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Risk of prostate cancer and death after benign transurethral
resection of the prostate—A 20-year population-based analysis

Maria Hilscher, MD'; Andreas Reder, MD, PhD"% J. Thomas Helgstrand, PhD, MD "/ ! Nina Klemann, PhD, MD";
Klaus Brasso, PhD, MD"?;, Andrew Julian Vickers, PhD3: and Hein Vincent Stroomberg, PhD, MSc &1

BACKGROUND: The oncological risks after benign histology on a transurethral resection of the prostate (TURP) remain largely unknown.
Here, the risk of prostate cancer incidence and mortality following a benign histological assessment of TURP is investigated in a population-
based setting. METHODS: Between 1995 and 2016, 64,059 men in Denmark underwent TURP without prior biopsy of the prostate; 42,558
of these men had benign histology. The risks of prostate cancer, prostate cancer with a Gleason score>3+4, and prostate cancer-specific
death were assessed with competing risks. Specific risks for pre-TURP prostate-specific antigen (PSA) levels at 10 and 15years were visual-
ized by locally estimated scatterplot smoothing. RESULTS: The median age at TURP was 72years (interquartile range [IQR], 65-78 years),
and the median follow-up was 15years (IQR, 10-19years). The 10-year risks of any prostate cancer and prostate cancer with a Gleason
score>3+4 and the 15-year risk of prostate cancer death showed clear visual relations with increasing PSA. The 15-year cumulative inci-
dence of prostate cancer-specific death after benign TURP was 1.4% (95% confidence interval [Cl], 1.3%-1.6%) for all men and 0.8% (95% ClI,
0.6%-1.1%) for men with PSA levels <10 ng/ml. The primary limitation was exclusion due to missing PSA data. CONCLUSIONS: Men with low
PSA levels and a benign TURP can be reassured about their cancer risk and do not need to be monitored differently than any other men.
Patients with high PSA levels can be considered for further follow-up with prostate magnetic resonance imaging. These findings add to the
literature suggesting that normal histology from the prostate entails a low risk of death from the disease. Cancer 2022;128:3674-3680.
© 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under
the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used for commercial purposes.

LAY SUMMARY:

* There is little knowledge about the oncological risks after the surgical treatment of benign prostatic hyperplasia.

» This study shows a very low risk of adverse oncological outcomes in men with prostate-specific antigen (PSA) levels below 10 ng/ml at
the time of transurethral resection of the prostate.

« Patients with higher PSA levels may need more extensive follow-up.

KEYWORDS: benign histology of the prostate, benign prostatic hyperplasia (BPH), disease-specific mortality, prostate cancer, prostate-
specific antigen (PSA), transurethral resection of the prostate (TURP).

INTRODUCTION

Transurethral resection of the prostate (TURP) is the preferred surgical treatment option for men with lower urinary tract
syndrome (LUTS) and bladder outlet obstructions due to benign prostatic hyperplasia.’ Historically, TURP was also used
to relieve obstructions in men with locally advanced prostate cancer when curative treatment was not possible and when
histological confirmation of the disease could be achieved as a secondary goal. In Denmark, tissue resected during TURP
has been routinely sent for histological analysis. This tradition was planned for documentation purposes, as pathological
evaluations are stored in a nationwide pathology registry; thus, both histological evaluations and dates of treatment have
been available for all TURP patients since 1995.

The value of benign TURP for excluding prostate cancer remains controversial. On the one hand, TURP is not a
comprehensive or systematic sampling of the prostate. On the other hand, early studies did not find that TURP had a risk
of missing clinically significant prostate cancer, and although later studies did observe an increased incidence of prostate
cancer in a TURP cohort, this was attributed to surveillance bias.”” Currently, guidelines recommend only a functional
evaluation of the urinary tract 4-6 weeks after TURP for benign prostatic hyperplasia, and surveillance for cancer by routine
prostate-specific antigen (PSA) testing is not routinely recommended.
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In recent years, we have seen controversy regarding
the value of systematic transrectal ultrasound (TRUS)-
guided biopsy for prostate cancer detection. For instance,
although studies suggest that magnetic resonance imaging
(MRI)—targeted biopsy finds a large number of Gleason
score >7 cancers missed by systematic biopsy, there is also
evidence that such cancers have an extremely low risk of a
lethal outcome.”'°

