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Purpose: Prostate cancer (PCa) is the most common non-skin cancer in men worldwide and
more than 80% of men with PCa also have histo-anatomical findings of benign prostate
hyperplasia (BPH). It is well documented that BPH develops in the transition zone (TZ),
whereas 80-85% of PCa originates in the peripheral zone (PZ) of the prostate. Possible
causal links between both disease entities are controversially discussed in the current
literature. Some studies have reported that larger prostates have a decreased incidence of
PCa compared to smaller prostates. The purpose of this systematic review is to comprehen-
sively summarize studies analyzing any association between prostate gland volume and
incidence of PCa.

Methods: A thorough literature review was performed between 01.01.1990 through
02.28.2020 using PubMed and applying the “PRISMA” guidelines. Inclusion and exclusion
criteria were defined.

Results: Our systematic review found 41 articles reporting an inverse (negative) relationship
between prostate gland volume and incidence of prostate cancer. Sample sizes ranged from 114
to 6692 patients in these single institutional and multi-institutional studies. Thirty-nine (95%) of
the 41 articles showed a statistically significant inverse relationship. In our search, no study was
found showing a positive correlation between BPH size and the incidence of PCa.
Conclusion: To our knowledge, this is the first systematic review on the important clinical
question of interaction between prostate size and the incidence of PCa. The results are
demonstrating an inverse relationship, and therefore reveal strong evidence that large pros-
tates may be protective of PCa when compared to smaller prostates.
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Introduction

Prostate cancer (PCa) is the most common non-skin cancer in men worldwide.
Despite recent progress in diagnosing and treatment of PCa, there are still
1,600,000 cases and 366,000 deaths annually in the United States.! It is well
documented in the literature that 80-85% of PCa arises from the peripheral zone
of the prostate gland, and metastatic PCa is the third-leading cause of cancer-related
death.?

More than 80% of men with PCa also have histological findings of benign
prostate hyperplasia (BPH) with or without clinical symptoms.” Both disease
entities occur in the same age group (elderly males), have hormone-dependent
growth, and respond to antiandrogen therapy.>* Some clinicians support the
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controversial narrative that BPH is the precursor for PCa.’
But other clinicians state that diagnostics and treatment of
symptomatic BPH may increase the chance of diagnosing
an incidental prostate cancer, and some reports state that
large BPH prostates may be even protective against
PCa.’”® Some recent studies have reported that larger
prostates have a decreased incidence of PCa compared to
smaller prostates, but there are no review papers analyzing
any relationship across multiple institutions and studies.
The purpose of this report is to provide a systematic
review, and therefore more insight regarding any associa-
tion between BPH (prostate gland) volume and the inci-
dence of PCa.

Materials and Methods

A focused literature search was conducted on the PubMed
database according to the Preferred Reporting Items for
(PRISMA)
guidelines.” The predefined search terms “prostate cancer”

Systematic Reviews and Meta-analysis
AND “prostate volume” AND “prostate size” were used to
identify articles describing any relationship between prostate
gland volume and incidence of PCa. The inclusion criteria for
the search were as follows: a) articles in English, b) published
in the years between January Ist, 1990 through
December 31st, 2020, c) cohort studies only in humans, d)
data provided for prostate volumes and e) incidence of
biopsy proven prostate cancer in the reported cohort. The
exclusion criteria were as follows: a) articles not published in
English, b) studies not in humans, c¢) no detailed data on
prostate volume provided in relation to the incidence of
biopsy proven prostate cancer in the cohort, and d) biopsies
in patients after previous treatment for PCa. The extracted
data variables were as follows: authors, journal, year of
publication, sample size of reported cohort, association
between prostate volume and incidence of biopsy-proven
PCa, and p-value to assess statistical significance.

The p-value of the statistical analysis results were taken
from the respective studies, no additional statistics were
performed on the extrapolated data as these listed studies
were all peer-reviewed. These p-values were placed on
a forest plot to graphically compare the significance of
each of the studies’ results using Excel (version 2108).

Results

The literature search identified 41 original articles meeting
the inclusion criteria for review. Figure 1 illustrates the
search strategy and study selection flowchart according to
the PRISMA guidelines.” Table 1 and Figure 2 present the

clinically relevant findings from each study. The studies
ranged from a sample size of 114 to 6692 patients. There
was a mix of single institutional and multi-institutional
studies. For instance, Al-Azab et al assessed prostate
volumes of 1796 patients using transrectal ultrasound
(TRUS) and concluded that “men with a large prostate
volume (larger than 72cc) had a 20.5% risk of prostate
cancer on biopsies compared to men with the smallest
prostate volume (less than 38cc) who had 65.8% risk of
cancer” (p-value <0.001).® Karakiewicz et al reported, in
a sample size of 1974 patients, the highest positive biopsy
rate (39.6%) among prostates smaller than 20cc, whereas
the lowest positive biopsy rate (10.1%) was found in
glands between 80-90cc (p-value <0.02).°

Thirty-nine of the forty-one articles (95%) showed
a statistically significant inverse (negative) relationship
between prostate size and the incidence of PCa with
a p-value of at least <0.05 (Table 1), and the Forest plot
of all studies (Figure 2) showed a significance level of
0.01. In the PRISMA-guided search no study was found
showing a positive correlation between these two clinical
parameters.

