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Abstract

Introduction: We sought to determine if prostate cancer (PCa) is
associated with worse lower urinary tract symptoms (LUTS) than
matched benign prostates, with attention to cancer characteristics,
in a contemporary cohort.

Methods: Using a single-institution database (January 1, 2009-
June 30, 2013), men diagnosed with PCa on biopsy and controls
with negative biopsies were matched 1:1 on age, prostate volume,
and a propensity score predicting the probability of PCa diagno-
sis. International Prostate Symptom Score (IPSS) was compared
between PCa cases and controls using paired statistics, stratifying
on grade, cancer volume, stage, and D’Amico risk group. Sensitivity
analyses were performed separately, repeating the match for high-
grade, high-volume, and high-stage cancers only, and excluding
users of benign prostatic hyperplasia medications.

Results: In our cohort of 1330 men (665 with PCa), there were 284
(42.7%) Gleason 6 cancers (Grade Group 1), 315 (47.4%) Gleason
7 cancers (Grade Group 2-3), and 66 (9.9%) Gleason 8-10 cancers
(Grade Group 4-5). There was no difference in IPSS between PCa
cases (median 6.5, interquartile range [IQR] 3-12) and benign
controls (median 7, IQR 3-13; p=0.34). Subgroup analyses based
on cancer grade, volume, or stage, showed no significant differ-
ences in IPSS between men with and without PCa, except among
men with cT2b-cT4 PC (median 9, IQR 5-16) vs. matched benign
counterparts (median 8, IQR 3-12; p=0.03). Sensitivity analyses
supported these findings.

Conclusions: Modern PCa does not appear to be associated with
worse LUTS compared to benign prostates of the same size. Outlet
obstruction is likely a late event in the natural history of PCa. This
has implications for timely PCa detection, which should ideally be
prior to the onset of LUTS.

Introduction

Lower urinary tract symptoms (LUTS) secondary to benign
prostatic hyperplasia (BPH) affect more than 60% of men
over the age of 60.'*

Prostate cancer (PCa) is often considered in the differ-
ential diagnosis of LUTS, based on conventional experi-
ence and cross-sectional data from the pre-prostate-specific
antigen (PSA) era.>” However, cancers being diagnosed in
the modern era are very different from the pre-PSA era.
Evidence substantiating whether PCa contributes to LUTS
in the contemporary setting is lacking.

Thus, we sought to determine if a diagnosis of PCa is
associated with worse LUTS compared to matched controls
without PCa, in a contemporary cohort. Additionally, in
order to understand the characteristics of PCa that may result
in LUTS, the aim was also to determine if the association
varies by D’Amico risk group at diagnosis, cancer volume
on biopsy, grade, and clinical stage. We hypothesized that
only men with high D’Amico risk PCa, high-volume, and
high-stage cancers would have worse LUTS compared to
matched controls.

Methods

Patients and data collection

Patients undergoing biopsy from January 1, 2009—-June 30,
2013 were identified using our prospectively maintained
institutional database of men referred for transrectal ultra-
sound (TRUS)-guided biopsy for PCa suspicion.®® Men
with previous transurethral resection of the prostate (TURP)
were excluded. For patients with multiple biopsies, the most
recent was used. Institutional research ethics board approval
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was obtained, and patient consent was sought for inclusion
in the database.

Patient questionnaires were completed to ascertain ethni-
city, family history of PCa, and use of 5a-reductase inhibit-
ors (5-ARI) or alpha-blockers. Electronic patient charts were
reviewed to gather the patient’s digital rectal exam (DRE)
findings, TRUS-measured prostate volume (TPV), and PSA
values. Biopsies were performed by two high-volume radi-
ologists. Initial biopsies generally involved 10-12 cores and
repeat biopsies involved 13-18 cores. Additional cores were
taken if suspicious lesions were seen on TRUS. Biopsies were
read by genitourinary pathologists.

Exposure and outcome

PCa was classified by cancer volume on biopsy, Gleason
grade, clinical stage (American Joint Committee on
Cancer tumor-node-metastasis [AJCC TNM] staging, seventh
edition).” Low-volume cancer was defined as <3 cores or
<1/3 of total number of cores involved, and no core with
>50% cancer involvement, based on institutional criteria for
low-volume cancer for active surveillance.! High-volume
cancer was arbitrarily defined a priori as >50% of cores
involved and >50% cancer involvement in at least one core.
Intermediate-volume was defined as all other cancers not
fulfilling criteria for low- or high-volume. Patients were also
grouped according to the D’Amico classification into low-
(Gleason 6 [Grade Group 1], stage cT1c/cT2a, and PSA
<10ng/ml), intermediate- (Gleason 7 [Grade Group 2-3],
stage cT2b/cT2c or PSA 10-20ng/ml); and high-risk (Gleason
8-10 [Grade Group 4-5], stage cT3/cT4 or PSA >20ng/ml).
The primary outcome was LUTS, as assessed using an
International Prostate Symptom Score (IPSS) question-
naire'>'? administered immediately prior to biopsy.

