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Background: Our objective was to assess the accuracy of transabdominal ultrasound (TAUS) measured
prostate volume in the primary care setting with transrectal ultrasound (TRUS) measured prostate volume by
the urologist as the reference test. Furthermore, our objective was to assess whether risk-stratification using
TAUS prostate volume by the primary care physician could reduce unnecessary referrals to the urologist.
Methods: Men in two Dutch primary care offices with a prostate cancer (PCa) screening request received a
digital rectal examination (DRE), prostate specific-antigen (PSA), and TAUS prostate volume measurement
by the general practitioner, followed by Rotterdam Prostate Cancer Risk Calculator (RPCRC) risk
assessment. The examination was repeated by a urologist using TRUS. A prostate biopsy was performed
in case of a RPCRC positive biopsy advice. A non-inferiority analysis was performed comparing TAUS
and TRUS prostate volume differences. A risk-based referral strategy using TAUS and the RPCRC in the
primary care setting was compared with the standard referral strategy based on PSA (>3 ng/mL) and DRE.
Results: A total of 105 men were included with a median PSA of 1.9 ng/mL. The mean prostate volumes
measured by TAUS and TRUS were 55 and 45 mL, respectively. The mean overestimation of the prostate
volume by TAUS as compared to the reference test was 9.9 mL (95% CI: 5.9-13.8). According to Dutch
standard practice, 41 out of 105 (39%) men would have been referred to the urologist. Stratification in
primary care based on the RPCRC using TAUS prostate volume would have avoided 29 out of the 41 (71%)
referrals, at the expense of non-referral of 5 out of 11 (45%) men with a biopsy indication, according to the
urologist.

Conclusions: RPCRC-based risk stratification in primary care using TAUS prostate volume measurement
is feasible and may prevent unnecessary referrals to the urologist and reduce costs. The accuracy of the
risk assessment with TAUS might be improved by sufficient training and centralization to achieve a higher

volume of consultations in primary care facilities.
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Introduction

Opportunistic prostate cancer (PCa) screening using
digital rectal examination (DRE) and prostate specific-
antigen (PSA) measurement is widespread in the primary
care setting (1). Men with an increased risk of having
PCa based on an elevated PSA and/or abnormal DRE are
referred to the urologist by their primary care physician for
diagnostic work-up with transrectal ultrasound (TRUS) and
if applicable multiparametric MRI and prostate biopsy (2-4).
Multivariable risk stratification by the urologist using a risk
calculator can prevent unnecessary prostate biopsies (5). The
Rotterdam Prostate Cancer Risk Calculators (RPCRCs)
(www.prostatecancer-riskcalculator.org) have been shown to
prevent one-third of unnecessary TRUS-biopsies and pre-
biopsy MRI scans when used by the urologist (5-12). Due
to increasing health care costs and workload in secondary
care, governments stimulate diagnostics in the primary care
setting to reduce unnecessary referrals to secondary care
(13-15). Risk-stratification using the RPCRCs in the general
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e Rotterdam Prostate Cancer Risk Calculator (RPCRC)-based risk
stratification in primary care using transabdominal ultrasound
(TAUS) measured prostate volume is feasible and may prevent
unnecessary referrals to the urologist and reduce costs.

What is known and what is new?

* Risk stratification by the urologist using the RPCRC can prevent
unnecessary prostate biopsies and/or MRI.

® This study shows that even though prostate volume measured by
general practitioner with TAUS differs from transrectal ultrasound
measured prostate volume by the urologist, risk stratification in
the primary care using the RPCRC could prevent unnecessary
referrals at the expense of several non-referred men who had a
biopsy indication according to the urologist.

What is the implication, and what should change now?

