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Abstract

Background: The benefits of PSA-based screening for prostate cancer (PCa) are controversial. The Canadian and
American Task Forces on Preventive Health Care (CTFPHC & USPSTF) have released recommendations against the
use of routine PSA-based screening for any men. We thought to assess the impact of these recommendations on
the outcomes and trends of prostate needle biopsies.

Methods: A complete chart review was conducted for all men who received prostate needle biopsies at McGill
University Health Center between 2010 and 2016. Of those, we included 1425 patients diagnosed with PCa for
analysis. We Compared 2 groups of patients (pre and post recommendations’ release date) using Welch’s t-tests
and Chi-square test. A multivariate logistic regression model was used to analyze variables predicting worse
pathological outcomes.

Results: When the release date of the USPSTF draft (October 2011) was used as a cut-off, we found an average
annual decrease of 10.6% in the total number of biopsies. The median (IQR) baseline PSA levels were higher in
post-recommendations group (n = 977) when compared to pre-recommendations group (n = 448) [8 ng/ml (5.7–12.
9) versus 6.4 ng/ml (4.9–10.1), respectively. P = 0.0007]. Also, post-recommendations group’s patients had higher
Gleason score (G7: 35.4% versus 28.4% and G8-G10: 31.2% versus 18.1%, respectively. P < 0.0001). Moreover, they
had higher intermediate and high-risk PCa classification (36.4% versus 32.8% and 35.5% versus 22.1%, respectively. P
< 0.0001). The recommendations release date was an independent variable associated with higher Gleason score in
prostate biopsies (OR: 2.006, 95%CI: 1.477–2.725). Using the CTFPHC recommendations release date (October 2014)
as a cut-off in further analysis, revealed similar results.

Conclusions: Our results revealed a reduction in the number of prostate needle biopsies performed over time after
the recommendations of the preventive task forces. Furthermore, it showed a significant relative increase in the higher
risk PCa diagnosis. The oncological outcomes associated with this trend need to be examined in further studies.
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Background
Prostate cancer (PCa) is the most frequently diagnosed
cancer in men, with an estimated 202,490 new cases di-
agnosed in North America in 2016 [1, 2]. In Canada, it
is expected that 1 in 8 males will develop PCa in their
lifetime and last year it accounted for 10% of
cancer-related death in Canadian men [2].
Owing to the high incidence rate and the potential for

cure with early detection, screening for PCa using the
prostate specific antigen (PSA) blood test, is a common
practice. Since its emergence in 1986 [3] and its approval
by the Food and Drug Administration in 1994 [4], along
with the digital rectal exam (DRE), PSA has been shown
to be a valuable oncological marker. Epidemiologically this
approach was associated with a dramatic increase in PCa
detection rates and substantial decline in PCa mortality
rates that have fallen by over 50% [5].
However during the last decade, results from major ran-

domized trials, showed mixed evidence regarding the util-
ity of PSA screening, with questionable survival benefit
and significant harms associated with PCa diagnosis and
overtreatment [6–8]. Following these results, the US Pre-
ventive Services Task Force (USPSTF) issued a first rec-
ommendation in 2008 advising against routine screening
in men older than 75 years [9]. Few years later in October
2011 they issued the highly publicized draft recommenda-
tion against PSA screening of all ages, that was finalized as
(Grade D recommendation) in May 2012 [10]. Recently,
in October 2014 the Canadian Task Force on Preventive
Health Care (CTFPHC) issued a similar recommendation
against PCa screening with PSA.
The USPSTF and CTFPHC recommendations may

have changed screening practice and referral patterns
among primary care physicians [11–14]. In the current
study, we aimed to characterize the trends of prostate
needle biopsies as well as to assess for changes in the
pathological outcomes before and after these recommen-
dations, in a tertiary-care academic hospital.

Methods
Data source and study population
The study cohort was built retrospectively through
complete chart review, during the period between January
2010 and December 2016, to analyze data of all patients
who underwent prostate biopsies at McGill University
Health Center. Patients’ information was collected in a
database with an institutional review board-approved
protocol for the collection of data. Our cohort’s patients
were referred to our tertiary-hospital by primary care pro-
viders and were offered trans-rectal ultrasound (TRUS)--
guided prostate biopsy to rule out PCa due to abnormal
laboratory or clinical findings. Data collected included:
demographics, laboratory, clinical, and pathological data
in relation to the first recorded prostate needle biopsy.

