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Abstract: The role of digital rectal examination (DRE) in the early detection of significant prostate
cancer (PCa) is being questioned in the era of magnetic resonance imaging (MRI). However, some men
with suspected PCa may still be identified solely through DRE, even with low serum prostate-specific
antigen (PSA) levels. Additionally, most predictive models designed to improve significant PCa
diagnostic pathways incorporate DRE findings. We assessed the role of DRE among 5005 men with
serum PSA levels > 3.0 ng/mL and/or suspicious DRE findings, who underwent pre-biopsy MRI and
targeted and/or systematic biopsies, as part of the significant PCa opportunistic screening program in
Catalonia (Spain) between 2016 and 2023. Significant PCa, defined as grade group > 2, was detected in
2097 men (41.9%). Suspicion of PCa was based solely on DRE in 206 cases (4.1%) with significant PCa
detected in 50 of them (2.4%). Two pathways using the Barcelona predictive models, before and after
MRI, with and without DRE findings showed specificities of 52.8 and 38.7%, respectively (p < 0.001),
after fixing sensitivity at 90%. Prostate biopsy was avoided in 35.1 and 26.7%, respectively (p < 0.001),
while its efficacy increased from 52.8 to 58%. We conclude that DRE improved the effectiveness of an
opportunistic significant PCa-screening program.

Keywords: prostate cancer; early detection; digital rectal examination

1. Introduction

Digital rectal examination (DRE) was the only method to screen men suspected of
having prostate cancer (PCa) until the discovery and spread of serum prostate-specific
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antigen (PSA) in the early 1980s [1]. In 1994, serum PSA testing was approved by the
United States Food and Drug Administration to screen men suspected of having PCa, being
used jointly with DRE in opportunistic screening programs [2]. However, population-
based screening programs have utilized serum PSA alone, lowering the thresholds for
detection [3,4]. PCa screening has been controversial for a long time as a reduction in
PCa-specific mortality was evident. The European Randomised Study of Screening for
Prostate Cancer initiative demonstrated, in 2009, a 20% decrease in PCa mortality after
seven years of follow-up [4]. This drop in the specific mortality resulted from the early
detection and appropriate treatment of significant PCa tumors with a grade group two or
higher, which increased up to 29% after a 22-year follow-up in the Göteborg Randomised
Population-Based Prostate Cancer Screening Trial [5]. The new paradigm of PCa screening
therefore focuses on the early detection of significant PCa. The widespread use of magnetic
resonance imaging (MRI) and targeted biopsies of suspicious lesions has facilitated an
increase in significant PCa detection with a reduction in unnecessary prostate biopsies and
the over-detection of insignificant PCa, although uncertain scenarios remain [6].

The European Union currently recommends population-based PCa screening and
encourages member states to assess the feasibility and effectiveness of risk-organized
screening programs [7]. Such programs will identify men suspected of having PCa within
the age-appropriate healthy men that are invited for serum PSA testing, and those sus-
pected of having PCa will undergo MRI and prostate biopsy of prostate imaging–reporting
and data system (PI-RADS) lesions > 3 [8]. The European Association of Urology also
encourages the design of risk-stratifying diagnostic pathways based on predictive models
to improve the efficiency of significant PCa screening [9]. Some of these pathways have
shown significant reductions in MRI demand, unnecessary prostate biopsies, and the over-
detection of insignificant PCa [10–12]. We highlight that most predictive models, designed
for the stratification of men suspected of having PCa before and after MRI, incorporate DRE
findings, suspicious vs. normal, and DRE-derived prostate volume categories since these
variables are independent predictors of significant PCa [13–15]. Currently, opportunistic
significant PCa screening programs are frequently implemented in areas where population-
based screening has not been introduced. In these settings, physicians and candidates
jointly agree to screen PCa, with serum PSA testing and DRE being offered [16]. However,
the usefulness of DRE alongside serum PSA testing for screening men suspected of having
PCa is controversial [17,18]. Two recent meta-analyses have advised against DRE in the
early detection of PCa. However, both meta-analyses included studies in which pre-biopsy
MRI was not conducted [19,20]. Additionally, DRE in routine practice is increasingly being
rejected, even by urologists themselves [21–25].

We hypothesize that DRE is useful for significant PCa detection in an opportunistic
screening program developed in the era of MRI. Our objectives were (i) to verify if DRE
remains an independent predictor of significant PCa, (ii) to assess the rate of significant
PCa detected solely through a suspicious DRE, and (iii) to compare the effectiveness of
two diagnostic pathways including (or not) DRE findings in the predictive models used to
stratify men suspected of having PCa before and after MRI.

