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Background: Active surveillance (AS) for low-risk prostate cancer (PCa) is intended to overcome potential 
side-effects of definitive treatment. Frequent prostate biopsies during AS may, however, impact erectile 
(EF) and urinary function (UF). The objective of this study was to test the influence of prostate biopsies on 
patient-reported EF and UF using multicenter data from the largest to-date AS-database.
Methods: In this retrospective study, data analyses were performed using the Movember GAP3 database 
(v3.2), containing data from 21,169 AS participants from 27 AS-cohorts worldwide. Participants were 
included in the study if they had at least one follow-up prostate biopsy and completed at least one patient 
reported outcome measure (PROM) related to EF [Sexual Health Inventory for Men (SHIM)/five item 
International Index of Erectile Function (IIEF-5)] or UF [International Prostate Symptom Score (IPSS)] 
during follow-up. The longitudinal effect of the number of biopsies on either SHIM/IIEF-5 or IPSS were 
analyzed using linear mixed models to adjust for clustering at patient-level. Analyses were stratified by center; 
covariates included age and Gleason Grade group at diagnosis, and time on AS.
Results: A total of 696 participants completed the SHIM/IIEF-5 3,175 times, with a median follow-up of 
36 months [interquartile range (IQR) 20–55 months]. A total of 845 participants completed the IPSS 4,061 
times, with a median follow-up of 35 months (IQR 19–56 months). The intraclass correlation (ICC) was 0.74 
for the SHIM/IIEF-5 and 0.68 for the IPSS, indicating substantial differences between participants’ PROMs. 
Limited heterogeneity between cohorts in the estimated effect of the number of biopsies on either PROM 
were observed. A significant association was observed between the number of biopsies and the SHIM/IIEF-5 
score, but not for the IPSS score. Every biopsy was associated with a decrease in the SHIM/IIEF-5 score of 
an average 0.67 (95% CI, 0.47–0.88) points.
Conclusions: Repeated prostate biopsy as part of an AS protocol for men with low-risk PCa does not 
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Introduction 

Active surveillance (AS) is included in the national and 
international guidelines as a viable management strategy for 
men diagnosed with low-risk, localized prostate cancer (PCa) 
(1-3). AS involves regular follow-up testing through prostate-
specific antigen (PSA) tests, digital rectal examination 
(DRE), repeat prostate biopsy, and, when indicated, the use 
of prostate imaging (4). The goal of AS is to monitor low-
risk tumors instead of directly treating them with definitive 
treatment such as radical prostatectomy or radiotherapy. In 
case of reclassification or progression of the disease, switching 
to definitive treatment is still possible. So far, low rates of 
metastases and disease-specific mortality have been reported 
for men following an AS trajectory long term, which has 
resulted in the increased use of AS internationally (5-8).

Although side-effects of definitive treatment may 
be overcome or postponed by choosing an initial AS 
monitoring strategy, there are risks of potential harms to 
the patient associated with AS (9). This risk stems largely 
from repeated biopsy of the prostate, which can cause local 
inflammation, urosepsis, trauma, and—for peripherally 
directed biopsies—put periprostatic vasculature and nerves 
at risk (10). This can have a direct impact on functional 
outcomes, notably urinary and sexual functions. To-date, 
the evidence with respect to urinary function (UF) suggests 
a minimal impact (11,12); the evidence on sexual function, 
however, is more mixed (13-16). The generalizability of 
the predominantly single-center studies into the effect 
of repeated prostate biopsies on men’s urinary and sexual 
outcomes while on AS for low-risk PCa is limited by their 
sample size, the number of care centers involved, and the 
AS protocols involved. 

There is an opportunity to overcome these limitations 

through the Movember Foundation’s Global Action 
Plan, Prostate Cancer Active Surveillance (GAP3), where 
multiple sites representing a variety of AS protocols have 
contributed to an international longitudinal database (4). 
This retrospective study’s objective was to leverage the 
GAP3 database to assess the effect of repeated prostate 
biopsies on men’s self-reported urinary and sexual functions. 
The results from this study could be used several ways. For 
clinicians, it could help inform their own AS protocols in 
weighing the risks of potential harms and benefits associated 
with serial biopsy of the prostate. For patients, these results 
could help inform their treatment decision in terms of 
the potential functional outcomes associated with those 
options, including AS. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/tau-20-1255).

