrophy
within the PZ, where over 80-85% of PCa arises.!® This dynamic
interaction of the TZ against the PZ in a growing BPH-prostate
could explain the negative correlation between BP-size and PCa
incidence. In recent years, there have been different studies using
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Fig. 1. The ‘compression effect’ on the PZ in large prostates. (a) MRl example of a small prostate (21 cc): Axial T2 image of the mid-gland region of a prostate
showing a thick relative peripheral zone (relative to (b)) delineated by the red arrows; (b) MRI example of a large prostate (124 cc): Axial T2 image of the
prostate gland within the mid-gland region of a prostate showing a thin relative peripheral zone (relative to (a)) delineated by the red arrows. MRI, magnetic

resonance imaging; PZ, peripheral zone.

different technologies and methodologies all supporting this idea
that BPH size matters and may be protective against prostate cancer.

Evaluation of hypothesis

Meta-analysis of prostate size and incidence of PCa in transrec-
tal ultrasound studies

A meta-analysis published in 2021 using PubMed and PRISMA
guidelines reviewed the literature over the last 24 years regarding
the correlation between prostate size and biopsy-proven PCa inci-
dence. The results indicated that more than 90% of published stud-
ies demonstrate a highly significant statistical negative correlation
between prostate size and PCa incidence, and the remaining stud-
ies lacked adequate statistical power. In this meta-analysis, there
were no studies indicating a positive association between prostate
size and incidence of PCa.'*

Study of prostate volume association with pathological features
and recurrence

A clinical study published in 2019 examined the association be-
tween prostate volume and pathological features as well as bio-
chemical recurrence during follow up. This study revealed that
patients with a prostate volume >60 cc were less likely to have
high-risk local or node positive disease, or biochemical recurrence
post local treatment. Furthermore, this study also confirmed a neg-
ative relationship between prostate volume and tumor volume.!3
Additionally, the literature shows a decrease in incidence of tumor
upgrading on radical prostatectomy with larger prostate volume
(>50 cc), indicating reduced invasiveness.!0

Mathematical model

In 2019, Lorenzo et al. performed computer-based mathematical
simulation studies on BPH and development of PCa and found that
TZ growth in BPH-prostates mechanically impedes prostate cancer

growth within the PZ. These simulation studies indicate that BPH
growth in the TZ builds up mechanical stress fields within the pros-
tate leading to deformational states, especially in the PZ, that ob-
struct tumor growth and limit invasiveness of developing PCa.'?

MRI study

Magnetic resonance imaging (MRI) is a precise, non-operator de-
pendent and noninvasive imagining technique that allows excel-
lent visualization and measurement of the PZ anatomy within the
prostate.!”18 A recent multiparametric MRI study on biopsy naive
patients investigated the anatomical changes of the PZ in relation to
total prostate size. The findings revealed a ‘compression effect’ on
the PZ in large prostates. This phenomenon is presented in Figure
1: (a) shows a small prostate (21 cc) with a thick PZ, whereas (b)
shows a large prostate (124 cc) with a much thinner PZ. According
to the data of this study, small and midsized prostates presented with
a large range and variation of PZ thickness readings. Once the pros-
tate volume reached a volume near 90 cc and above, PZ thickness
and volume dropped noticeably, as shown in Figure 2. This MRI
study data suggests that the PZ can withstand the mechanical stress
of an expanding TZ in a growing BPH prostate to a certain extent
only; beyond this level of prostate size the PZ gets compressed.!”