From our whole cohort, the exclusion criteria of this study
were: 1) patients who were previously diagnosed with
PCa; 2) repeated biopsies of active surveillance patients; 3)
absent baseline PSA test result; and 4) non-standard nee-
dle biopsies (non-TRUS-guided prostate biopsy and biop-
sies with less than 10 cores).

Biochemical, clinical and pathological evaluation
The baseline serum PSA level was defined as the last PSA
measured before the diagnostic biopsy and up to 3 months
before biopsy. PSA was categorized based on D’Amico risk
score criteria as patients with a PSA of 10.00 ng/ml or less
(sub-categorized into: 4.00 ng/ml or less and 4.01 to
10.00 ng/ml), 10.01 to 20.00 ng/ml and greater than
20.00 ng/ml. Patient’s PSA density (PSAD) was calculated
by dividing baseline PSA to prostate volume measured by
TRUS at time of diagnostic biopsy. Clinical staging was
determined from the TRUS findings at the time of diag-
nostic biopsy or by digital rectal exam (DRE) at the time
of first encounter with the urologist. Individual D’Amico
risk classification score was calculated for each patient
using previously published criteria [15].
Prostate needle biopsies were performed during the

study period by six attending urologists and radiologists,
with the number of cores taken per biopsy varying accord-
ing to the time period of the biopsy (range, 10–20 cores).
All prostate biopsies specimens were reviewed by a team
of four attending pathologists led by dedicated genitouri-
nary pathologist (F.B.). The biopsy findings analyzed in
this study included: the Gleason score (primary and sec-
ondary predominant patterns), the total number of cores,
the number of positive cores, and the maximum percent-
age of cancer on each core. The modifications of the
Gleason grading system, implemented by the International
Society of Urological Pathology over the previous years,
were taken in account during reporting.

Statistical analysis
Descriptive statistics [percentages for categorical vari-
ables and mean (standard deviation = SD or range) and
medians (inter quartile range = IQR) for continuous vari-
ables], respectively, were used to summarize the charac-
teristics of the study population. Age, age categories,
baseline PSA, PSA categories, baseline prostate volume,
PSA density, Gleason score on biopsy, clinical stage and
D’Amico risk classification were compared between pa-
tients who underwent prostate needle biopsies before
recommendation date (USPSTF draft on 7 October 2011
and CTFPHC recommendations on 27 October 2014)
with those who underwent prostate needle biopsies after
the recommendation release date. Comparison between
groups was performed using Chi-square and Welch’s
t-tests. Multivariate logistic regression models were used
to assess the association between the time period of
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prostate biopsy (pre- versus post-recommendation date)
and worse pathological outcomes while adjusting for po-
tential confounding factors and other covariables. Ana-
lyses were performed using the Statistical Analysis
System Software (Version 9 SAS Institute, Cary, North
Carolina). All tests were two-sided with a significance
threshold of 5%.

Results
Our study flowchart is shown in Fig. 1. From our main
cohort of all patients (4362 patients) who underwent
prostate biopsies between January 2010 and December
2016, 1823 (41.7%) patients were diagnosed with PCa
and finally 1425 (32.6%) patients were included for ana-
lysis after applying the study’s exclusion criteria (ex-
cluded 298 (9.1%) patients).
During the study time period, there was a trend of decline

in the total number of prostate needle biopsies performed
over years as shown in Fig. 2, with an average annual de-
crease of 10.6% after the recommendations, this trend was
consistent for biopsies pathologically diagnosed as PCa and
biopsies that showed no evidence of cancer. Also, our results
revealed that relative PCa detection rate did not change sig-
nificantly over study period (p = 0.24), specially before and
after the (USPSTF & CTFPHC) recommendations, but what
actually has changed was the percentage of pathologically
high grade cancer diagnosed, namely G8–10, that increased
by at least 11% in the years immediately after the release of
the 2011 USPSTF draft recommendations.
The baseline clinical, biochemical and pathological

characteristics of the study population were noted in
Table 1. Basically, at the time of diagnosis, the cohort
mean (SD) age was 68.6 (8.72) years, The baseline PSA
was ≤10 ng/mL in 948 (66.5%) patients, 566 (39.7%) pa-
tients had a Gleason score of ≤6 and 477 (33.4%)

patients were classified as having low risk PCa according
to D’Amico risk classification criteria.
The absolute numbers of different pathological grades

diagnosed in biopsies during the study time period are
shown in Table 2, where there was an increase in the
number of G8–10 cases after the USPSTF recommenda-
tion, associated with decline in low grade cancer, espe-
cially G6 cases during the same time period.
Based on USPSTF draft recommendation as a cut-off,