The objective of this study was to estimate the prob-
ability of prostate cancer incidence and death following
TURP with benign findings in previously unbiopsied men
in the Danish population who underwent the operation in
the years 1995-2016. Our aim was to address not only the
clinical question of follow-up of men with benign TURP
but also the biological question about the oncological ag-
gressiveness of prostate tumors that are not readily detected
with limited prostate sampling.

MATERIALS AND METHODS

All men who underwent TURP were identified in the
Danish Prostate Cancer Registry (DaPCaR)." The study
and the database were approved by the Danish Health and
Medicines Authority (file number 3-3013-858/1/1) and
the ethics committee of the Capital Region of Denmark
(protocol number H4-2014-FSP). Data on the age at
TURP, the pre-TURP prostate biopsy results, the histo-
pathological evaluation of the TURP specimen, and the
pre-TURP PSA levels were extracted. Pre-TURP PSA val-
ues were excluded if they were taken more than 182 days
before TURP. Biopsies before TURP were categorized as
malignant or benign; if the pathological diagnosis was reg-
istered as “suspicion of adenocarcinoma,” the specimen
was also considered benign. Men were excluded if follow-
up data were missing, and they were further excluded from
risk analysis if the patients had undergone TRUS biopsy
before TURP and if other pathology results not related to
the prostate (e.g., bladder cancer) were found on TURP.
Causes of death were extracted from the Cause of Death
Registry, and we further validated the causes of death by
using a combination of the Danish Health Registries.12
A flow diagram is depicted in Figure 1.

Statistics

The reported statistics followed the guidelines for statistics
for clinical research in urology.13 The cumulative incidence
of subsequent histology (obtained by either TRUS biopsy or
TURP sampling), prostate cancer, or prostate cancer with
a Gleason score >7 was analyzed with the Aalen—Johansen
estimator, with the competing event being any cause of
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64,059 men undergoing TURP

278 excluded because of insufficient | |
follow-up or missing data

63,781 included in analysis

13,345 excluded (Biopsy of prostate
before TURP or pathology not [+
related to the prostate)

7,878 malignant first TURP

As of December 31, 2019: As of December 31, 2019:
1,116 Alive 18,028 Alive
3,772 Prostate cancer-specific death 573 Prostate cancer-specific death
2,990 Other cause death 23,957 Other cause death

42,558 benign first TURP

Figure 1. Flow chart of the men included in the study. TURP
indicates transurethral resection of the prostate.

death. Similarly, the cumulative incidence of cause-specific
death was analyzed with prostate cancer—specific and other-
cause deaths as competing events. Follow-up was defined as
the time from the date of TURP to an event or censoring
on the last day for which the vital status was known
(December 31, 2020). The median follow-up time was
defined as the median time to censoring by reverse Kaplan—
Meier estimate. Predicted risks of death after TURP for
PSA levels at the time of TURP were visualized by locally
estimated scatterplot smoothing for the 10- and 15-year
cumulative incidence. Subgroup analyses were performed
for the incidence of Gleason scores >7 and cause-specific
death in men who underwent TURP after 2004 and for
the incidence of cause-specific death stratified by age groups
(<60, 60-69, 70-79, and > 79 years at the time of TURP)
in men with PSA levels below 10 ng/ml at the time of TURD.
All statistical analyses were performed with R version 4.0.3
(R Development Core Team, Vienna, Austria) running on
RStudio version 1.3.1093 (© 2009-2020 by RStudio, Inc),
with statistical significance defined as a p value below .05.
The data set is available upon request to the authors and the
Danish data protection authorities.