Methods

Study population

This study performed a retrospective analysis of data 
collected as part of GAP3, the full details of which have 
been published elsewhere (4). In brief, patients diagnosed 
with PCa were included in GAP3 if, at the time of 
diagnosis, they were characterized as having: clinical stage 
T1-T2, serum PSA ≤10 ng/mL, a biopsy Gleason grade 
group of 1 or 2, and a maximum of two tumor-positive 
biopsy core samples were detected (i.e., low-risk PCa). 
Follow-up protocols were heterogeneous, but in general 
they recommended: serial measurements of serum PSA 
levels every 3 to 6 months, a DRE every 6 to 12 months, 
and prostate biopsy to identify pathological progression 
every 1 to 3 years. Version 3.2 of the Movember GAP3 

have a significant association with self-reported UF but does impact self-reported sexual function. Further 
research is, however, needed to understand whether the effect on sexual function implies a negative clinical 
impact on their quality of life and is meaningful from a patient’s perspective. In the meantime, clinicians and 
patients should anticipate a potential decline in erectile function and hence consider incorporating the risk 
of this harm into their discussion about opting for AS and also when deciding on the stringency of follow-up 
biopsy schedules with long-term AS.
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database contained data from 21,169 AS participants from 
27 worldwide AS-cohorts. All participating study centers 
have obtained local ethics approval for their individual AS 
studies and subsequent data transfer to GAP3, including 
secondary analyses studies, such as the one reported here. 

To be included in this study, GAP3 participants had to have 
undergone at least one follow-up prostate biopsy. They also 
had to have completed at least one of the following patient 
reported outcome measures (PROMs): the International 
Prostate Symptom Score (IPSS), or the Sexual Health 
Inventory for Men (SHIM) [also referred to as the five item 
International Index of Erectile Function (IIEF-5)]. Based on 
the above selection criteria, only data from the University of 
Calgary, the University of California San Francisco (UCSF) 
and the Instituti Tumori in Milan were used since other 
centers did not comply with the inclusion criteria. 

PROMs

IPSS
The IPSS is comprised of eight items (17). The first seven 
items measure the type and degree of lower urinary tract 
symptoms (LUTS) experienced over the past month, 
including: frequency, nocturia, weak urinary stream, 
hesitancy, intermittence, incomplete emptying, and urgency. 
Each of these items is responded to using a five-point Likert 
scale ranging from 0 (i.e., “Not at all”) to 5 (i.e., “Almost 
Always”) (note that for the nocturia item, the description 
changes from “None” to “5 times or more”). The scores for 
the seven items are aggregated into the “Total IPSS Score” 
that ranges from 0 to 35, with higher scores representing 
more severe symptom severity. Three thresholds for the 
Total IPSS Score have been validated to indicate the severity 
of LUTS; a score of: 1 to 7 indicates mild, 8 to 19 indicates 
moderate, and 20 to 35 indicates severe symptoms (17). A 
minimal clinically important difference (MCID)—that is, 
the minimum change in the Total IPSS Score needed to be 
considered clinically meaningful—has been defined as four 
or more points (17,18). A validated translation of the IPSS 
was used by the study center in Milan (Italian) (19). 

The eighth IPSS item measures the effect of urinary 
symptoms on the respondent’s quality-of-life. It is used 
more as a qualitative measure of symptom severity and is 
not included in the Total IPSS Score. It is not used in this 
study’s analysis. 