Histo-anatomical studies

Histo-anatomical studies have examined the impact of prostate vol-
ume on capsule thickness and cell density of the glands within the
PZ. In this context, it is important to state that the prostatic capsule
found in younger males is a so-called ‘false capsule’ that is located
on the posterior and lateral sides around the prostate. However, it
is largely absent on the prostate anterior aspect. This ‘incomplete’
capsule originates from the periprostatic pelvic fascia and includes
smooth muscle cell layers and a collagenous outer layer.?’ Large
BPH-prostates in elderly men develop additional fibrotic and col-
lagenous layers adjacent and inwardly from the anatomical capsule,
causing the anatomical capsule to thicken. Experienced urologists
often consider this fibrotic layer in a large BPH prostate the ‘surgical
capsule’. This nomenclature is due to a common phenomenon oc-
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Fig. 2. Scatterplot of total prostate volume (cc) and peripheral zone thickness (mm): Patient measurements are represented by blue dots. The stratifica-
tion line (87.5 cc) is denoted in red where average PZT appeared significantly lower after 87.5 cc.

curring in large prostates (>80 cc) where BPH and adenoma can be
easily removed due to the overlying surgical capsule.!*-2! Addition-
ally, in smaller prostates this occurrence is much less pronounced.

Two recent histo-anatomical studies showed significant struc-
tural changes associated with BPH size: not only an increased
capsule thickness, but also decreased glandular cell density within
the PZ, specifically in large prostates when compared to small
prostates.!>?? These histo-anatomical changes have been well il-
lustrated by Guzman et al.?* As 80-85% of PCa originate in the
PZ and as the PZ glandular tissue is vanishing in larger prostates,
these findings support the hypothesis that BPH size might have a
protective effect against PCa.

Prostate cancer prevention trial

The results found in the Prostate Cancer Prevention Trial (PCPT)
can additionally be explained by the previous studies and hypoth-
esis mentioned above. In the PCPT nearly 1,900 patients received
continuous Finasteride, a 5-alpha reductase inhibitor (SARI). The
treatment arm showed an over twofold increase in aggressive PCa
which contradicted the prestudy idea that Finasteride may be use-
ful as a ‘chemoprophylaxis’ against PCa. Finasteride as a SARI
is known to shrink the TZ (the BPH component of the prostate).
The bigger the prostate the more pronounced the shrinkage effect.
This decrease in TZ volume reduces the mechanical stress on the
PZ, thus allowing more space for the growth and recovery of the
glandular epithelial tissue within the PZ which leads to increased
chances for developing PCa.2* The PCPT results support the hy-
pothesis that growing and thus more PZ glandular epithelium
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likely leads to higher chances for developing PCa. The PCPT data
was also used by Lorenzo ef al. in their mathematical model study
showing that “the shrinkage of the prostate induced by Finasteride
reduces the hydrostatic/mechanical stress on the PZ layer that oth-
erwise would have accumulated over years in the BPH tissue; this

leads to a state favoring the development of PCa”.13

Future directions

At least six different study technologies and methodologies (as

listed above) support the hypothesis that BPH-size is providing

a protective effect against PCa. Despite extensive review of the

literature we could not find any studies contradicting the presented

hypothesis. However, we are well aware of deficiencies and short-
comings which should be addressed in future studies:

1. This hypothesis is based on the assumption that BPH initiates
earlier in a growing and aging prostate than PCa (and not the
other way around).

. In the mentioned histo-anatomical papers the non-cancerous
BPH area in radical prostatectomies was analyzed. This is the
only way to study the changes of BPH within the entire prostate
as BPH-prostatectomies do not include the prostate capsule, and
the TUR tissue chips cannot anatomically be relocated within
the prostate gland. Therefore, only low-volume PCa cases are
suitable in histo-anatomical studies. Routine autopsies also do
not include the entire prostate gland, and prospective autopsy
studies for this purpose will take years to collect enough BPH
prostates of all different sizes. Furthermore, severe morbidities
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causing end of life may also affect the histo-anatomical features

of BPH prostates when compared to earlier years in life.

3. Furthermore, in histo-anatomical studies, reconstructing the
anatomy from numerous slides of radical prostatectomy speci-
mens can be challenging. Different pathologists use different
techniques of sample acquisition which may affect the recon-
struction of prostate anatomy. Additionally, slides of interest
that are altered by PCa need to be excluded because cancerous
tissue leads to disruption of the natural PZ and capsule architec-
ture. Also, capsule thickness can vary between prostate speci-
mens, and the boundary separating prostate capsule and BPH
tissue can be challenging to determine.