RESULTS

Baseline characteristics

Between 1995 and 2016, a total of 63,781 individuals with
at least one TURP were identified in DaPCaR, and 42,558
of these men had no history of pre-TURP biopsy of the
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Figure 2. Absolute number of primary TURPs registered in Denmark and proportion of biopsies before TURP. (A) The line represents
the absolute number of TURPs performed per year. (B) Proportions of benign (blue) and malign (red) histological assessments of
TRUS-guided biopsy before TURP. TRUS indicates transrectal ultrasound; TURP, transurethral resection of the prostate.

prostate and benign histopathology on the initial TURP
(Fig. 1). The median age was 72 years (interquartile range
[IQR], 65-78years). For the subset of patients with PSA
data available (24%), the median PSA level was 3.7 ng/ml
(IQR, 1.8-7.2 ng/ml). The crude number of initial TURPs
and men with previous biopsies per year performed in
Denmark is depicted in Figure 2. A total of 10,982 men
underwent TRUS biopsy before the initial TURD, and 3774
of these men had malignant histopathology. According to
a per-year analysis, 26 patients (12 benign) underwent
biopsy of the prostate before TURP in 1995, and this
number increased to 732 (523 benign) in 2010; after that,
it stabilized (Fig. 2). A total of 7521 men underwent re-
TURP during follow-up.

Risk of prostate cancer after benign TURP

A total of 6685 men had subsequent histology after a
benign initial TURP. In 1986 men, prostate cancer was
diagnosed after a benign initial TURP; 1465 of these men
were diagnosed with a Gleason score>7. Overall, the
10-year cumulative incidences of subsequent histological
evaluation, prostate cancer, and prostate cancer with a
Gleason score>7 were 14.8% (95% confidence interval
[CI], 14.4%~15.1%), 4.0% (95% CI, 3.8%-4.2%), and
2.9% (95% CI, 2.7%-3.0%), respectively. Higher PSA
levels at TURP were observed to be associated with an
increased risk of subsequent histology, an increased risk of
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prostate cancer, and an increased risk of prostate cancer
with a Gleason score>7 (Fig. 3A). In men undergoing
TURP after 2004, the 10-year cumulative incidence of a
Gleason score >7 was 2.0% (95% CI, 1.8%-2.2%) (Table
S2).

Analysis of death after initial TURP

The median follow-up for men without an event was
15years (IQR, 10-19years) after the benign initial TURD,
with a total of 8513 men followed for more than 15 years.
After the benign initial TURP, a total of 24,530 men died;
573 of these men died of prostate cancer. The cumulative
incidence of prostate cancer—specific and other-cause death
after 15years was 1.4% (95% CI, 1.3%-1.6%) and 61%
(95% CI, 60%—61%), respectively (Fig. S1). There was a
clear relationship between a rising PSA level and prostate
cancer—specific death and a small relationship with
other-cause death (Fig. 3B,C). Moreover, the cumulative
incidence of prostate cancer—specific death at 15 years for
men with PSA levels of <10, 10-20, and > 20 ng/ml was
0.8% (95% CI, 0.6%-1.1%), 4.2% (95% CI, 2.9%—
5.6%), and 6.5% (95% CI, 4.4%-8.7%), respectively
(Fig. S1). As for the lower PSA levels, the 15-year risk was
0.6%, 0.9%, 1.7%, and 2.6% for PSA levels of 2.5, 5,
7.5, and 10 ng/ml, respectively (Fig. 3B,C and Table S1).
No clear relationship between age and prostate cancer—
specific mortality was found in men with PSA levels below
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Figure 3. Predicted risks after benign pathology in initial TURP. (A) Predicted risk at 10 years of subsequent histology by TURP (black
line), subsequent histology by biopsy (green line), prostate cancer (golden line) and a Gleason score >7 diagnosis (gray line) according
to the PSA level and median age at TURP. Visualization is provided by LOESS. Density is indicated by the light blue color and shows
the spread of the PSA values; note that the axis for the density is shown on the right side of the plot. (B) The 10- and 15-year cause-
specific risks of prostate cancer-specific death (blue line) and other-cause death (red line) by PSA at TURP as visualized by LOESS.
(C) Magnification of the risk of prostate cancer-specific death. The gray field behind the lines represents the prediction interval. LOESS
indicates locally estimated scatterplot smoothing; PSA, prostate-specific antigen; TURP, transurethral resection of the prostate.