Table 3 is comparing characteristics of 448 patients in
the pre-recommendation group with 977 patients in the
post-recommendation group. Generally, patients in the
post-recommendation group were relatively younger,
and had significantly higher median baseline PSA of
8 ng/ml compared to a median baseline PSA of 6.4 ng/
ml in the pre-recommendation group (p = 0.0007).
Moreover, 37.4% of the post-recommendation group had
a PSA more than 10 ng/ml at diagnosis in comparison
to 25.2% in the pre-recommendation group (p < .0001).
With respect to the clinical and pathological criteria, pa-
tients in the post-recommendation group were more
likely to have higher clinical stage, where 171 (17.5%) pa-
tients had T2c-3a compared to 40 (9%) patients with the
same stage in the pre-recommendation group, as well as
higher Gleason score at diagnostic biopsies, where 305
(31.2%) patients in the post-recommendation group had
Gleason grades 8–10 in comparison to 81 (18.1%) pa-
tients in the pre-recommendation group (p < .0001). Post
recommendation patients were more likely to be classi-
fied into the D’Amico high risk PCa category (35.5% ver-
sus 22.1%, p < .0001).
Applying the Canadian Task force recommendation

date and dividing the cohort similarly into two groups,
before and after the recommendation date yielded simi-
lar results as shown on Table 4.
Results from the multivariate logistic analyses for the

variables predicting worse pathological outcomes in the
prostate needle biopsies, showed that the US task force
recommendation release date was an independent variable
associated with higher Gleason score (G8–10) in biopsies,
with patients who had their biopsies performed after the
recommendation release date having double the odds of
being diagnosed with Gleason score 8–10 (OR: 2.006,
95%CI: 1.477–2.725) as illustrated in Table 5.

Discussion
Over the past few decades, the introduction of the serum
PSA test has been associated with a greater than 50% sig-
nificant reduction in PCa mortality rates in many areas
around the world [5]. It is believed that this downward
mortality path is attributed mainly to the PSA-based
screening programs and improved treatment strategies.
However, despite this decline in PCa specific mortality

Fig. 1 Study flowchart and exclusion criteria
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rates since the early 1990s, controversy about the harms
and benefits of PSA based screening still exist [16].
The harms of PSA screening are well known including

overdiagnosis and overtreatment. The USPSTF and
CTFPHC recommendations against PSA screening were
based mainly on three significant randomized controlled
trials, namely, the Prostate, Lung, Colon and Ovarian
(PLCO) screening trial, the European Randomized Study
of Screening for Prostate Cancer (ERSPC) and the Gote-
borg trial [6, 7, 17].
The task forces have a significant effect on the practice

patterns of primary and specialty healthcare profes-
sionals, as seen with primary care providers with whom
the decision to offer screening usually lies [18].
Following the draft guidelines in October 2011 and the

official recommendations against PSA screening in May
2012 in US and October 2014 in Canada, multiple studies
demonstrated a significant decrease in PSA screening.
Shoag et al. [11] used the US National Ambulatory Med-
ical Care Survey (NAMCS) data and recently reported a
relative 64% decrease in DRE and a 39% decrease in PSA
testing after the recommendations. The decrease was sig-
nificant among men 55 to 69 years old, where the number
of visits in which DRE and PSA testing were performed
decreased 65% and 39%, respectively (p < 0.001).
Drazer et al. [12] reported a significant decline in

PSA-based screening after the recommendations, using
the US National Health Interview Survey (NHIS) data,
with the largest decline among men aged 50–59 years,
where relative screening rates decreased by 25% from

2010 to 2013. Similarly, Jemal et al. [13] showed a de-
crease in the PSA screening rates by 18% between 2010
and 2013 and as in the previous reports, the highest de-
cline was seen among men aged 50–74 years.
On the other hand, Hutchinson et al. [19] did not iden-

tify a significant change in the use of PSA-based screening
as measured by the total annual number of resultant PSA
examinations in their single-center analysis. However, they
reported that patients were referred at progressively
higher average PSA levels. Also, Rahbar et al. [20] in their
recent update of their already published data (14) ex-
tended the previous data analysis with additional years to
determine if the downward trend continued past the im-
mediate response to the recommendation, and they
showed that from 2013 to 2015 there was a
non-significant decrease in PSA screening (only 0.4%). Ac-
cording to them, the absence of a change between these
years might highlight the contrasting recommendations
by different guideline panels regarding the use of this test.
In our study we present the finding of a significant de-

cline in prostate biopsy volume following the USPSTF
and CTFPHC recommendations, where we found an
average annual decrease of 10.6%. Our results matched a
recent report from a community-based urology practice,
where Gaylis et al. [21] examined a total of 3915 prostate
biopsies performed during 4 years, with 1581 (40.4%) of
these prostate biopsies performed in men referred for
newly elevated PSA. They found a 22.8% reduction in bi-
opsies performed in newly referred men. Also in Canada,
Bhindi et al. [22] conducted a time series analysis during