Discussion
The inverse relationship between prostate size and the
incidence and aggressiveness of PCa has been demon-
strated in numerous clinical studies as listed in Table 1.
As prostate volume increases, incidence of PCa decreases
and patients with larger prostates have also been shown to
have a better prognosis.'® These findings are rarely chal-
lenged in the recent literature and no study in our systema-
tic review demonstrated a positive correlation between
prostate volume and incidence of PCa. Al-Khalil et al
demonstrated that the incidence of PCa was reduced by
40% in larger prostates with a volume >65cc when com-
pared to smaller prostates with a volume <35cc (p-value
<0.05). The study also showed that out of 110 biopsy-
positive patients with prostates <35cc, 10 patients had
a Gleason score of >8 (9.1%) and out of 27 biopsy-
positive patients with prostates >65cc, only 1 had
a Gleason score of >8 (3.7%)."°

The zones of the prostate gland are divided into the
central zone (CZ), transition zone (TZ), peripheral zone
(PZ), and anterior fibromuscular stroma. These zones arise
from different embryologic origins and are distinguished
by their appearance, anatomic landmarks, biologic func-
tions, and susceptibility to pathology (for details see
Table 2)."" In imaging, TRUS and on MRI, only the PZ
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Figure | PRISMA flowchart for literature search and selection of studies.

Notes: *Literature search range was from January 1990-December 2020: “prostate cancer” AND “prostate volume” AND “prostate size”. **Records excluded by PubMed
automated filter system. Adapted from Liberati A, Altman DG, Tetzlaff | et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that
evaluate health-care interventions: explanation and elaboration. PLoS MED. 2009;6(7):e1000100”.

can be well differentiated from the “rest” of the prostate,
which is often referred to as the “central gland” by radi-
ologist. The term “central gland” must be distinguished
from the term “central zone” which is difficult to isolate on
imaging.

It is well documented in anatomical and imaging stu-
dies that BPH originates in the TZ while 80-85% of PCa
originates in the PZ."""'? A recent review article summar-
ized that the “histo-anatomical changes within the periph-
eral zone caused by BPH growth lead to significant tissue
transformation within the peripheral zone”.'” This trans-
formation causes thickening of the prostatic capsule sec-
ondary to fibrosis which is also called the surgical capsule
by urologists due to the distinctive plane between the TZ

and PZ in large BPH prostates which is much less evident
in small prostates. This process causes epithelial cell atro-
phy within the PZ due to direct pressure-related tissue
injury and reduced blood flow caused by the expanding
TZ in growing BPH. Due to this process, gland atrophy is
seen within the PZ. As 80% of PCa originates from
the glandular epithelium within the PZ this supports the
hypothesis that these dynamic interactions between the
growing TZ and compressed PZ explain the decreased
incidence of PCa in large BPH prostates.'>!'* Sellers et al
performed multiparametric MRI prostate studies on biopsy
naive patients. This study focused on specific PZ measure-
ments which demonstrated compression of the PZ in large
prostates compared to smaller prostates: Small and mid-
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Table | List of Studies and Relationship Between Prostate Size and Incidence of Prostate Cancer, Respectively
Author et al. Journal Year # of Pts (n) Inverse Correlation p-value®
Prostate Size and
Prostate Cancer (Yes/
No/Ambiguous)
Al-Khalil® Int Urol Nephrol 2016 448 Yes <0.05
Al-Khalil'® Res Rep Urol 2016 448 Yes <0.001
Chang®' Oncotarget 2017 247 Yes <0.0001
Zheng*? PLOS One 2019 422 Yes <0.001
Briganti> Eur | Cancer 2007 3412 Yes <0.001
Newton®* J Urol 2009 2880 Yes <0.001
Nepal®® Turk | Uro 2020 659 Yes <0.001
Sooriakumaran® Urol Int 2011 2207 Yes <0.001
Yoon®’ Urol | 2011 474 Yes <0.05
Fang®® Biomed Res Int 2015 345 Yes <0.001
Yadav®® J Endourol 2009 700 Yes 0.001
Al-Azab® J Urol 2007 1796 Yes <0.001
Elliot? Clin Cancer Res 2009 1304 Yes <0.001
Haas* Urol Int 2017 148 Yes 0.004
Colleselli*! BJU Int 2007 345 Yes <0.05
Sfakianos*? BJU Int 2010 3040 Yes 0.0l
Novara® BJU Int 2009 143 Yes 0.002
Ung* J Urol 2003 750 Yes 0.0074
Kobayashi*® Int J Urol 2005 154 Yes <0.0001
Uzzo* Urology 1995 1021 Yes <0.01
Hong*’ Urology 2014 1756 Yes 0.032
Rundle*® Prostate 2017 6692 Yes e
wu? Asian | Androl 2014 1486 Yes <0.05
Porcaro®° Urol Int 2015 251 Yes <0.0001
Porcaro®' Urol Int 2017 596 Yes <0.0001
Fowke®? Cancer Causes Control 2007 286 Yes <0.01
Eskicorapci®? J Urol 2005 503 Yes <0.001
Werahera™* Int ] Clin Exp Pathol 2012 114 Yes b
Bruno®® J Urol 2007 296 Yes <0.001
Kulkarni®® J Urol 2006 369 Yes 0.008
Karakiewicz’ Urology 1997 1974 Yes <0.001
Mir®’ BJU Int 2008 390 Yes 0.001
Kim®® Yonsei Med | 2013 1035 Yes <0.001
Ankerst®” J Urol 2013 1094 Yes <0.0001
Tanaka®® Hinyokika Kiyo 2007 210 Yes <0.001
Tang®' Asian | Androl 2013 261 Yes <0.001
Aganovic®? Med Arh 2012 323 Yes <0.05
Kwon®? BJU Int 2010 579 Yes 0.025
Gohiji®* Cancer 1997 287 Yes 0.0009
Egawa®® Int | Urol 1999 706 Yes <0.0001
Rietbergen®® Urology 1998 1202 Yes <0.0001