® Due to the learning curve, the accuracy of the risk assessment with
TAUS is likely to be improved by centralization among general
practitioner’s practices. Additionally, TAUS prostate volume
measurement with RPCRC-based risk stratification in the primary
care needs to be studied further in a larger cohort including longer

follow-up.
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practitioners’ office, instead of solely performing a DRE and
PSA measurement, could cause a reduction in unnecessary
referrals to the urologist. Prostate volume measurement
significantly improves the accuracy of multivariable risk-
stratification for PCa (7,16). Since TRUS is impractical
in the primary care setting, prostate volume measurement
could be performed with either DRE or transabdominal
ultrasound (TAUS). TAUS prostate volume measurement
is non-invasive and relatively simple, with an acceptable
correlation with TRUS-measured prostate volume when
performed by the urologist (17-21). The present study is
a feasibility study of PCa risk-stratification in the general
practitioner’ office, using TAUS-measured prostate volume.
The objective is to assess the correlation of TAUS prostate
volume measured by the general practitioner with the TRUS
prostate volume measured by the urologist. Furthermore,
the potential reduction of referrals to the urologist by risk-
stratification in primary care is assessed. We present the
following article in accordance with the STARD reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-640/rc).

Methods
Study population

Our prospective cohort study was performed in two primary
care facilities (primary care centers ‘Hillegersberg’ and
‘Bergse Bos’) in Rotterdam in the Netherlands between
September 2014 and November 2018. All consecutive
men who visited these two primary care centers with
an opportunistic PCa screening request were offered to
participate in this study after the process of shared decision
making: men received oral and written information on the
advantages and disadvantages of PCa screening as well as
information about participation within the present study.
Men with a prior PCa diagnosis were not eligible for
inclusion. All men provided written informed consent. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
both primary care centers and the Ethics Committee of the
Erasmus University Medical Center, the Netherlands (No.
MEC-2014-069).
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Study procedures

Two (EH and WB) general practitioners of the primary
care centers performed the screening consultations. These
general practitioners received two one-hour training
sessions in TAUS prostate volume measurement by an
experienced urologist (CB). All participating men were
screened by one of the two general practitioners with
DRE, PSA measurement, and TAUS prostate volume
measurement using a handheld ultrasound device (Sonosite
MicroMaxx, USA). The general practitioner then calculated
the risk of (clinically significant) PCa using the RPCRC
and referred the patient to the urologist at a specialized
outpatient clinic (Prostate Center, Franciscus Gasthuis,
Rotterdam). Here, all included men were examined
by a single urologist (CB) with DRE and TRUS with
prostate volume measurement, again followed by PCa risk
assessment using the RPCRC. During the assessment, the
urologist was blinded to previous findings by the general
practitioner. A TRUS-guided systematic prostate biopsy was
performed in men with an elevated risk of PCa as calculated
by the urologist. A pre-biopsy MRI was not yet standard
clinical practice during the study period. Men without an
elevated PCa risk received information on follow-up with
repeated PSA-screens in the primary care setting if wanted.
Follow-up data were collected prospectively.

Rotterdam prostate cancer risk calculator

The RPCRC consists of several risk calculators, which are
developed using data of 3,624 men of the first screening
round of the Rotterdam section of the ERSPC study
and are freely available on the web (www.prostatecancer-
riskcalculator.org) or as an app for iOS and Android (6). The
risk calculators calculate the risk of any PCa and the risk of
clinically significant PCa, defined as Gleason >3 + 4 and/
or locally advanced (T-stage >2C) PCa. In the present study
two of these risk calculators, the RPCRC-3 and the RPCRC-
3+DRE, are utilized. The urologist assessed the risk of PCa
using the RPCRC-3, which includes PSA, DRE (suspicious:
no/yes), TRUS (suspicious: no/yes), and TRUS-measured
prostate volume (continuous). The urologist used a >4%
risk threshold for clinically significant PCa as an indication
for prostate biopsy. As the two general practitioners did
not perform a TRUS and therefore could not screen for
hypoechoic lesions, they used the RPCRC-3+DRE model,
which is a simplified risk model using PSA, DRE (suspicious:
no/yes), and DRE-measured prostate volume (categorized
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into volume classes of 25, 40, or 60 mL). Instead of the
DRE-measured prostate volume, the TAUS-measured
prostate volume was used for risk-stratification, categorized
as 25 mL (<30 mL), 40 mL (30-50 mL), or 60 mL (>50 mL)
[since the volume in RPCRC-3+DRE statistical model is also
categorized with these cut-offs (16) and has shown to hardly
affect predictive capability (22)]. The general practitioners
used a >4% risk threshold for clinically significant PCa
as calculated by the RPCRC-3+DRE as an indication for
referral to the urologist. Furthermore, the indication for
biopsy as assessed by the urologist was compared with the
indication for referral as assessed by the general practitioner.