Fig. 2 Rate of prostate needle biopsies performed over study period (2010–2016), with absolute numbers of cases negative for PCa (represented
by green columns) and absolute numbers of cases positive for PCa (represented by red columns), percentage of cases diagnosed with Gleason
grades G8–10 were calculated to the year positive cases (represented by white columns)
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2008 to 2013 of prostate biopsies performed at Univer-
sity Health Network in Toronto, and reported a decline
in the median number of biopsies performed per month
from 58.0 (IQR 54.5–63.0) before the USPSTF recom-
mendations to 35.5 (IQR 27.0–41.0) afterward (p =
0.003). Likewise, Banerji et al. [23] assessed the number
of needle biopsies done at an academic institution in the
US during the 30-month period before and after the
USPSTF recommendation and reported a 31% decrease
in the absolute number of biopsies. Furthermore, Gersh-
man et al. [24], showed that prostate biopsy rates
dropped by 33% from 64.1 to 42.8 per 100,000 person/
months from 2005 to 2014, with the greatest decrease
following the 2012 USPSTF recommendation (− 13.8;
95% CI, − 21.0 to − 6.7; p < 0.001).
Halpern et al. [25] conducted a US national study

across academic and community practice settings and
health plans to evaluate variations in prostate biopsy vol-
umes from 2009 through 2015, they demonstrated geo-
graphic variation in prostate biopsy volumes and an
overall decrease in prostate biopsies after USPSTF rec-
ommendation, the median biopsy volume per urologist
significantly decreased from 29 to 21 (IQR 12–34; p <
0.001), and the total number of annual biopsies de-
creased by 12.7%. After adjustment for practice and
physician characteristics, they reported an overall de-
crease of 28.7% in biopsy volume following 2012. The
greatest decrease in biopsy volume was observed in men
with abnormal PSA, whereas biopsy volume in men
under surveillance for confirmed PCa significantly in-
creased by 28.8%.
Conversely, Misra-Hebert et al. [26] in their study con-

ducted over 160,211 men aged ≥40 years with at least
one visit to a primary care clinic during the years 2007–
2014, reported higher rates of first prostate biopsy in
men who were screened with a PSA test, especially for
men with an increased risk of PCa (African Americans
and men with positive family history). However, when
they used all men aged ≥40 years with a primary care
clinic visit each year as the denominator, overall yearly
rates of prostate biopsy were similar between 2007 and
2014 and for men ≥70 years, biopsy rates decreased in
2014 in comparison to 2007.
In our study, PSA assessments over time revealed that

for men presenting for prostate biopsy, the median PSA
values showed a rising trend after recommendations. This
trend was significant for both USPSTF and CTFPHC rec-
ommendations (p = 0.0007 and 0.037, respectively). In
addition the percentage of men presenting with PSA value
> 10 ng/ml was significantly higher in the post recommen-
dation era (p < .0001 and 0.011, respectively). These find-
ings are consistent with previous two studies [21, 23],
where one reported that post-USPSTF patients had a
higher median PSA (p < 0.001), and was significantly more

Table 1 Baseline clinical, biochemical and pathological features
of the cohort

Parameters Value

Clinical:

Cohort total number of patients: 1425

Age at diagnosis, years, mean (SD): 68.6 (8.72)

Age categories, n (%)

- < 50 years 8 (0.6%)

- 50–74 years 861 (60.4%)

- ≥75 years 556 (39%)

Baseline prostate volume (ml3), median [IQR]: 36.4 [27–49.8]

Clinical stage: n (%)

- T1-2a 859 (60.3%)

- T2b 355 (24.9%)

- T2c-3a 211 (14.8%)

Biochemical:

Baseline PSA (ng/ml), median [IQR] 7.55 [5.4–12]

PSA categories, ng/ml, n (%)

- ≤ 4: 113 (7.9%)

- 4.1–10: 835 (58.6%)

- 10.1–20: 293 (20.6%)

- > 20 184 (12.9%)

PSA density (ng/ml/ml3), median [IQR] 0.21 [0.13–0.36]

Pathological:

Gleason score, n (%)

- Gleason ≤6: 566 (39.7%)

