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Abstract
Purpose  To delineate the range of “risk thresholds” for prostate biopsy to determine how improved prostate cancer (CaP) 
risk prediction tools may impact shared decision-making (SDM).
Methods  We conducted a cross-sectional survey study involving men 45–75 years old attending a multispecialty urology 
clinic. Data included demographics, personal and family prostate cancer history, and prostate biopsy history. Respondents 
were presented with a summary of the details, risks, and benefits of prostate biopsy, then asked to indicate the specific risk 
threshold (% chance) of high-grade CaP at which they would proceed with prostate biopsy.
Results  Of a total of 103 respondents, 18 men (17%) had a personal history of CaP, and 31 (30%) had undergone prostate 
biopsy. The median risk threshold to proceed with prostate biopsy was 25% (interquartile range 10–50%). Risk thresholds 
did not vary by race, education, or employment. Personal history of CaP or prostate biopsy was significantly associated with 
lower mean risk thresholds (19% vs. 32% [P = 0.02] and 23% vs. 33% [P = 0.04], respectively). In the lowest versus highest 
risk threshold quartiles, there were significantly higher rates of CaP (36% vs. 1%, P = 0.01) and prior prostate biopsy (46% 
vs. 17%, P < 0.01).
Conclusions  Men have a wide range of risk thresholds for high-grade CaP to proceed with prostate biopsy. Men with a prior 
history of CaP or biopsy reported lower risk thresholds, which may reflect their greater concern for this disease. The extent 
to which refined risk prediction tools will improve SDM warrants further study.
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Introduction

Shared decision-making (SDM) is the preferred approach 
to care for men of average risk considering prostate-spe-
cific antigen (PSA) screening for the early detection of 
prostate cancer [1]. Men who have elevated PSA or other 
increased risks for prostate cancer may elect to undergo 
prostate biopsy. A primary aim of SDM is to consider 

patient preferences in the setting of competing reasonable 
approaches to care. In the course of SDM, quantitative risk 
information regarding the risks and projected outcomes of 
prostate biopsy may be shared with patients. For example, 
the Prostate Cancer Prevention Trial (PCPT) risk calculator 
may be used to provide objective data on the risk of high-
grade cancer, and can inform men’s decisions whether to 
proceed with biopsy [2, 3]. Newer risk stratification tools, 
such as the four-kallikrein panel [4–6] and the Prostate 
Health Index [7], have improved risk prediction by increased 
accuracy of risk estimates compared to traditional PSA met-
rics or clinical nomograms [8–10].

It is not clear, however, how patients interpret and apply 
quantitative risk data in their prostate biopsy decision-mak-
ing. For instance, some men have a priori concern or dis-
counting of risk that may motivate them to pursue biopsy 
independent of risk prediction. In addition, while a certain 
risk level may propel one patient to proceed with a biopsy, 
the same level may be acceptable to another patient based 
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on personal background, anecdotal experience, and subjec-
tive preferences as reasons to defer a biopsy. It is plausible 
that men’s preferences generally coalesce around a certain 
“risk threshold,” but this has not been systematically stud-
ied. Understanding the distribution of patients’ preferences 
is important to assess whether refined risk prediction tools, 
which purport more accurate pre-biopsy estimation of risk, 
will meaningfully impact decision-making for most patients. 
While novel serum and urinary biomarkers for prostate can-
cer have improved predictive power, they remain imperfectly 
calibrated and have associated cost and administrative bur-
dens [11–15]. It remains unclear whether the modified risks 
will factor into decision-making above or below thresholds 
to affect decisions.

In the context of declining PSA testing and prostate biop-
sies, leading to decreased incidence of localized prostate 
cancer, incorporating patients’ preferences during SDM 
may be a valuable strategy to guide the use of newer risk 
prediction tools [16]. In this exploratory study, we inves-
tigated the range of men’s risk thresholds to proceed with 
prostate biopsy, to better understand variation in patient 
preferences and determine how improved statistical predic-
tion of prostate cancer risk may impact patient and clinician 
decision-making.

Methods

We conducted a cross-sectional survey study. Consecutive 
men 45–75 years old presenting to a multispecialty urology 
clinic were invited to complete a survey at the time of reg-
istration. The inclusion age range was selected to represent 
a population of men who would be likely to have heard of 
prostate cancer as a condition and might be considering PSA 
testing for the purpose of early detection of prostate can-
cer. Men who had been presented with the survey at a prior 
visit during the study period were excluded. No identifying 
patient information was collected, and completed surveys 
were returned by respondents in sealed envelopes prior to 
departing the clinic.