SHIM/IIEF-5
The SHIM is comprised of five items related to symptoms 

of erectile dysfunction experienced over the past six months, 
including: erectile function, orgasmic function, sexual 
desire, intercourse satisfaction, and overall satisfaction. The 
SHIM was developed as an abridged version of the 15-item 
IIEF and is also referred to as the IIEF-5. Four items are 
responded to using a six-point Likert scale ranging from 0 
(i.e., “Do Not Attempt Intercourse”/“No Sexual Activity”) 
to 5 (i.e., “Almost Always or Always”/“Not Difficult”). A 
single item is responded to using a five-point Likert scale 
ranging from 1 (i.e., “Very Low”) to 5 (i.e., “Very High”). 
The scores from all items are aggregated into a total score 
ranging from 1 to 25, with higher scores representing 
less symptom severity. Five thresholds for the total score 
have been validated to indicate the severity of erectile 
dysfunction; a score of: 1 to 7 indicates severe, 8 to 11 
indicate moderate, 12 to 16 indicates mild to moderate, 17 
to 21 indicates mild, and 22–25 indicates no symptoms (20).

Statistical analysis

Because not all GAP3 participants completed both the IPSS 
and SHIM/IIEF-5 they were treated as separate samples. 
For each, the median and interquartile range (IQR) of 
participants’ characteristics at inclusion were reported, 
as well as the baseline PROM score. The longitudinal 
measures of either the total IPSS score or the SHIM/IIEF-
5 total score were analyzed using linear mixed models to 
adjust for clustering at participant level using a random 
intercept for the participant. Analyses were stratified by 
center, and the coefficient for the parameter number of 
biopsies was pooled for all centers. The fixed effect included 
the total number of biopsies up to a particular PROM-
moment; covariates included the age at diagnosis, the time 
on AS, and the Gleason Grade group at diagnosis. The 
intercept-only model estimated the intraclass correlation 
(ICC). The ICC describes the proportion of the total 
variance in PROM that pertains to differences between men 
and ranges from 0 to 1, whereby a lower number represents 
less variance between men.

All statistical analyses were performed using R version 
3.6.0 (21), complemented by R-package metaphor (22). 
Missing covariates (i.e., age at diagnosis) were imputed 
using the Bayesian framework with R-package jointAI (23). 

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
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was approved by institutional/regional/national ethics/
committee/ethics board of all 27 centers participating in 
the Movember GAP3 project. Between 2014 and 2016, the 
global GAP3 database was created by combining patient 
data from established AS cohorts worldwide. Requirements 
for participation included, amongst others, ethical approval 
for sharing digital patient data in a centralized global 
database and active registry of active surveillance patients. 
To date, 27 centers from the USA, Canada, Australasia, the 
UK, and Europe fulfilled the requirements for participation 
and joined the initiative. Each institution has obtained 
institution ethical approval and signed a Movember end user 
license agreement, an access rights principles agreement, 
and the commonly agreed upon GAP3 analytical plan.

Results

Urinary symptoms

A total of 845 participants fulfilled the inclusion criteria 
and completed the IPSS 4,061 times. Median follow-up was 
35 months (IQR =19–56 months). Median age at inclusion 
was 64 years (IQR =59–69 years) (Table 1). At diagnosis, 
participants reported a median IPSS score of 8 (IQR =4–13).  
Participants underwent a median of 3 biopsies (IQR =2–4 
biopsies, max 13). 

The ICC was 0.68, indicating large differences between 
participants’ IPSS score. The estimated coefficients of 
number of biopsies ranged from 0.06 to 0.34 with relatively 
wide confidence intervals (CI) (Figure 1). Overall, there 
was no statistically significant association between IPSS 
score and the number of biopsies across the cohorts (pooled 
coefficient 0.09 (95% CI, −0.07 to 0.25). Despite different 
inclusion criteria and follow-up schedules, results were 
consistent across cohorts. 

Erectile functioning

A total of 696 participants fulfilled the inclusion criteria and 
completed the SHIM/IIEF-5 3,175 times. Median follow-
up was 36 months (IQR =20–55 months). Median age at 
inclusion was 64 years (IQR =59–68 years) (Table 1). At 
diagnosis, participants reported a median SHIM/IIEF-5 
score of 20 (IQR =11–24). Participants underwent a median 
of 3 biopsies (IQR =2–5 biopsies, max 13).