4. The histo-anatomical studies were all single institutional stud-
ies. Multi-institutional study groups using a more diversified
population would provide more generalized findings.

Despite these limitations, there are sufficient data and reports
that support the hypothesis that BPH size may have a protective
effect against PCa. This hypothesis paper should encourage others
to examine the relationship between both disease entities. If the
outlined hypothesis is correct, it could influence future diagnosis
and treatment of both diseases.

Conclusions

The presented hypothesis provides explanations for the negative
association between BPH size and PCa incidence, a clinical phe-
nomenon well documented in the literature. The presented studies,
different in design, techniques, and methodologies, all support the
idea that as the TZ expands in a growing BPH prostate, the PZ gets
compressed and thinned, a dynamic biological process leading to
fibrosis and atrophy of the PZ glandular tissue where 80-85% of
PCa arises. The presented data are barely challenged in the cur-
rent literature. As BPH and PCa are by far the two most common
urological diseases in elderly men, future research should focus
on this interaction between both entities. This hypothesis paper
should encourage subsequent analysis of this phenomenon by oth-
er researchers and clinicians. If the proposed hypothesis of BPH-
related protective features against PCa is correct, it could influence
future diagnosis and treatment of both diseases.

Acknowledgments

None.

Funding

The authors did not receive any financial support for this publica-
tion.

Conflict of interest

The authors have no conflicts of interest related to this publication.

Author contributions

Study conception and design (JS, WD), IRB approval, material
preparation, data collection, and analysis (JS, WD), first draft of

Sellers J. et al: Interaction BPH and incidence of prostate cancer

the manuscript (JS), revisions of the manuscript (JS, WD). Both
authors have made a significant contribution and have approved
the final manuscript.

Ethical statement

The written informed consent for publication of Figure 1 was ex-
empted by the Institutional Review Board (IRB) of Texas Tech Uni-
versity Health Sciences Center under the approved number L20-147.

References

[1] Alcaraz A, Hammerer P, Tubaro A, Schroder FH, Castro R. Is there evi-
dence of a relationship between benign prostatic hyperplasia and pros-
tate cancer? Findings of a literature review. Eur Urol 2009;55(4):864—
873. doi:10.1016/j.eururo.2008.11.011, PMID:19027219.

[2] Kelly SP, Anderson WF, Rosenberg PS, Cook MB. Past, Current, and
Future Incidence Rates and Burden of Metastatic Prostate Cancer in
the United States. Eur Urol Focus 2018;4(1):121-127. doi:10.1016/j.
euf.2017.10.014, PMID:29162421.

[3] 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.

[4] 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.
$331506, PMID:34676178.

[S] Newton MR, Phillips S, Chang SS, Clark PE, Cookson MS, Davis R, et al.
Smaller prostate size predicts high grade prostate cancer at final pa-
thology. J Urol 2010;184(3):930-937. doi:10.1016/j.juro.2010.04.082,
PMID:20643423.

[6] 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.

[7]1 Turkbey B, Huang R, Vourganti S, Trivedi H, Bernardo M, Yan P, et al.
Age-related changes in prostate zonal volumes as measured by high-
resolution magnetic resonance imaging (MRI): a cross-sectional study
in over 500 patients. BJU Int 2012;110(11):1642-1647. doi:10.1111/
j.1464-410X.2012.11469.x, PMID:22973825.

[8] PengY, 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. ] Magn Reson Imaging 2015;42(6):1733—
1739. doi:10.1002/jmri.24944, PMID:25946664.

[9] FrostJM, Smith LA, Sharma P, de Riese WT. Possible clinical implications
of peripheral zone changes depending on prostate size. Int Urol Nephrol
2019;51(10):1721-1726. doi:10.1007/s11255-019-02221-2, PMID:313
21676.

[10] Fine SW, Reuter VE. Anatomy of the prostate revisited: implications
for prostate biopsy and zonal origins of prostate cancer. Histopathol-
ogy 2012;60(1):142-152. doi:10.1111/j.1365-2559.2011.04004.x,
PMID:22212083.