Notes: *P-values calculated by each study, respectively. *Studies did not provide p-value.

size prostates had a huge range of PZ thickness whereas
large prostates with a total volume around 90 mL or above
showed a noticeable drop in PZ thickness suggesting the
PZ can resist pressure from the TZ growth to a certain

point only."?

This inverse relationship may also explain the results
of the Prostate Cancer Prevention Trial, where almost
19,000 patients received continuous Finasteride medica-
tion. The treatment arm showed a more than a twofold
increase in high grade aggressive PCa. Finasteride is
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Figure 2 Forest plot for p-value of reviewed studies.

known to affect and reduce the growth of the TZ, thus
giving the glandular epithelium of the PZ more room
within the prostate to grow and expand.'® This clinical
observation has been confirmed by Lorenzo et al in math-
ematical simulation studies analyzing the controversial
effects of 5a reductase inhibitors (SARIs), and found that
“the shrinkage of the prostate induced by 5ARIs reduced

0.02 0.03 0.04 0.05 0.06

the hydrostatic stress that had accumulated over years of
BPH in prostatic tissue, which led to a mechanical state
that favored the development of PCa”.!”

Many studies listed in Table 1 have reported that pros-
tate volume is one of the most significant predictive fac-
tors for the detection of prostate cancer both in univariate

and multivariate analysis. Historically, prostate-specific

Table 2 Summary of Histologic Composition and Embryologic Origins of the Different Zones of the Prostate Gland

Central Zone (CZ)

Transition Zone (TZ) Peripheral Zone (PZ)

Volume of normal prostate (%) 25 5 70
Embryologic origin Wolffian duct Urogenital sinus Urogenital sinus
Origin of prostatic adenocarcinoma (%) 5 10-15 80-85
Benign prostatic hyperplasia (%) - 100 -
Research and Reports in Urology 2021:13 https: 753
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antigen (PSA) alone has not proven to be a good diagnos-
tic tool in detecting PCa but combining or adjusting it with
gland volume, prostate-specific antigen density (PSAD),
has improved its diagnostic value.'®'? Elliott et al demon-
strated that PSA performance was significantly better in
men with smaller prostates at detecting both low-grade and
high-grade PCa.?® Al-Azab et al suggested that a smaller
prostate volume may be the strongest predictor of cancer
detection in the PSA range of 2.0 to 9.0 ng/mL, and that
adjusting for the patient’s prostate volume may help with
earlier detection and decrease the need for repeated pros-
tate biopsies.® Previous studies have shown the amount of
BPH, and not cancer, is the major factor responsible for
the elevation of PSA. However, elevated PSA is the reason
for many patients with large prostates to undergo biopsies
which are often unnecessary and only lead to overdiagno-
sis and subsequent overtreatment.”’ PSAD performance in
detecting PCa is affected by prostate volume. The predic-
tive value of PSAD in detecting PCa is higher in small-
and medium-sized prostates compared to larger glands.
Therefore, many clinical researchers and investigators
have recommended that clinicians should counsel patients
with large prostates and elevated PSA to consider conser-
vative management such as sequential PSA measurements
and not to proceed with biopsies.”>*