Surveys contained two parts. Respondents were first pre-
sented with a summary of the details, risks, and benefits of 
transrectal ultrasound-guided prostate biopsy, which paral-
leled the information about prostate biopsy in a SDM format 
that would be presented to men during a clinic visit. The 
risks of biopsy and differences and distinguishing features 
between high- and low-grade prostate cancer were described. 
Participants were then asked to indicate the chance, or “risk 
threshold,” of finding a higher-grade (i.e., Gleason score ≥ 7) 
prostate cancer on prostate biopsy that would motivate them 
to proceed. Responses were indicated on a matrix containing 
percentages from 1 to 50%, or respondents could write in a 
percentage if greater than 50.

The second part of the survey included demographic and 
medical background questions including education, job sta-
tus, personal and family prostate cancer history, and pros-
tate biopsy history including experience with complications, 
which were defined as pain, bleeding, or infection warrant-
ing hospital admission. Surveys that contained responses to 
at least 75% of the background questions (the final section 
of the survey) were considered complete, and the data were 
included in the analysis. The survey is available in Online 
Resource 1.

Data were compiled for descriptive analysis. Statistical 
comparisons of demographic characteristics and reported 
risk thresholds were performed using ANOVA, Mann–Whit-
ney U test, and Fisher’s exact test, and considered significant 
at P < 0.05.

The study was reviewed by our institutional review board 
and granted exempt status as minimal risk research.

Results

Of 194 men who were eligible and invited to participate, 103 
completed the survey (53% response rate). Mean age was 
61 years (interquartile range 56–66.5). 99 (96%) respond-
ents had completed at least a high-school education. 70 
(68%) respondents were employed; 39 (38%) reported an 
annual income of less than $50,000. 44 (43%) men reported 
a personal history of any cancer, including 18 (17%) who 
reported a prostate cancer diagnosis. 20 (19%) respondents 
reported a family history of prostate cancer, including seven 
(7%) cases of lethal prostate cancer. 31 (30%) of the men 
reported having undergone a prostate biopsy in the past, 
and 11 (11%) men had experienced a complication after the 
biopsy. The sample is summarized in Table 1.

The mean risk threshold for high-grade prostate cancer to 
proceed with prostate biopsy was 30%, and the median was 
25% (range 1–100%, interquartile range 10–50%). Figure 1 
shows the distribution of risk thresholds. Respondents’ risk 
thresholds did not vary significantly by race, education, or 
employment (all P > 0.05). Thresholds were higher for men 
with lower income; men with an annual income less than 
$25,000 had a mean risk threshold of 46%, compared with 
a risk threshold of 28% in the $25,000–$50,000 group, 36% 
in the $50,000–$100,000 group, and 32% in the greater than 
$100,000 group (P = 0.048).

Men who reported a personal history of prostate biopsy or 
prostate cancer had significantly lower mean risk thresholds. 
The mean threshold for men who reported a prostate cancer 
diagnosis was 19% vs. 32% for men without prostate cancer 
(P = 0.02). Similarly, the mean risk threshold for men who 
had undergone prostate biopsy was 23% vs. 33% for men 
who had never had a biopsy (P = 0.04). Having a family 
history of prostate cancer, including lethal prostate cancer, 
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or a personal history of complications after biopsy did not 
significantly affect respondents’ thresholds.

The sample was divided into quartiles based on a risk 
threshold of 10% at the 25th percentile and 50% at the 75th 
percentile. Comparing the lowest and highest quartiles, men 
who had the lowest thresholds for biopsy had significantly 
higher rates of personal history of prostate cancer (36% 
vs. 1%, P = 0.01) and prior prostate biopsy (46% vs. 17%, 
P < 0.01). No differences were found in the demographic 
variables between the groups, including age, education, 
employment, and income (all P > 0.05).

Discussion

Patient-centered SDM can help men who are considering a 
prostate biopsy weigh the risks and benefits of the procedure 
and the information it may provide in the early manage-
ment of prostate cancer. We report an exploratory survey 
study on the breadth of men’s risk thresholds to proceed 
with biopsy. The results demonstrate a wide range of risk 
thresholds (Fig. 1), underscoring considerable variation in 
patient perspectives with regard to disease risk. The median 
risk threshold was 25%, which was considerably higher than 
expected, with a wide interquartile range (10–50%). Men’s 
risk thresholds were not associated with educational attain-
ment or employment status, but men who reported having 
undergone a prostate biopsy or diagnosed with prostate 
cancer indicated significantly lower risk thresholds. Among 
men in the lowest versus highest quartiles based on their 