[11] Weaver PE, Smith LA, Sharma P, Keesari R, Al Mekdash H, de Riese WT.
Quantitative measurements of prostate capsule and gland density and
their correlation to prostate size: possible clinical implications in pros-
tate cancer. Int Urol Nephrol 2020;52(10):1829-1837. doi:10.1007/
$11255-020-02527-6, PMID:32506207.

[12] Holder KG, Galvan B, Knight AS, Ha F, Collins R, Weaver PE, et al. Pos-
sible clinical implications of prostate capsule thickness and glandular
epithelial cell density in benign prostate hyperplasia. Investig Clin Urol
2021;62(4):423-429. doi:10.4111/icu.20200605, PMID:34085792.

[13] 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 U S A 2019;116(4):1152-1161. doi:10.1073/pnas.
1815735116, PMID:30617074.

[14] Moolupuri A, Camacho J, de Riese WT. Association between prostate
size and the incidence of prostate cancer: a meta-analysis and review

182 DOI: 10.14218/ERHM.2022.00028 | Volume 7 Issue 3, September 2022


https://doi.org/10.14218/ERHM.2022.00028
https://doi.org/10.1016/j.eururo.2008.11.011
http://www.ncbi.nlm.nih.gov/pubmed/19027219
https://doi.org/10.1016/j.euf.2017.10.014
https://doi.org/10.1016/j.euf.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/29162421
https://doi.org/10.3322/caac.21166
http://www.ncbi.nlm.nih.gov/pubmed/23335087
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
http://www.ncbi.nlm.nih.gov/pubmed/20643423
http://www.ncbi.nlm.nih.gov/pubmed/7823599
https://doi.org/10.1111/j.1464-410X.2012.11469.x
https://doi.org/10.1111/j.1464-410X.2012.11469.x
http://www.ncbi.nlm.nih.gov/pubmed/22973825
https://doi.org/10.1002/jmri.24944
http://www.ncbi.nlm.nih.gov/pubmed/25946664
https://doi.org/10.1007/s11255-019-02221-2
http://www.ncbi.nlm.nih.gov/pubmed/31321676
http://www.ncbi.nlm.nih.gov/pubmed/31321676
https://doi.org/10.1111/j.1365-2559.2011.04004.x
http://www.ncbi.nlm.nih.gov/pubmed/22212083
https://doi.org/10.1007/s11255-020-02527-6
https://doi.org/10.1007/s11255-020-02527-6
http://www.ncbi.nlm.nih.gov/pubmed/32506207
https://doi.org/10.4111/icu.20200605
http://www.ncbi.nlm.nih.gov/pubmed/34085792
https://doi.org/10.1073/pnas.1815735116
https://doi.org/10.1073/pnas.1815735116
http://www.ncbi.nlm.nih.gov/pubmed/30617074

Sellers J. et al: Interaction BPH and incidence of prostate cancer

[15]

[16]

(17]

(18]

[19]

for urologists and clinicians. Int Urol Nephrol 2021;53(10):1955-1961.
doi:10.1007/s11255-021-02892-w, PMID:34024008.

Buie J, De Riese W, Sharma P. Smaller prostate volume is associated
with adverse pathological features and biochemical recurrence after
radical prostatectomy. Urol Sci 2019;30(6):255-261. doi:10.4103/
UROS.UROS_28_19.

Kassouf W, Nakanishi H, Ochiai A, Babaian KN, Troncoso P, Babaian
RJ. Effect of prostate volume on tumor grade in patients undergoing
radical prostatectomy in the era of extended prostatic biopsies. J Urol
2007;178(1):111-114. doi:10.1016/j.juro.2007.03.013, PMID:1749
9289.

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. ] Magn Reson Imaging 2015;42(6):1733—
1739. doi:10.1002/jmri.24944, PMID:25946664.

Matsugasumi T, Fujihara A, Ushijima S, Kanazawa M, Yamada Y, Shi-
raishi T, et al. Morphometric analysis of prostate zonal anatomy us-
ing 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.