Matching

A propensity score to predict the probability of PCa diag-
nosis was created based on age, prostate volume, ethnicity,
family history of PCa, prior negative biopsy, alpha-blocker,
and 5-ARl use. In order to avoid introducing bias by artifi-
cially forcing balance, abnormal DRE or serum PSA were
not included in the propensity score (i.e., patients with and
without PCa should not be balanced on DRE and PSA).
Patients with and without PCa were then hard-matched on
age, prostate volume, and logit of propensity score.

Statistical analysis

Statistical analyses were performed using SAS 9.3 (SAS
Institute Inc., Cary, NC, U.S.). All tests were two-sided, with
p=0.05 considered statistically significant. Standardized dif-
ferences were used to assess balance of clinical characteris-

tics between men with and without PCa. The non-parametric
Wilcoxon signed rank test and box-and-whisker plots were
used to compare IPSS scores between men with and with-
out PCa since values did not follow a normal distribution.
In order to evaluate how cancer volume, grade, and stage
influenced the association between PCa and LUTS, subgroup
analyses were performed stratifying by these parameters (vol-
ume: low vs. intermediate vs. high, as previously defined;
grade: Gleason 6 vs. 7 vs. 8-10; clinical stage: cT1c/T2a vs.
cT2b-T4; D’Amico risk classification: low vs. intermediate
vs. high).

The number of African-Canadians was somewhat imbal-
anced in our main matched cohort and this could not be
corrected by altering the calipers of the propensity score.
We therefore performed a sensitivity analysis that repeated
the match while excluding these subjects to determine if this
was influencing our results. We also performed sensitivity
analyses assessing whether BPH treatment was introducing
bias in the subgroup analyses evaluating high-volume cancer
on biopsy, high-grade, and high-stage disease. In order to
maximize the number of patients matched for each analy-
sis, the match was separately repeated looking at each of
the following groups: 1) high-volume cancers; 2) high-grade
cancers (Gleason 8-10); 3) high clinical T-stage cancers
(clinical T2b-T4). In each of these matched sensitivity analy-
ses, patients on medical therapy for BPH (alpha blockers or
5-ARIs) were excluded.

Results

There were 2055 (997 with PCa) eligible men in the data-
base. The final matched cohort included 1330 men (665
with PCa). Based on this sample size, our study had a power
of 90% to detect a difference in median IPSS score of 1.1
between groups (with alpha=0.05).

Study groups were balanced for all matched parameters
(standardized difference <0.10), with exception to African-
Canadian ethnicity (standardized difference=0.27; Table 1).
Mean age of the total cohort was 62.5 years (standard devia-
tion [SD] 7.4), and median TPV was 42 mL (interquartile
range [IQR] 32-53 mL). Alpha blockers and 5-ARIs were
being used by 170 (12.8%) and 134 (10.0%) men, respect-
ively. Table 2 summarizes the cancer-related characteristics
of the PCa group.

In the primary analysis (Fig. 1), there was no significant
difference in IPSS score when comparing men with PCa
(median 7, IQR 3-12) vs. men without PCa on biopsy (medi-
an 7, IQR 3-13; p=0.34). When stratified by D’Amico risk
group (Fig. 2), there were no significant differences between
men with low- (p=0.25), intermediate- (p=0.42) or high-risk
(p=0.46) PCa vs. matched controls.