Statistical analysis

Our study’s primary objective was to compare TAUS
prostate volume measurement by the general practitioner
with TRUS volume measurement by the urologist. As no
superiority of TAUS volume measurement over TRUS
volume measurement was assumed, a non-inferiority
analysis was performed to assess their equivalence within
a limit that would unlikely affect biopsy decisions. The
non-inferiority limit was set at <25% of the mean TRUS-
measured prostate volume. Using the mean TRUS-
measured prostate volume of 38.8 mL within the Rotterdam
section of the ERSPC study (23), the power calculation (90%
power, 5% one-sided significance level) showed a required
sample size of 116 men. Equivalence was assessed using the
paired #-test. Absolute prostate volume differences (I'TAUS
- TRUSI) categorised for TAUS quality were plotted per
case against the experience of the general practitioners with
TAUS (caseload). The correlation between prostate volume
difference and TAUS experience and prostate volume was
assessed as the Spearman’s rho correlation coefficient. The
potential reduction of referrals to the urologist by risk
stratification with TAUS and the RPCRC was assessed
compared to standard clinical care (referral in case of PSA
>3.0 and/or abnormal DRE). Statistical analyses were
performed with SPSS for Windows (Version 21.0; Armonk,
NY: IBM Corp., New York, USA).

Results
Patient characteristics

A total of 130 men were eligible for inclusion and provided
written informed consent, see Figure 1. Twenty-five men
were excluded from analyses either due to an inability to
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Men with an opportunistic PCa screening request (n=130)

Risk assessment for referral by GP
using standard clinical practice
(PSA =3 ng/mL and/or abnormal DRE)

(n=105) (n=105)

Risk assessment for biopsy by urologist using RPCRC-3
(PSA, DRE, and TRUS prostate volume)
(n=105)
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25 men excluded:
No-show at urologist (n=14)
No-show at general practitioner (n=5)
No-show for blood draw (n=5)
Too large abdominal circumference for TAUS (n=1)

Risk assessment for referral by GP
using RPCRC-3
(PSA, DRE, and TAUS prostate volume)

Compare TAUS prostate volume measurement by
GP with TRUS volume measurement by urologist

Figure 1 Flowchart of all study participants. PCa, prostate cancer; GP, general practitioner; TAUS, transabdominal ultrasound; PSA,

prostate-specific antigen; DRE, digital rectal exam; TRUS, transrectal ultrasound.

Table 1 Patient characteristics of the 105 men analyzed in the
present study

Parameter Value
Age (years), mean + SD 69+9
TAUS measured prostate volume (mL), mean + SD 55+25
TRUS measured prostate volume (mL), mean + SD 45+22
PSA (ng/mL), median [IQR] 1.9[0.8-4.2]
Suspicious DRE at primary care physician, n (%) 5[5]
Suspicious DRE at urologist, n (%) 5 [5]
Total number of patients, n (%) 105 [100]

SD, standard deviation; IQR, interquartile range; DRE, digital
rectal examination; TAUS, transabdominal ultrasound; TRUS,
transrectal ultrasound.

measure prostate volume with TAUS (large abdominal
circumference) (n=1) or a no-show for their blood draw
(n=5), TAUS consultation (n=5) or urologist consultation
(n=14). The remaining 105 men were included in the
analyses of the present study. These men had a mean age
of 69 years and a median PSA of 1.9 ng/mL (Table I). The
mean TAUS-measured prostate volume measured by the
general practitioner was 55 mL and the mean TRUS-
measured prostate volume by the urologist was 45 mL.

© Translational Andrology and Urology. All rights reserved.