- Gleason 7: 473 (33.2%)

- Gleason 8: 194 (13.6%)

- Gleason 9: 168 (11.8%)

- Gleason 10: 24 (1.7%)

D’Amico risk classification, n (%)

- Low: 477 (33.4%)

- Intermediate: 503 (35.3%)

- High 445 (31.2%)

SD Standard Deviation, IQR Inter Quartile Range, n (%): Number of
patients (Percentage)

Table 2 Absolute numbers of Gleason grades diagnosed during
the study time period

Year

Grade 2010 2011 2012 2013 2014 2015 2016

G8–10 49 49 66 66 57 54 50

G7 77 71 55 75 68 75 59

G6 145 120 89 67 50 36 47

Total 271 240 210 208 175 165 156
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likely to have a PSA between 6.1 and 10 ng/ml (P = 0.019)
or 10.1 and 20 ng/ml (p = 0.002) than the pre-USPSTF pa-
tients. The second study reported that the proportion of
men presenting with PSA > 10 ng/ml increased from 28.1
to 36.8% (p = 0.009).
Among our cohort, we found no significant changes in

the relative PCa detection rate (33.1% to 37.6%) over the
study period. However, we noted worse pathological out-
comes in terms of slight higher absolute numbers and
rates of Gleason grades [8–10] and higher risk classifica-
tion PCa cases diagnosed in the years after the recommen-
dations. Similarly, Hu et al. [27] Using the most recent
Surveillance, Epidemiology, and End Results (SEER) re-
lease, identified 1,107,111 men 40 years or older diagnosed
with PCa from 2004 to 2013 and reported increase in the
percentage presenting with intermediate and high-grade
PCa, from 46.3 to 56.4% (p < .01), in men younger than
75 years, and increase in the proportion of men presenting
with distant metastases from 2.7 to 4.0% (p < .01). Bhindi

et al. [22] in their study also reported no significant differ-
ences in relative cancer detection rates in the year after
versus the year before USPSTF recommendations, but In
contrast with our results, they found significant decrease
(p < 0.001) in the absolute rates of cancer detection after
the USPSTF recommendation statement, where the me-
dian number of Gleason 7–10 PCa detected per month
decreased from 17.5 (IQR 14.5–21.5) to 10.0 (IQR 9.0–
12.0), however, their report was limited to only one year
after the recommendation.
Although our results showed higher rates of high-risk

PCa after the recommendation, the actual absolute number
was a little higher, which may be explained by the pattern
of less aggressive screening during the years after the rec-
ommendations, which led to decreased absolute numbers
and rates of low grade PCa detected during screening.
Barocas et al. [28] investigated the incident diagnoses of

PCa after the USPSTF draft recommendation, based on
US national cancer database, they reported 28% decrease

Table 3 Comparison between groups (according to USPSTF recommendation)

Characteristics Pre-recommendation
448 Pts. (31.5%)

Post-recommendation
977 Pts. (68.5%)

P-value

Age, median [IQR] 74 [68–80] 71 [65–77]

Age at diagnosis, mean [range] 68.2 [41–96] 68.8 [40–93] 0.258

Age categories, n (%) <.0001

- < 50 years 1 (0.2%) 7 (0.7%)

- 50–74 years 234 (52.2%) 627 (64.2%)

- ≥75 years 213 (47.6%) 343 (35.1%)

PSA (ng/ml), median [IQR] 6.4 [4.9–10.1] 8 [5.7–12.9] 0.0007

PSA categories, n (%) <.0001

- ≤4 48 (10.7%) 65 (6.6%)

- 4.01–10 287 (64.1%) 548 (56.1%)

- 10.01–20 76 (16.9%) 217 (22.2%)

- > 20 37 (8.3%) 147 (15.1%)

Prostate volume (ml3), median [IQR] 34.9 [26–46.2] 37.2 [27.1–51] 0.126

PSA density (ng/ml/ml3), median [IQR] 0.19 [0.13–0.33] 0.22 [0.14–0.39] 0.132

Gleason score <.0001

- Gleason 6 240 (53.5%) 326 (33.4%)

- Gleason 7 127 (28.4%) 346 (35.4%)

- Gleason 8–10 81 (18.1%) 305 (31.2%)

Clinical stage <. 0001

- T1-2a 301 (67.1%) 558 (57.1%)

- T2b 107 (23.9%) 248 (25.4%)

- T2c-3a 40 (9%) 171 (17.5%)

D’Amico risk classification <. 0001

Low 202 (45.1%) 275 (28.1%)