The ICC was 0.74, indicating large differences 
between participants’ SHIM/IIEF-5 score. The estimated 
coefficients of number of biopsies ranged from −0.76 to 

−0.65, with relatively wide CI’s (Figure 2). Overall, every 
additional biopsy reduced the SHIM/IIEF-5 score an 
average of 0.67 points (95% CI, 0.47–0.88).

Conclusions 

This study aimed to measure the effect of repeated prostate 
biopsies conducted as part of an AS monitoring strategy 
for low-risk PCa on men’s self-reported urinary and sexual 
function. We did this using the largest centralized AS 
database to date, which included IPSS and SHIM/IIEF-
5 response data, collected from multiple care centers 
worldwide. We observed that the number of prostate 
biopsies was not significantly associated with a change in 
self-reported UF, as measured by the IPSS. There was, 
however, a significant association between the number of 
prostate biopsies and self-reported erectile functioning, as 
measured by the SHIM/IIEF-5. 

To our knowledge, this is the first study analyzing 
the effect of repeated prostate biopsies on self-reported 
urinary and erectile function using multi-center data. 
Earlier studies investigating similar associations have done 
so using data from single center settings (9,12-14,16).  
Glass et al. concluded that performing repeat prostate 
biopsies does not increase the risk of harm to UF for men 
on AS for PCa (10). Braun et al. reported a small decrease 
in erectile dysfunction in men who underwent repeated 
biopsies. Participants in their cohort had a median age of  
64 years (IQR =58–68 years), were on AS for a median of  
3.5 years (IQR =2.3–5.0 years) and underwent a median 
number of 5 biopsies (IQR =3–6). A decrease in erectile 
function of 1.0 point per year (95% CI, 0.2–1.7) was 
observed during the first four years on AS, as measured 
on the IIEF-6 scale (scale 1 to 30, with lower scores 
representing worse outcomes) (15). Pearce et al., who 
investigated the changes in sexual function in men who had 
been on AS for 24 months using the EPIC, did not observe 
a significant relationship with the number of prostate 
biopsies nor the number of cores per biopsy (16). 

The results from our sexual function analysis indicate 
that every additional prostate biopsy reduces the SHIM/
IIEF-5 score by an average of 0.67 points. That change 
is statistically significant, but whether it is clinically 
significant—or, more specifically, whether it represents a 
change that is meaningful from the patient’s perspective—
has yet to be determined. A MCID—that is, the minimum 
change in the score needed to be considered meaningful—
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for the SHIM/IIEF-5 has not been established. It is possible 
to imagine that after a long period on AS the subsequent 
effect of undergoing multiple biopsy sessions, will have an 
impact. After for example, 5 biopsy sessions, the SHIM/
IIEF-5 score increases by 5×0.67=3.35 points. Whilst we 
note that erectile dysfunction increases with every additional 
prostate biopsy taken, we need to be aware that age has also 
been linked to lowered sexual function. We aimed to take 
into account the effects of age at baseline and time on AS, 
but there may always be some residual confounding. 

Clinical guidelines for the treatment of PCa from various 
national and international associations, such as the American 

Urology Association and the European Association of 
Urology, strongly recommend shared decision making when 
deciding on the appropriate management strategy for men 
with low-risk, localized PCa as the treatment decision is a 
preference sensitive one (2,24). In shared decision making, 
the role of the clinician is to offer treatment options and 
describe their associated risks of harms and benefits upon 
which patients can arrive at more informed treatment 
preferences (25). Clinicians should consider incorporating 
the results of this study into their description of AS for 
low-risk PCa. While definitive treatments such as radical 
prostatectomy and radiotherapy come with traditionally 

Table 1 Patient characteristics of men who completed the IPSS and/or the SHIM/IIEF-5

Characteristics IPSS, N=845 SHIM/IIEF-5, N=696

Age at diagnosis (years)

Median [IQR] 64 [59–69] 64 [59–68]

Unknown (n) 74 75

PSA at inclusion (ng/mL)

Median [IQR] 5.1 [3.7–6.8] 5.1 [3.5–6.7]

Unknown (n) 8 7

Grade group at inclusion 

GG1 787 (93%) 652 (94%)

GG2 50 (6%) 39 (6%)

GG3 8 (1%) 5 (1%)