The remainder of the subgroup analyses are illustrated
in Supplementary Fig. 1. There was no significant differ-
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Table 1. Matched cohort characteristics

Table 2. Descriptive statistics of subjects with prostate
cancer (n=665)

Patient PCa No PCa Standardized
characteristics n=665 n=665 difference
Age in years, mean 62.4 (7.5) 62.3 (7.6) 0.01
(SD)
Prostate volume in 42 (31-53) 42 (32-53) 0.02
mL, median (IQR)
Ethnicity
Caucasian 463 (69.6) 478 (71.9) 0.05
African descent 63 (9.5) 20 (3.0) 0.27
Mixed/other 139 (20.9) 167 (25.1) 0.10
Known family 147 (22.1) 141 (21.2) 0.02
history of PCa, n (%)
History of prior 153 (23.0) 153 (23.0) 0.00
biopsy, n (%)
Use of alpha 83 (12.5) 87 (13.1) 0.02
blocker, n (%)
Use of 5-ARI, n (%) 66 (9.9) 68 (10.2) 0.01
Abnormal DRE, n 200 (30.1) 149 (22.4) 0.17
(%)
Serum PSA in ng/ 6.10 5.20 0.23
ml, median (IQR) (4.49-8.76) (3.51-7.00)

5-ARI: 5-alpha reductase inhibitor; DRE: digital rectal exam; IQR: interquartile range; PCa:
prostate cancer; PSA: prostate-specific antigen; SD: standard deviation.

Total

Prostate cancer variables PCa arm

(n=665)
Clinical T-stage, n (%) T1c 465 (69.9)
T2a 137 (20.6)

T2b 16 (2.4)

T2c 25 (3.8)

T3-4 22 (3.3)
Gleason score, n (%) 6 (Grade Group 1) 284 (42.7)

7 (Grade Grou
23) P 315 (47.4)
8-10 (Grade

Group 4-5) 661(9.9)
Cancer volume on biopsy, n (%) Low 374 (56.2)
Intermediate 177 (26.6)
High 114 (17.1)
D’Amico risk group, n (%) Low 253 (38.0)
Intermediate 306 (46.0)
High 106 (18.0)
Positive cores (% of total), median (IQR) 25 (11-45)
Max core % involvement, median (IQR) 25 (10-60)

ence in IPSS between men with low-volume (p=0.39), inter-
mediate-volume (p=0.12), and high-volume (p=0.25) cancer
on biopsy compared to matched controls. Similarly, when
stratified by grade, median IPSS scores were not significantly
different for men with Gleason 6/Grade Group 1 (p=0.26),
Gleason 7/Grade Group 2-3 (p=0.53), and Gleason 8-10/
Grade Group 4-5 (p=0.48) cancers compared to matched
controls. When stratified by clinical stage, the IPSS scores
of men with clinical T1c/T2a PCa were not significantly
different from matched controls (p=0.09). Conversely, the
IPSS scores of men with clinical T2b-T4 cancers (median 9,
IQR 5-16) were significantly higher than matched controls
(median 8, IQR 3-12; p=0.03).

To assess whether the imbalance of patients with African-
Canadian ethnicity between study arms influenced study
findings, our first sensitivity analysis repeated the match,
excluding these patients. These results were similar to the
main analysis, and no significant difference in IPSS was noted
between men with and without PCa (p=0.63; Supplementary
Fig. 2). In the second set of sensitivity analyses, we repeated
separate matches for men with high-volume cancer on biop-
sy, high-grade PCa, and high-stage PCa, all while exclud-
ing men using BPH medications; none of the comparisons
reached statistical significance (Supplementary Fig. 2).

Discussion

The comparison of LUTS between men with and without
PCa on biopsy is challenging. The absence of LUTS is a
predictive risk factor for cancer detection on biopsy among

IQR: interquartile range; PCa: prostate cancer.

patients referred for an elevated PSA." Meanwhile, patients
with a negative biopsy are more likely to have BPH (i.e.,
larger prostates and worse LUTS), explaining the elevated
PSA that prompted their initial biopsy referral.''® Therefore,
by direct comparison, patients with PCa may appear to have
lower IPSS scores. Our study used propensity score-matching
to address this source of confounding by inducing balance
in the prevalence of BPH between groups. Notably, in our
matched cohort, men with and without PCa had virtually
identical distributions of prostate volume and similar rates
of BPH medication usage.

In our study, there was no significant difference in IPSS
scores between men with and without PCa on biopsy. Given
that our analysis was well-powered to detect a clinically
relevant difference, type Il error is unlikely. This suggests
that LUTS in contemporary patients with PCa are more likely
due to concurrent BPH rather than their cancer.’'”