Intermediate 147 (32.8%) 356 (36.4%)

High 99 (22.1%) 346 (35.5%)
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Table 4 Comparison between groups (according to CTFPHC recommendation)

Characteristics Pre-recommendation
1078 Pts. (75.6%)

Post-recommendation
347 Pts. (24.3%)

P-value

Age, median [IQR] 73 [67–79] 69 [64–76]

Age at diagnosis, mean [range] 68.4 [40–96] 69.1 [47–91] 0.274

Age categories, n (%) <.0001

- < 50 years 4 (0.4%) 4 (1.1%)

- 50–74 years 615 (57%) 246 (70.8%)

- ≥75 years 459 (42.6%) 97 (27.9%)

PSA (ng/ml), median [IQR] 7.1 [5.2–11.5] 8.8 [6.4–13.4] 0.037

PSA categories, n (%) 0.011

- ≤4 90 (8.4%) 23 (6.6%)

- 4.01–10 652 (60.4%) 183 (52.7%)

- 10.01–20 204 (18.9%) 89 (25.7%)

- > 20 132 (12.2%) 52 (15%)

Prostate volume (ml3), median [IQR] 34.8 [26.4–47.1] 40.3 [29.6–56.9] <.0001

PSA density (ng/ml/ml3), median [IQR] 0.21 [0.14–0.336 0.22 [0.12–0.38] 0.756

Gleason score <.0001

- Gleason 6 473 (43.9%) 93 (26.8%)

- Gleason 7 327 (30.3%) 146 (42.1%)

- Gleason 8–10 278 (25.8%) 108 (31.1%)

Clinical stage 0.035

- T1-2a 669 (62.1%) 190 (54.7%)

- 2b 252 (23.4%) 103 (29.7%)

- 2c-3a 157 (14.5%) 54 (15.6%)

D’Amico risk classification <.0001

- Low 399 (37%) 78 (22.4%)

- Intermediate 356 (33%) 147 (42.4%)

- High 323 (30%) 122 (34.8%)

Table 5 multivariate analyses of factors predicting higher Gleason score on biopsies

Variable Odds ratio estimates

Point estimate 95% Confidence interval P-Value

Post USPSTF recommendation 2.006 1.477–2.725 <.0001

Post CTFPHC recommendation 1.359 0.980–1.868 0.058

Age at diagnosis 1.047 1.032–1.063 <.0001

Baseline PSA 1.074 1.032–1.063 <.0001

Baseline prostate volume 0.990 0.983–0.997 0.006

Baseline PSA density 1.181 0.596–2.343 0.633

Number of cores per biopsy 1.035 0.953–1.124 0.409

TRUS operator (Urologist versus Radiologist) 1.326 0.989–1.778 0.060

Pathology reviewer (F.B. versus others) 1.013 0.793–1.294 0.916
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in the incidence, they noted that the monthly PCa diagno-
ses decreased by 1363 cases (12.2%, p < 0.01) in the month
after the USPSTF draft and continued to decrease by 164
cases per month relative to baseline (− 1.8%, p < 0.01).
Jemal et al. [13] reported more specific decreases in the
early-stage PCa incidence following the 2012 USPSTF rec-
ommendations. The largest decrease occurred between
2011 and 2012, from 498.3 to 416.2 per 100,000 men aged
50 years and older. In addition they recently updated their
results [29] and reported a continuing decline in incidence
rates for early-stage PCa in men aged over 50 years, the
decrease rate was lower in 2012–2013 than that from
2011 to 2012 (6% versus 19%).
Of note, recently the US task force initiated a new update

process of the 2012 recommendation on PCa screening
and in April 2017 they issued a new draft recommendation,
that was published as final recommendation as of May
2018 [30], proposing the following modification based on
additional evidence published since the 2012 recommenda-
tion: - For men aged 55–69: The decision about whether to
be screened for PCa should be an individual one. The
USPSTF recommends that clinicians inform men ages 55
to 69 years about the potential benefits and harms of PSA–
based screening for PCa. (Grade C).
Our study has some limitations including its retrospect-

ive nature, single center experience (related to local net-
work of primary care physician), and being an
observational study that cannot confirm causality. Despite
these limitations, the strengths of our study include being
the first study to assess and report on prostate biopsy out-
comes after both (the US and Canadian) recommenda-
tions, the fair number of patients included and the longer
follow up time after the recommendations. We believe
that our study results with the results of others could be
informative to the health policy makers.