Table 1   Demographics and clinical history of the study sample

Characteristics N = 103 %

Mean age (range) 61 (47–75)
Highest educational attainment
 Did not graduate high school 5 4.9
 Graduated high school 48 46.6
 Graduated college 26 25.2
 Graduated graduate or professional school 24 23.3

Race
 White/Caucasian 97 94.2
 Asian/Pacific Islander 2 1.9
 Hispanic/Latino 1 1.0
 African/African–American 0 0.0
 Other 3 2.9

Employment status
 Employed 70 68.0
 Not employed 4 3.9
 Retired 28 27.2

Annual income, $1000s
 < $25 12 11.7
 $25–50 27 26.2
 $50–100 43 41.7
 > $100 15 14.6

Personal history of cancer 44 42.7
Personal history of prostate cancer 18 17.5
Family history of prostate cancer 20 19.4
Family history of lethal prostate cancer 7 6.8
Ever had a prostate biopsy 31 30.1
Ever had complications after prostate biopsy 11 10.7

Fig. 1   Distribution of risk thresholds of high-grade prostate cancer to proceed with prostate biopsy
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risk thresholds, those who indicated low risk thresholds 
had much higher rates of prior biopsy and personal prostate 
cancer without significant differences in age, education, or 
employment.

This is the first study to assess men’s risk thresholds to 
proceed with prostate biopsy using the SDM format adopted 
by many multidisciplinary prostate cancer clinics, includ-
ing ours. The study adds to our understanding of how men 
may contextualize concepts of risk and uncertainty when 
considering their preferences for biopsy. The breadth of 
men’s preferences is consistent with prior work about the 
characteristics of an ideal diagnostic test for prostate can-
cer. In a survey study of a hypothetical non-invasive test 
that would be performed instead of a prostate biopsy, about 
two-thirds of patients and three-fourths of urologic oncolo-
gists would accept a false-negative rate of 5–20% to avoid 
the adverse effects of a biopsy, while one in four respond-
ents indicated that a 99% negative predictive value would 
be required to accept the test [17]. Patients’ thresholds to 
proceed with biopsy may also differ in consequential ways 
from their urologists’; in one series of men undergoing pros-
tate biopsies, the urologists’ threshold to recommend biopsy 
was primarily influenced by patient age and life expectancy, 
but not by a negative prior biopsy [18]. This is in contrast to 
the subgroup of patients in the present study who had under-
gone a prostate biopsy or had been diagnosed with prostate 
cancer; this group indicated significantly lower thresholds 
to proceed with biopsy, likely based on greater concern for 
cancer and prior deliberation about the risks and benefits 
of biopsy. Although the study sample was not exclusive to 
men presenting to the clinic for prostate cancer discussions, 
the group included middle-aged male urology patients for 
whom prostate cancer risk discussions were relevant, and 
the findings overall suggest a diversity of opinion for what 
constitutes “actionable” risk.

The results underscore the importance of individualized, 
patient-centered counseling rather than strict use of cut-offs 
to proceed with biopsy. Indeed, while historically PSA levels 
less than 4 ng/mL and greater than 4 ng/mL were considered 
“normal” and “abnormal”, respectively, this view has been 
minimized in favor of an understanding of PSA as represent-
ing a continuum of risk, consistent with the spectrum of risk 
thresholds reported by the men in our study. Of note, while 
the four-kallikrein panel uses a cut-off of greater than 7% as 
an “abnormal” result, which is based on validation studies 
showing a very low risk of metastatic progression at 10 years 
under this threshold, the test also reports a numerical risk 
on a continuous scale that may be useful in decision-making 
[19].

Several limitations should be noted. First, participants 
were recruited from a general urology sample rather than 
patients specifically referred for prostate cancer risk dis-
cussions. The range of preferences and risk thresholds to 