Given that approximately 70% of PCa originates in the
peripheral zone,"'® where early cancers would seldom exert
a mass effect on the prostatic urethra, subgroup analyses
were performed to explore whether more aggressive or local-
ly advanced disease would have worse LUTS compared to
matched controls. Patients with higher D’ Amico risk, higher-
grade PC, and higher cancer volume on biopsy did not have
worse IPSS scores compared to matched controls. While dif-
ferences in IPSS between patients with cT2b-T4 disease and
matched controls reached statistical significance (median 9,
IQR 5-16 vs. median=8, IQR 3-12; p=0.03), most would not
consider this difference clinically significant. For example,
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Fig. 1. Comparison of International Prostate Symptom Score (IPSS) between
men with and without prostate cancer: Whole cohort analysis. 1QR:
interquartile range.

a change in IPSS of at least 3—4 points corresponds to a
clinically detectable change in patients’ global feeling of
urination.'?2°

Our findings likely suggest that the development LUTS is a
late event in the natural history of PCa. Peripheral zone PCa
identified at the symptomatic stage is often more advanced
and locally spread, and therefore less amenable to cure.>”
Ductal PCa is a rare exception, since it originates centrally
near the prostatic ducts and can cause bladder outlet obstruc-
tion without having to spread beyond the transition zone.?!

Our findings have implications for PSA screening, which
has been scrutinized over concerns regarding PCa overdiag-
nosis and overtreatment.?>?* However, if PSA screening in
asymptomatic men is abandoned entirely, and we instead
rely on the development of symptoms to prompt work up for
PCa, we truly risk passing up on the opportunity for cure.?#25

Our findings also have implications for the routine evalua-
tion for LUTS. Men presenting to their primary care physician
with LUTS, particularly those with a benign DRE, are unlikely
to find PCa at the root of their symptoms.'” In such patients,
PSA elevation related to BPH is a common finding and can
trigger further evaluation for PCa, independent from their
presenting complaint. A recent study showed that men over
the age of 65 undergoing treatment for LUTS, compared to
untreated men, were over twice as likely to undergo a prostate
biopsy during a 10-year followup, but were no more likely to
be diagnosed with PCa.?® In an era where serum PSA testing
is being subjected to increasing scrutiny, in the absence of
an abnormal DRE, the role of a diagnostic PSA test as part
of the routine evaluation of LUTS needs to be revisited,?28
particularly among older men who may be harmed by over-
diagnosis. This is an issue that is separate from using PSA as
a screening test in men with sufficient life expectancy who
would benefit from the early detection of PCa.

Fig. 2. Comparison of International Prostate Symptom Score (IPSS) between
men with and without prostate cancer: Subgroup analyses by D'Amico risk
group. IQR: interquartile range; PCa: prostate cancer.

The strengths of this study include its methodological
rigour to control for potential confounders. To the best of our
knowledge, our report is the largest to evaluate the associa-
tion between PCa and LUTS in a contemporary cohort. It is
also the largest contemporary study to evaluate the extent
to which D’Amico risk group, cancer volume, grade, and
clinical stage play into the development of LUTS.

There are limitations to this study. Due to the low num-
ber of patients with clinical stages T2b or greater, we were
required to pool all such patients together for statistical pur-
poses. Our study was not adequately powered to perform
subgroup analyses comparing T2b-c, T3, and T4 clinical
stages. Therefore, apart from suggesting that the onset of
LUTS is a relatively late event in the local progression of
PCa, our data cannot assess the T-stage at which LUTS
begin to develop. Finally, our control group may be differ-
ent than the general population of healthy men without PCa
in unmeasurable ways. To the best of our abilities within
an observational study design, we accounted for several
measurable parameters, including prostate volume and BPH
medication use.

Conclusion

In our contemporary cohort that was well-powered to detect
an IPSS change of one point, PCa was not associated with
worse LUTS compared to controls with a negative biopsy.
Bladder outlet obstruction from cancer is likely a late event
in the natural history of PCa. Therefore, in an era where
PCa screening is undergoing increasing scrutiny, the role
of PSA testing in the routine diagnostic evaluation for male
LUTS needs to be revisited, since an extensive search for
PCa in this population will likely lead to PCa overdiagnosis.
Conversely, PSA screening in asymptomatic men should not
be abandoned, since if we rely on the onset of LUTS to
prompt a workup for men harbouring PCa, then we will truly
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risk missing the opportunity for cure in a large number of
men. The pros and cons of PSA testing should be discussed
in all instances.
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Supplementary Fig. 1. Subgroup analyses by cancer volume, grade, and stage. IPSS: International Prostate Symptom Score; IQR: interquartile range; PCa:
prostate cancer.
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Supplementary Fig 2. Sensitivity analyses comparing International Prostate Symptom Score (IPSS) between matched subjects with and without prostate
cancer (PCa). BPH: benign prostatic hyperplasia; IQR: interquartile range.
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