10ng/ml and a benign initial TURP (Table S3). The risk
of other-cause death after 15years was 56% (95% CI,
55%-57%), 64% (95% CI, 61%-67%), and 69% (95%
CI, 65%-73%) for men with PSA levels of <10, 10-20,
and>20ng/ml, respectively. The cumulative incidence
of prostate cancer—specific and other-cause death after
15years in men with a malignant initial TURP was 50%
(95% CI, 49%-51%) and 40% (95% CI, 39%—-41%),
respectively. The 15-year cumulative incidence of prostate
cancer—specific death was not markedly different for men
undergoing TURP after 2004 in comparison with the en-
tire cohort; however, the incidence of other-cause death
was lower (Table S2).

DISCUSSION
In this study, we have demonstrated that in men with a
low PSA level at TURP, the incidence of the diagnosis of

Cancer  October 15, 2022

prostate cancer after 10years is 4%, and the incidence of
dying of prostate cancer after 15 years following a benign
TURP is 1%, which can be considered low. This study is
the largest contemporary study of TURP patients in which
the pathological results of TURP and the diagnostic activ-
ity before and after TURP are known. Also, the follow-up
was long, with nearly 9000 men followed for more than
15 years (including an overall mortality rate of 60%); this
makes the data far more mature than those of previous
publications.

An interesting decrease in TURP activity coincided
with an increase in the number of TRUS biopsies per-
formed before TURP; this points to men being PSA-tested
while being evaluated for LUTS. Of course, selection and
better medical treatment of LUTS play a role in the de-
creased TURP activity. Preoperative selection and increased
pre-TURP PSA testing are the most likely explanations for
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the decreased percentage of men with prostate cancer at the
first TURP without previous invasive diagnostic activity.
A total of 7521 men underwent re-TURP after the ini-
tial procedure. Unfortunately, no clinical information on
the decision to perform re-TURP was available. The risk
of re-TURP is not well described in the literature, but a
Cochrane review based on six studies and a limited num-
ber of patients (652) suggests that the rate is 1 per 1000
patients.1

A total of 1986 patients were diagnosed with prostate
cancer after a benign initial TURD and 1465 of these pa-
tients were diagnosed with prostate cancer with a Gleason
score > 7. There have been previous theoretical speculations
suggesting that the TURP procedure itself imposes a risk of
developing prostate cancer as a result of inflammation, but
the results are inconsistent, and the association is weak.>"”
Our study shows that the cumulative incidence of prostate
cancer after a benign TURP with PSA <10 ng/ml before
the TURP was 3%, which seems low, yet it is in concor-
dance with another population-based study.w However, a
recent review found that the incidence of prostate cancer
ranged from 6% to 23% after holmium laser enucleation
of the prostate. In that regard, our findings can be consid-
ered low, yet PSA levels were considerably higher in most
studies—a finding shown here to be highly correlated
with a prostate cancer diagnosis after a benign TURP'” A
Swedish cohort study found that the mean time from a be-
nign TURP to a diagnosis of prostate cancer was 7.5 years,
and this was consistent with our data, according to which
the median time to a prostate cancer diagnosis after a be-
nign TURP was 6.3 years.”