proceed with biopsy may be different among patients who 
have previously been diagnosed with prostate cancer or have 
undergone biopsies. While the intention of this study was 
to assess general preferences in a male urological patient 
population, future studies might refine this question in a sub-
population of patients at higher risk or having greater con-
cern for prostate cancer. While the limited sample size was 
thought to be adequate for this exploratory study, a larger 
sample may help to reduce the statistical “noise” of outli-
ers and clarify whether there is less dispersion in patients’ 
preferences. Second, we used a numerical matrix display to 
ascertain patients’ risk thresholds. This is consistent with 
the style used in the PCPT nomogram [2]. We contemplated 
several visual approaches, such as a thermometer-style dis-
play on which participants would mark their preferences on 
a linear scale between 0 and 100. We selected the matrix 
display as the most visually comprehensible to patients 
while also concrete in terms of indicating a specific numeri-
cal threshold. Third, we used our multidisciplinary clinic 
SDM model and the PCPT nomogram to develop the survey 
instrument. Because the use and patterns of prostate imaging 
(e.g., multiparametric magnetic resonance imaging) for pre-
biopsy risk stratification were not consistent or widespread 
at the time of the study, we did not include this variable in 
the survey; as pre-biopsy imaging rates increase, the impact 
on men’s decision to proceed with biopsy will be impor-
tant to study. Similarly, as recommendations for biopsy in 
biopsy-naïve men versus men with a prior negative biopsy 
continue to evolve, the influence of these recommendations 
on men’s risk thresholds merit investigation. We also based 
the complications of TRUS biopsy that were discussed in 
the survey on the major complications included in the PCPT 
nomogram; some guidelines and studies have categorized 
less severe side effects, such as hematuria or epididymitis, 
as complications [20]. Finally, our population was racially 
homogeneous and generally highly educated (about half 
had at least a college degree), which reflects the population 
served by our institution. Whether diverse populations con-
template prostate cancer risk data differently merits further 
investigation. Similarly, the optimal practices for SDM in 
different racial, cultural, and socioeconomic groups should 
be clarified.

Despite the limitations of this exploratory work, the study 
has several important implications. The range of men’s risk 
thresholds to proceed with biopsy suggests that shifting risk 
prediction through improved calibration of biomarkers may 
or may not significantly affect patients’ decision-making. If 
a risk-stratifying test demonstrates risk at the extremes (e.g., 
2% risk or 80% risk of aggressive cancer), these tests would 
be expected likely to drive decisions; on the other hand, 
moderate or marginal changes in risk within a probabilistic 
“gray zone” would likely be less helpful. While additional 
tests (e.g., Prostate Health Index) or biomarker assays may 
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enhance the predictive ability of conventional risk calcu-
lators for high-risk disease [21, 22] and purport to drive 
cost-savings due to deferred biopsy or surgery [23, 24], it is 
not yet clear whether, for example, the incorporation of the 
four-kallikrein panel in routine risk prediction algorithms 
impacts decisions compared to PCPT risk calculations to 
the point that patients’ decisions for biopsy are significantly 
altered. Accounting for the wide variation in patient prefer-
ences and risk thresholds, it is important to individualize 
SDM counseling and candidly discuss and study how novel 
tools impact decision-making and outcomes.

The results underscore a continued need to engage 
patients and incorporate their preferences to achieve success-
ful SDM. Prostate cancer SDM typically involves complex 
concepts surrounding risk and probability, such as data from 
large trials of PSA screening that are the basis of risk/benefit 
discussions. Prior work has suggested that men’s ability to 
interpret and apply risk data are significantly influenced by 
their understanding of quantitative concepts, or numeracy, 
which may vary depending on demographic and socioeco-
nomic factors [25]. Decision aids have been demonstrated 
to mitigate these gaps and increase overall knowledge to 
facilitate decision-making, particularly among vulnerable or 
medically underserved populations [26]. However, the suc-
cessful implementation of decision aids in prostate cancer 
SDM appears to require a rigorous, comprehensive strat-
egy involving personnel training and continuous process 
improvement goals, which have been suggested to underlie 
the observed changes in decision-making, rather than the 
decision aids themselves [27]. In addition, while clinicians 
often explain options, risks, and benefits in an SDM setting, 
the patient engagement aspect that is required for preference-
driven decision-making may be lacking [28]. The individu-
alization of risk prediction in prostate cancer may have other 
benefits, such as an increased perception of psychological 
control that can facilitate decisions [29]. Further study of 
men’s risk thresholds and biopsy preferences will help to 
refine these engagement strategies and identify the patients 
whose decision-making would be most likely to benefit from 
the incorporation of newer risk prediction tools.

Conclusions

Men who are considering prostate biopsy report a wide 
range of high-grade prostate cancer risk thresholds to pro-
ceed with biopsy. Men with a prior history of prostate can-
cer or prostate biopsy indicate lower thresholds to proceed, 
which may reflect their greater concern for and exposure to 
this disease. The findings underscore the importance of indi-
vidualized discussions about prostate cancer risk with men 
in an SDM setting. It remains unclear to what extent refined 
risk prediction tools will improve SDM or influence men’s 

biopsy decisions; further study of risk thresholds in larger 
and more diverse populations may help to clarify patient 
perspectives.
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