Sellers J, Wagstaff RG, Helo N, de Riese WTW. Quantitative measure-
ments of prostatic zones by MRI and their dependence on prostate

[20]

[21]

[22]

[23]

[24]

DOLI: 10.14218/ERHM.2022.00028 | Volume 7 Issue 3, September 2022

Explor Res Hypothesis Med

size: possible clinical implications in prostate cancer. Ther Adv Urol
2021;13:17562872211000852. doi:10.1177/17562872211000852,
PMID:33868460.

Ayala AG, Ro JY, Babaian R, Troncoso P, Grignon DJ. The prostatic cap-
sule: does it exist? Its importance in the staging and treatment of pro-
static carcinoma. Am J Surg Pathol 1989;13(1):21-27. PMID:2909195.
SEMPLE JE. Surgical capsule of the benign enlargement of the pros-
tate. Its development and action. Br Med J 1963;1(5346):1640-3.
doi:10.1136/bmj.1.5346.1640, PMID:13987912.

Weaver PE, Smith LA, Sharma P, Keesari R, Al Mekdash H, de Riese WT.
Quantitative measurements of prostate capsule and gland density and
their correlation to prostate size: possible clinical implications in pros-
tate cancer. Int Urol Nephrol 2020;52(10):1829-1837. doi:10.1007/
$11255-020-02527-6, PMID:32506207.

Guzman JA, Sharma P, Smith LA, Buie JD, de Riese WT. Histological
changes of the peripheral zone in small and large prostates and pos-
sible clinical implications. Res Rep Urol 2019;11:77-81. doi:10.2147/
RRU.S182781, PMID:30963056.

Thompson IM, Goodman PJ, Tangen CM, Lucia MS, Miller GJ, Ford LG,
et al. The influence of finasteride on the development of prostate can-
cer. N Engl J Med 2003;349(3):215-224. doi:10.1056/NEJM0a030660,
PMID:12824459.

183


https://doi.org/10.14218/ERHM.2022.00028
https://doi.org/10.1007/s11255-021-02892-w
http://www.ncbi.nlm.nih.gov/pubmed/34024008
https://doi.org/10.4103/UROS.UROS_28_19
https://doi.org/10.4103/UROS.UROS_28_19
https://doi.org/10.1016/j.juro.2007.03.013
http://www.ncbi.nlm.nih.gov/pubmed/17499289
http://www.ncbi.nlm.nih.gov/pubmed/17499289
https://doi.org/10.1002/jmri.24944
http://www.ncbi.nlm.nih.gov/pubmed/25946664
https://doi.org/10.1111/bju.13823
http://www.ncbi.nlm.nih.gov/pubmed/28220583
https://doi.org/10.1177/17562872211000852
http://www.ncbi.nlm.nih.gov/pubmed/33868460
http://www.ncbi.nlm.nih.gov/pubmed/2909195
https://doi.org/10.1136/bmj.1.5346.1640
http://www.ncbi.nlm.nih.gov/pubmed/13987912
https://doi.org/10.1007/s11255-020-02527-6
https://doi.org/10.1007/s11255-020-02527-6
http://www.ncbi.nlm.nih.gov/pubmed/32506207
https://doi.org/10.2147/RRU.S182781
https://doi.org/10.2147/RRU.S182781
http://www.ncbi.nlm.nih.gov/pubmed/30963056
https://doi.org/10.1056/NEJMoa030660
http://www.ncbi.nlm.nih.gov/pubmed/12824459

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Hypothesis﻿

	﻿﻿﻿Evaluation of hypothesis﻿

	﻿﻿Meta-analysis of prostate size and incidence of PCa in transrectal ultrasound studies﻿

	﻿﻿﻿Study of prostate volume association with pathological features and recurrence﻿

	﻿﻿﻿Mathematical model﻿

	﻿﻿﻿MRI study﻿

	﻿﻿﻿﻿﻿Histo-anatomical studies﻿

	﻿﻿﻿Prostate cancer prevention trial﻿


	﻿﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿References﻿