Importantly, the risk of dying of prostate cancer
was only 1.4% 15years after a benign TURP. There are
currently no recommendations for specific follow-up
schedules after TURP beyond a functional evaluation of
the urinary tract. Our data show that the risk of prostate
cancer—specific death is almost identical to the risk of pros-
tate cancer—specific death in men with benign systematic
TRUS biopsies. A recent review reported that the risk of
prostate cancer—specific death after benign TRUS biopsies
ranged from 0.5% to 5.2% after 10—20years of follow-up,
and there was a strong association with PSA."®" The cur-
rent study shows that the cumulative incidence of pros-
tate cancer mortality was up to 0.8% after 15 years in men
with PSA levels <10ng/ml; this was an even lower inci-
dence than the incidence of 1.3% after a benign initial bi-
opsy.”* This difference may be explained by the selection
of patients for TURP; specifically, patients who undergo
TURP have lower PSA levels than men with a negative first
biopsy. Hence, absent red flags such as a high PSA level,
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men with benign histology after TURP can be reassured
that, despite a limited sampling of the prostate, they are at
very low risk of aggressive prostate cancer and do not re-
quire extensive monitoring. Research into other potential
red flags such as age is warranted in this population.

The use of MRI of the prostate and targeted biopsies
of the prostate has become increasingly widespread since
the publication of data showing the superiority of targeted
biopsies in the ability to identify Gleason score>7 cancers
missed by systematic TRUS biopsy.”** However, doubt
has been cast on whether these cancers are oncologically
aggressive. We and other groups have shown that the long-
term risk of prostate cancer death in men with benign sys-
tematic biopsies is very low'®2L; if MRI targeting identifies
many histologically defined Gleason score>7 tumors in a
group of men with low prostate cancer mortality, it is clear
that most of the tumors are in fact indolent despite their
histology.'® This suggests that current guidelines on how
to histologically evaluate and grade MRI-targeted biopsies
may need revision. Our findings support the hypothesis
that prostate tumors that are not easily identified on lim-
ited sampling of the prostate are unlikely to be aggressive,
and they cast doubt on the value of the suggested use of
targeted biopsy approaches in men without other indica-
tions for prostate cancer, such as men with asymptomatic,
elevated PSA levels.

The strengths of this study include the large DaPCaR
data set, a population-based registry with high validity and
a national scale, as well as the ability to cross-reference data
from different registries because of the unique Danish cen-
tral person registry. Limitations of the study include more
limited data on PSA due to a lack of electronic storage in
local and regional databases.'’ Because no data on drug
use before TURP were available, no adjustments for the
potential influence of 5-alpha-reductase inhibitors on PSA
could be performed; therefore, the PSA levels of individ-
ual patients in the clinic need to be interpreted with cau-
tion. Furthermore, studies have suggested an association of
5-alpha-reductase inhibitors with reduced prostate cancer—
specific death; as such, the estimates shown here can poten-
tially be explained in part by the intake of these drugs.”
Further studies on causal relations are thus needed. Another
limitation is the lack of predictors known to be associated
with a poor prognosis in prostate cancer; for example, a
family history of prostate cancer, urine and blood markers,
and imaging findings should not be ignored on the basis
of the research shown here. Future research should eluci-
date the value of these predictors in this patient group. The
Gleason grading system was reclassified by the International
Society of Urological Pathology in 2005, and this has led to
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a grade migration in which prostate cancers diagnosed after
2005 are graded higher.*** Subgroup analyses for men un-
dergoing TURP after 2004 showed a decreased incidence at
10years of Gleason scores >7 in comparison with the entire
cohort; this can likely be explained by the decrease in the
use of TURP as a diagnostic tool (Table S2). Furthermore,
a decreased 15-year incidence of other-cause death but not
prostate cancer—specific death was observed in men under-
going TURP after 2004 in comparison with the entire co-
hort. As the decrease in other-cause death coincided with
increased life expectancy, it is unlikely that the grade shift
substantially influenced mortality. However, we cannot
fully account for the grade migration in the database, and
future studies of the true effect are warranted.

The risk of prostate cancer and prostate cancer—
specific death following a TURP with a benign histology is
very low and comparable to the risk for men with a negative
prostate biopsy. Men with low PSA levels (<7.5 ng/ml) and
a benign TURP can be reassured about their cancer risk
and do not need to be monitored differently than any other
men. Patients with high PSA levels can be considered for
advanced imaging techniques such as prostate MRI. Our
findings add to a body of literature suggesting that extensive
investigation of the prostate is unnecessary: Prostate tumors

that are hard to find are highly unlikely to lead to mortality.
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