Max % cancer in any core

Median [IQR] 10 [5–25] 10 [5–25]

Unknown (n) 57 39

cT stage

T1c 692 (82%) 576 (83%)

T2a 85 (10%) 65 (9%)

T2-unspecified 32 (4%) 23 (3%)

T2b 9 (1%) 8 (1%)

T2c 13 (2%) 10 (1%)

Unknown 14 (2%) 14 (2%)

Number of biopsies, median [IQR] 3 [2–4] 3 [2–5]

Number of biopsy cores per session, median [IQR] 12 [12–17] 12 [12–17]

Time on AS in months, median [IQR] 35 [19–56] 36 [20–55]

IPSS, International Prostate Symptom Score; SHIM, Sexual Health Inventory for Men; IIEF-5, five item International Index of Erectile 
Function; AS, active surveillance; IQR, interquartile range. 
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known side-effects such as urinary incontinence, erectile 
dysfunction and potential bowel problems, patients must 
be aware that choosing AS may, on the long-term, not 
be harm-free either. Although the effects may be small, 
patients and urologists may anticipate a decline in erectile 
function with increasing numbers of follow-up biopsies. 
They should take that into account when expressing their 
preferences and subsequent treatment decision making at 
diagnosis, but may also use this information when deciding 

on the intensity of the follow-up biopsy schedule after being 
on AS for longer times (e.g., more than 5 years).  

One of the limitations of this study is that only 3–4% of 
the GAP3 population was included in the current analysis 
and that the participating centers that are included show 
heterogeneity of their AS protocols. As a result, patients 
underwent different follow-up prostate biopsy protocols, 
meaning that at the University of California, San Francisco 
(UCSF) yearly prostate biopsies may have been taken, while 

Figure 1 Coefficients of the number of biopsies on urinary functioning measured by the IPSS, n represent number of questionnaires 
completed. The effect of the number of biopsies on urinary functioning is controlled for age at diagnosis, time on AS and the Gleason score 
at diagnosis. AS, active surveillance.

Figure 2 Coefficients of the number of biopsies on erectile functioning (SHIM/IIEF-5), n represent number of questionnaires completed. 
The effect of the number of biopsies on erectile functioning is controlled for age at diagnosis, time on AS and the Gleason score at diagnosis. 
AS, active surveillance.
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the prostate biopsy interval at the Instituti Tumori in Milan 
may have been longer as they connect to the PRIAS AS 
protocol. However, this is likely to reflect the “real world” 
variance in clinical practice that is seen worldwide with 
respect to AS (26). Furthermore, as indicated in the results 
section, although different inclusion criteria and follow-up 
schedules were followed, the results were consistent across 
cohorts. A second limitation is that the GAP3 database 
does not specify whether biopsies were taken transrectal 
or transperineal. While the transrectal route is currently 
still the most common technique in most countries, the 
transperineal biopsy route is used increasingly (27). This 
may impact the biopsy-related complications experienced 
by men and hence their self-reported urinary and erectile 
function. Mostly single-center studies have published their 
results on urinary and erectile function after transperineal 
biopsies were taken. Most report that transperineal biopsy 
does not have a significant effect on patient-reported urinary 
and erectile function up to six months after the prostate biopsy 
procedure was conducted (28-34). In the studies that did saw 
an effect, mainly on erectile function, the effect was, however, 
rather small, questioning whether it is clinically relevant. 
With longer follow-up on an AS management strategy, and 
hence undergoing more prostate biopsies, it could still be that 
many small effects add up to a larger effect. Therefore, further 
research with long-term follow-up is still warranted. 

In conclusion, repeated prostate biopsy as part of an 
AS protocol for men with low-risk PCa does not have a 
significant effect on self-reported UF but does impact 
self-reported sexual function. Further research is needed 
to understand whether the effect on sexual function is 
meaningful from a patient’s perspective, but clinicians and 
patients should anticipate a potential decline in erectile 
function and hence consider incorporating the risk of this 
harm into their discussion about AS as a viable treatment 
option and also when deciding on the stringency of follow-
up biopsy schedules with long-term AS.
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