Conclusions
In conclusion, our results revealed a reduction in the
total number of prostate needle biopsies performed over
time after the recommendations of the American and
Canadian preventive task forces against PSA-based
screening for prostate cancer. Furthermore, it showed a
slight increase in absolute high-risk PCa diagnoses and a
significant relative increase in higher risk PCa diagnosis.
The oncological outcomes associated with this trend
need to be examined in further studies.

Abbreviations
CTFPHC: Canadian Task Force on Preventive Health Care; DRE: Digital rectal
exam; IQR: Inter Quartile Range; PCa: Prostate Cancer; PSA: Prostate Specific
Antigen; PSAD: Prostate Specific Antigen Density; SD: Standard Deviation;
TRUS: Trans-Rectal Ultrasound; USPSTF: US Preventive Services Task Force

Funding
This study was supported by Urology division of McGill University and no
external funds were obtained to support this study.

Availability of data and materials
The datasets generated and analysed that support the findings of this study
are available on request from the corresponding author [A.A.] on reasonable
request. The data are not publicly available due to institutional policy of data
handling (containing information that could compromise research
participant privacy/consent).

Authors’ contributions
AsZ: Project development, Data collection, Data analysis, Manuscript writing.
AD: Project development, Data analysis, Manuscript writing. FB: Project
development, Data collection, Manuscript writing. WK: Project development,
Manuscript writing. ST: Project development, Manuscript writing. AA: Project
development, Data analysis, Manuscript writing. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
Patients’ information was collected in a database with an institutional review
board-approved protocol for the collection of data. The institutional (MUHC)
Research Ethics Board (REB) approved the study and no specific consent
forms were required to participate in this retrospective data analysis.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Surgery, Division of Urology, McGill University, McGill
University Health Centre, 1001 Boulevard Decarie, Montreal, Quebec H4A 3J1,
Canada. 2Department of Pathology, McGill University, Montreal, Quebec,
Canada.

Received: 24 May 2018 Accepted: 13 August 2018

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016;

66(1):7–30.
2. Canadian Cancer Society’s Advisory. Committee on Cancer Statistics.

Canadian Cancer Statistics 2016. Toronto, : Canadian Cancer society 2016.
October 2016.

3. Stamey TA, Yang N, Hay AR, McNeal JE, Freiha FS, Redwine E. Prostate-
specific antigen as a serum marker for adenocarcinoma of the prostate. N
Engl J Med. 1987;317(15):909–16.

4. Stanford JL, Stephenson RA, Coyle LM, Cerhan J, Correa R, Eley J, et al. SEER
program, National Cancer Institute. NIH pub. 1973–1995;1999(99–4543)

5. Etzioni R, Gulati R, Tsodikov A, Wever EM, Penson DF, Heijnsdijk EA, et al.
The prostate cancer conundrum revisited. Cancer. 2012;118(23):5955–63.

6. Andriole GL, Crawford ED, Grubb RL III, Buys SS, Chia D, Church TR, et al.
Mortality results from a randomized prostate-cancer screening trial. N Engl J
Med. 2009;360(13):1310–9.

7. Schröder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al.
Screening and prostate-cancer mortality in a randomized European study. N
Engl J Med. 2009;360(13):1320–8.

8. Andriole GL, Crawford ED, Grubb RL III, Buys SS, Chia D, Church TR, et al.
Prostate cancer screening in the randomized prostate, lung, colorectal, and
ovarian Cancer screening trial: mortality results after 13 years of follow-up. J
Natl Cancer Inst. 2012;104(2):125–32.

9. Force UPST. Screening for prostate cancer: US preventive services task force
recommendation statement. Ann Intern Med. 2008;149(3):185.

10. Moyer VA. Screening for prostate cancer: US preventive services task force
recommendation statement. Ann Intern Med. 2012;157(2):120–34.

11. Shoag J, Halpern JA, Lee DJ, Mittal S, Ballman KV, Barbieri CE, et al. Decline
in prostate Cancer screening by primary care physicians: an analysis of
trends in the use of digital rectal examination and prostate specific antigen
testing. J Urol. 2016;196(4):1047–52.

Zakaria et al. BMC Urology  (2018) 18:69 Page 8 of 9



12. Drazer MW, Huo D, Eggener SE. National Prostate Cancer Screening Rates
after the 2012 US preventive services task force recommendation
discouraging prostate-specific antigen-based screening. J Clin Oncol Off J
Am Soc Clin Oncol. 2015;33(22):2416–23.

13. Jemal A, Fedewa SA, Ma J, Siegel R, Lin CC, Brawley O, et al. Prostate Cancer
incidence and PSA testing patterns in relation to USPSTF screening
recommendations. JAMA. 2015;314(19):2054–61.