Equivalence zone with —-A and
+A as margins

" T
A 9.9 with
" 95% Cl [5.9-13.8]
-A(11.25 mL) 0 +A(11.25 mL)

Mean difference between TAUS and TRUS
measurements of prostate volume (in mL)

Figure 2 Equivalence analysis of prostate volume measurements
with transabdominal versus transrectal ultrasound. A, volume
difference; TAUS, transabdominal ultrasound; TRUS, transrectal

ultrasound.

Therefore, the non-inferiority limit was 11.25 mL.

Transabdominal versus transrectal ultrasound measured
prostate volume

The mean difference between TAUS and TRUS prostate
volume measurements was 9.9 mL (95% CI: 5.9-13.8),
with a 95% confidence interval exceeding the predefined
11.25 mL positive equivalence margin (Figure 2). Thus,
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Figure 3 Absolute prostate volume differences per case between
transabdominal and transrectal ultrasound plotted against the total
number of ultrasounds performed by the general practitioners.
TAUS, transabdominal ultrasound; TRUS, transrectal ultrasound.

TAUS was inequivalent and more frequently overestimated
than underestimated prostate volume compared with TRUS.
Figure 3 shows the absolute prostate volume differences per
case, plotted against the total number of TAUS performed
by the general practitioners (caseload): the prostate volume
differences decreased with increasing TAUS experience of
the general practitioners (R’=0.19, P<0.05). Furthermore,
the prostate volume differences between TAUS and TRUS
increased with increasing prostate volume (R’=0.42, P<0.01).

Comparison of referral strategies by the general
practitioner

According to standard clinical practice (PSA >3 ng/mL and/
or abnormal DRE), 41 (39%; 95% CI: 30-49%) out of 105
men would have been referred by the primary care physician
to the urologist for further risk assessment (Figure 4).
In contrast, only 12 (11%; 95% CI: 6.7-19%) out of 105
men would have been referred after TAUS prostate volume
measurement and RPCRC-based stratification. Thus,
TAUS and RPCRC-based stratification avoided 29 (71%;
95% CI: 20-37%) out of 41 referrals. At the urology office,
TRUS and RPCRC-based risk stratification yielded a biopsy
indication in 11 [10%; 95% CI: 6.0-18%)] out of the total
105 men. Standard clinical practice (PSA >3 ng/mL and/
or abnormal DRE) referred all 11 men who were found to
have a biopsy indication. However, the TAUS and RPCRC-
based referral strategy would not have referred 5 (45%; 95%
CI: 21-72%) out of the 11 men who were found to have a
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biopsy indication. Two of these five “missed referrals” were
biopsied in which no cancer was found. In addition, four out
of these five men with the TAUS and RPCRC-based referral
strategy occurred in the first half of the study period and
were caused by an overestimation of the TAUS-measured
prostate volume. Only three of the 11 men with a biopsy
indication directly received a prostate biopsy of which one
man was diagnosed with clinically insignificant PCa. Three
men without a biopsy indication at first, received a prostate
biopsy after follow-up. One of these men was diagnosed with
clinically significant PCa, and one man was diagnosed with
clinically insignificant PCa.

Discussion

To our knowledge, the present study is the first study to
assess the feasibility of prostate cancer risk stratification
using TAUS-measured prostate volume in the primary care
setting. Our study showed that TAUS-prostate volume
measurement with a handheld ultrasound device by the
general practitioner is feasible. However, TAUS frequently
overestimated the prostate volume (mean difference of
10 mL) compared to the TRUS by the urologist as the
reference test. It was shown that the inaccuracy of the
prostate volume by TAUS increased with increasing
(TRUS-measured) prostate volume and decreased with
operator experience. As expected, a learning curve
phenomenon is associated with TAUS prostate volume
measurement.