As outlined in this systemic review, many recent, sta-
tistically significant and powerful studies are confirming
that BPH may be protective against prostatic cancer sup-
porting the proposed mathematical model by Lorenzo et al
that growth of the TZ due to BPH causes increased hydro-
static pressure and compresses the PZ (where 80-85% of
this  histo-
anatomical process leads to fibrosis and glandular atrophy

PCa originates). As mentioned earlier,
of the PZ, and thus likely lowers the risk of clinically
significant PCa.** This hypothesis is well illustrated by
the histo-anatomical study of Guzman et al in showing
a decrease in gland density and increase in tissue fibrosis
within the PZ in larger prostates when compared to smaller
prostates (see Figure 3A and B).*

We are aware of some limitations as this systematic
review includes a relatively small number of articles that
met the inclusion criteria. Furthermore, the selected stu-
dies, although statistically significant, carried large hetero-
geneity. When reviewing the histo-anatomical studies, the
anatomical reconstruction of the prostate by histological
specimen slides can be challenging. Gross examination
techniques vary greatly among pathologists, with some
using coronal cuts, while others use sagittal or transverse

cuts, leading to differences in the orientation of the differ-
ent portions of the prostate specimen. Due to the nature of
the prostate, localizing the precise boundaries between the
different zones by imaging can be challenging and opera-
tor-dependent (ie, TRUS). This is much less an issue with
MRI. Another limitation is the variability in biopsy proto-
col. Sextant and extended needle biopsies have been
shown to yield different diagnostic power. Some studies
have suggested increasing the number of biopsies for
larger prostates may improve the detection of PCa.
However, studies have proven that past a certain gland

Figure 3 H&E-stained slides of different sized prostate specimens at 50 magnifi-
cation: (A) Small Prostate Specimen (24 g). The external, posterior margin is inked
and marked with an asterisk*. A decent number of hyperplastic glands (as indicated
by arrows) are present and easily visible in the peripheral zone (PZ) close to the
thin capsule (black line). Reproduced with permission from Dove Medical Press
Limited, Guzman JA, Sharma P, Smith LA et al. Histological changes of the peripheral
zone in small and large prostates and possible clinical implications. Res Rep Urol.
2019;11:77-81.%° (B) Large Prostate Specimen (100 g). The external, posterior
margin is also inked and marked with an asterisk¥. The arrow is indicating an
atrophic gland within the extended fibrotic layer/ surgical capsule (black line). This
capsule is much thicker in comparison to Figure 2A, and no hyperplastic glands are
present. Reproduced with permission from Dove Medical Press Limited, Guzman
JA, Sharma P, Smith LA et al. Histological changes of the peripheral zone in small and
large prostates and possible clinical implications. Res Rep Urol. 2019;1 1:77-81.%
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volume the detection rate of PCa differs minimally
between number of biopsies.’®?’ Furthermore, most of
the studies listed in our review were cross-sectional and
observational studies which can cause bias in different
and are difficult to further
Therefore, additional bias assessment on these individual

categories investigate.
studies were not performed. In this context publication
bias should also be mentioned as our review was limited
to the PubMed database and the expertise of the authors
involved.

Even when considering the limitations mentioned
above, this systematic review of clinical studies within
the last 30 years strongly supports the hypothesis of
protective benefits of BPH against development and pro-
gression of clinically significant PCa. With increased use
of multiparametric MRI of the prostate in the diagnostic
and management of PCa, future studies will likely
further elucidate this relationship, in particular because
MRI/Ultrasound Fusion biopsies allow increased preci-
sion in the diagnosis of clinically significant PCa.?%*
This will likely decrease the problem of sampling error
experienced with systematic TRUS prostatic biopsy that
tends to be more prevalent in larger (BPH associated)
prostates.*® As MRI technology and its use in the diag-
nosis of PCa becomes more accessible, future studies
will rectify and decrease the impact of sampling error
bias associated with this hypothesis. If the described
disease process of BPH-induced atrophy of the PZ
glandular tissue and its subsequent protective potential
against PCa is confirmed through future research and
studies, it will have important clinical implications
related to the diagnosis and treatment of BPH and PCa.

Conclusion

This systematic review using the PRISMA guidelines stu-
dies the association of BPH (prostate) size and the inci-
dence of PCa. Ninety-five percent (39/41) of the reviewed
clinical studies show an inverse correlation between these
two clinical parameters. Thus, there is increased evidence
supporting the hypothesis that BPH size may be protective
of PCa. This review and the outlined discussion should
encourage further studies in exploring the relationship
between prostate volume and incidence and aggressiveness
of PCa to better understand this phenomenon. If the out-
lined hypothesis of the dynamic interactions between the
different prostatic zones in a growing prostate is correct, it
will have relevant clinical implications on future diagnosis
and treatment of BPH and PCa.
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