14. Sammon JD, Abdollah F, Choueiri TK, Kantoff PW, Nguyen PL, Menon M, et
al. Prostate-specific antigen screening after 2012 US preventive services task
force recommendations. JAMA. 2015;314(19):2077–9.

15. D'amico AV, Whittington R, Malkowicz SB, Schultz D, Blank K, Broderick GA,
et al. Biochemical outcome after radical prostatectomy, external beam
radiation therapy, or interstitial radiation therapy for clinically localized
prostate cancer. JAMA. 1998;280(11):969–74.

16. Brawley OW. Trends in prostate cancer in the United States. J Natl Cancer
Inst Monogr. 2012;2012(45):152–6.

17. Hugosson J, Carlsson S, Aus G, Bergdahl S, Khatami A, Lodding P, et al.
Mortality results from the Göteborg randomised population-based prostate-
cancer screening trial. The lancet oncology. 2010;11(8):725–32.

18. Tasian GE, Cooperberg MR, Cowan JE, Keyashian K, Greene KL, Daniels NA, et al.,
editors. Prostate specific antigen screening for prostate cancer: knowledge of,
attitudes towards, and utilization among primary care physicians. Urologic
Oncology: Seminars and Original Investigations; 2012: Elsevier.

19. Hutchinson R, Akhtar A, Haridas J, Bhat D, Roehrborn C, Lotan Y. Testing
and referral patterns in the years surrounding the US preventive services
task force recommendation against prostate-specific antigen screening.
Cancer. 2016;122(24):3785–93.

20. Rahbar H, Karabon P, Menon M, Trinh Q-D, Abdollah F. Trends in Prostate-Specific
Antigen Screening Since the Implementation of the 2012 US preventive services
task force recommendations. European Urology Focus 2017.

21. Gaylis FD, Choi JE, Hamilton Z, Dato P, Cohen E, Calabrese R, et al., editors.
Change in prostate cancer presentation coinciding with USPSTF screening
recommendations at a community-based urology practice. Urologic
Oncology: Seminars and Original Investigations; 2017: Elsevier.

22. Bhindi B, Mamdani M, Kulkarni GS, Finelli A, Hamilton RJ, Trachtenberg J,
et al. Impact of the U.S. preventive services task force recommendations
against prostate specific antigen screening on prostate biopsy and cancer
detection rates. J Urol. 2015;193(5):1519–24.

23. Banerji JS, Wolff EM, Massman JD, Odem-Davis K, Porter CR, Corman JM.
Prostate needle biopsy outcomes in the era of the US preventive services
task force recommendation against prostate specific antigen based
screening. J Urol. 2016;195(1):66–73.

24. Gershman B, Van Houten HK, Herrin J, Moreira DM, Kim SP, Shah ND, et al.
Impact of prostate-specific antigen (PSA) screening trials and revised PSA
screening guidelines on rates of prostate biopsy and postbiopsy
complications. Eur Urol. 2017;71(1):55–65.

25. Halpern JA, Shoag JE, Artis AS, Ballman KV, Sedrakyan A, Hershman DL, et al.
National Trends in prostate biopsy and radical prostatectomy volumes
following the US preventive services task force guidelines against prostate-
specific antigen screening. JAMA surgery. 2017;152(2):192–8.

26. Misra-Hebert AD, Hu B, Klein EA, Stephenson A, Taksler GB, Kattan MW, et al.
Prostate cancer screening practices in a large, integrated health system:
2007–2014. BJU Int. 2017;

27. Hu JC, Nguyen P, Mao J, Halpern J, Shoag J, Wright JD, et al. Increase in
prostate cancer distant metastases at diagnosis in the United States. JAMA
oncology. 2017;3(5):705–7.

28. Barocas DA, Mallin K, Graves AJ, Penson DF, Palis B, Winchester DP, et al.
Effect of the USPSTF grade D recommendation against screening for
prostate cancer on incident prostate cancer diagnoses in the United States.
J Urol. 2015;194(6):1587–93.

29. Jemal A, Ma J, Siegel R, Fedewa S, Brawley O, Ward EM. Prostate cancer
incidence rates 2 years after the US preventive services task force
recommendations against screening. JAMA oncology. 2016;2(12):1657–60.

30. Force USPST. Screening for prostate cancer: us preventive services task force
recommendation statement. JAMA. 2018;319(18):1901–13.

Zakaria et al. BMC Urology  (2018) 18:69 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source and study population
	Biochemical, clinical and pathological evaluation
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