Due to increasing health care costs and workload in
secondary care, governments stimulate diagnostics in the
primary care setting to reduce unnecessary referrals to
secondary care (13,14). According to the Dutch General
Practitioners guideline, men should be referred to the
urologist for risk-stratification with the RPCRC in case
of a PSA >3 ng/mL and/or an abnormal DRE (24,25). It
is known that risk stratification with the RPCRC in the
secondary care setting prevents one-third of unnecessary
TRUS-biopsies and pre-biopsy MRIs (5-12). Therefore,
we hypothesized that risk-stratification with the RPCRC
using TAUS in the primary care setting could cause a
similar reduction of referrals to the urologist. Such a
referral strategy would have caused a referral reduction of
no less than 71% in the present study compared to Dutch
clinical practice. However, this reduction of referrals to the
urologist would be at the expense of non-referral of 45%
of men with a biopsy indication according to a TRUS and
RPCRC-based risk stratification. Although, no clinically
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asse e o olog PSA g d/o al DR
a TR RPCR
Yes No Yes No
Yes 11 6
No 30 64 6 88
Total 41 64 12 93

Figure 4 Referral of patients by the general practitioner according to standard clinical practice versus after risk stratification using

transabdominal ultrasound measured prostate volume. Green: agreement; orange: avoidable referrals; red: missed referrals. TRUS,

transrectal ultrasound; RPCRC, Rotterdam Prostate Cancer Risk Calculator; GP, General Practitioner; PSA, prostate specific antigen; DRE,

digital rectal examination; TAUS, transabdominal ultrasound.

significant prostate cancer was found in the “missed
referrals” who were biopsied, the clinical consequences of
TAUS prostate volume measurement with RPCRC-based
risk stratification in such a low-risk primary care target
population need to be studied further in a larger cohort
with longer follow-up.

The accuracy of the risk assessment with TAUS in the
present study might be improved by sufficient training and
centralization to achieve a higher volume of opportunistic
screening consultations in the concerning primary care
facilities. The two general practitioners performing the
TAUS in the present study only received two one-hour
training sessions in TAUS prostate volume measurement
before starting this study. More extensive training in TAUS
prostate volume measurement might have shortened their
learning curve, resulting in less non-referral of men with
a biopsy indication with a risk-based referral strategy.
Furthermore, the learning curve of the TAUS performers
might have shortened with a higher caseload. Within
our feasibility study, only 105 patients from two primary
care centers were included for analysis and received an
ultrasound from one of the two TAUS performers within
a time-frame of four years. A higher caseload could be
established by centralizing prostate cancer screening
consultations from all regional general practitioners’ offices
to a central primary care facility within a regional care
pathway. Such a regional care pathway has been established
in Rotterdam by the Urology Department of the Erasmus
University Medical Center in collaboration with the
primary care laboratory STAR-SHL (26). At the STAR-
SHL primary care laboratory, prostate cancer screening
consultations are performed by specially trained Erasmus
MC personnel using TRUS and the RPCRC. A previous
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study by Osses et al. showed excellent results of these
screening consultations, with a 46% reduction of referrals
to secondary care and a high positive predictive value for
prostate cancer (79%) in those referred after multivariable
risk-stratification (26).

Our feasibility had some limitations. First, MRI prostate
volume was unavailable for comparison as this study was
conducted before the wide-spread adaption of prostate MRI.
However, the clinical relevance between TRUS- and MRI
prostate volume seems to be marginal (27). Secondly, the
exact number of possible underdiagnosed prostate cancers
is unknown as not all men were biopsied. Nonetheless, the
RPCRC which was also applied in this study, has previously
showed its ability in the primary care setting to reduce
referrals and prostate biopsies while missing almost no
significant prostate cancers after a median follow-up of 43
months (26,28). Lastly, as the urologist in our study only
measured the prostate volume with TRUS (not TAUS),
no comparison could be made between TAUS-measured
prostate volume by the general practitioner and the urologist.

Conclusions

RPCRC-based risk stratification in primary care using
TAUS prostate volume measurement is feasible and may
prevent unnecessary referrals to the urologist and reduce
costs. The accuracy of the prostate cancer risk assessment
in primary care is likely to be improved by centralizing
opportunistic screening consultations within a regional care
pathway. In addition, TAUS prostate volume measurement
with RPCRC-based risk stratification in the primary care
population needs to be studied further in a larger cohort
with longer follow-up.
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