2. Materials and Methods
2.1. Design, Setting, and Participants

This is a cohort study, in which a retrospective review of DRE’s usefulness for sPCa
detection was conducted in a population prospectively recruited for the development
and validation of the significant PCa Barcelona predictive models (BCN-PMs). A cohort
of 5005 men suspected of having PCa, due to a serum PSA level > 3.0 ng/mL and/or
suspicious DRE findings, who underwent pre-biopsy MRI and targeted and/or systematic
biopsies as part of the significant PCa opportunistic screening program of Catalonia (Spain)
between 2016 and 2023 was analyzed [15,26]. This program is conducted by urologists who
perform DRE in the primary care setting. Thereafter, men suspected of having PCa were
referred to local participant centers for MRI scanning and prostate biopsy if indicated.
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This study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Institutional Review Board of Vall d´Hebron Hospital (PRAG-02/2021) on
12 February 2021. Informed consent was obtained from all subjects involved in the study.

2.2. Data Analysis

Anonymized datasets were provided by participant centers. The independence of
DRE in predicting significant PCa was analyzed. The rate of significant PCa detected solely
through suspicious DRE findings was estimated. Rates of significant PCa detection, the
avoidance of MRI exams and prostate biopsies, and prostate biopsy efficacy were compared
between two diagnostic pathways using BCN-PMs with and without DRE findings.

2.3. Significant Prostate Cancer Diagnostic Pathway

After PCa suspicion, an MRI was performed in a 1.5 or 3 Tesla scanner with a stan-dard
surface phased-array coil at reference centers within a month of PCa suspicion. The overall
acquisition protocol included T2-weighted imaging, diffusion-weighted imaging, and
dynamic contrast-enhanced imaging, according to the guidelines of the European Society
of Urogenital Radiology [27]. Expert radiologists analyzed images using the PI-RADS v2.0
before and v2.1 after 2019 in each participant center [28,29].

Prostate biopsies were conducted by expert operators in each participant center af-
ter lesions segmentation. Men with PI-RADS 3 to 5 underwent 2- to 4-core transrectal
ultrasound-targeted biopsies for all lesions and 12-core systematic biopsies. Men selected
for the prostate biopsy with PI-RADS < 3 underwent a 12-core systematic biopsy [16].

Biopsy samples were sent separately to local pathology departments, where expert
Uro-pathologists assigned the International Society of Urologic Pathology grade group
when PCa was detected. Significant PCa was defined when the grade group was 2 or
higher [30].

2.4. Variables in the Study

Age at the time of prostate biopsy (years), PCa family history (present vs. absent),
type of biopsy (initial vs. repeated), serum PSA (ng/mL), DRE (normal vs. suspicious),
DRE-prostate volume category (small, medium, and large) and PI-RADS score (1 to 5) were
recorded as variables. The outcome variables were PCa, significant PCa, insignificant PCa
(no vs. yes), and grade group of PCa (1 to 5).

2.5. Statistical Analysis

Data were prospectively collected and reported according to the Standards of Repor-
ting for MRI-targeted Biopsy Studies to describe the study population [31]. The reported
anonymized datasets were harmonized at the coordinating center. Quantitative variables
were expressed as medians and interquartile ranges (IQR = 25 ptile–75 ptile) and qualitative
variables were expressed as percentages. Comparisons between quantitative variables
were performed using the Mann–Whitney U test and relative risks (RR) estimated with
their 95% confidence intervals (CI). Kruskal–Wallis tests were used when more than two
groups were compared. Percentages were compared with the Chi-square test. A stepwise
logistic regression was used to search for independent predictive variables of significant
PCa. Odds ratios (ORs) and their 95% CI were estimated. BCN-like PMs 1 and 2, based on
the same predictive variables as the BCN-PMs, were developed without DRE findings, and
the likelihood of significant PCa was estimated. Significant differences were identified as
p-value < 0.05. The data were analyzed using the Statistical Package for the Social Sciences
(version 29.0; IBM Corp., Armonk, NY, USA).

3. Results
3.1. Characteristics of Study Population

The overall characteristics of the study population are summarized in Table 1. Addi-
tionally, age ranged between 37 and 85, with 3016 (60.3%) and 1989 (39.7%) men younger
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and older than 70 years, respectively. The serum PSA ranged from 0.7 and 112 ng/mL;
in 206 men (4.1%), it was ≤3.0 ng/mL; in 3419 men, it was between 3.1 and 10.0 ng/mL
(68.3%); and in 1380 men, it was >10 ng/mL (27.6%). The MRI-derived prostate volume was
≤50 mL in 2245 (44.9%) and >50 mL in 2759 (55.1%) men. A negative MRI (PI-RADS < 3)
was observed in 749 men (15%) while PI-RADS scores ranged from 3 to 5 in 4256 (85%). Sig-
nificant PCa was detected in 2097 men (41.9%). The characteristics of the population with
normal DRE were significantly different than those observed in men with suspicious DRE.

Table 1. Characteristics of study population.

Characteristic Measurement −DRE +DRE p-Value

Number of men 5005 3578 (71.5) 1427 (28.5) 0.001
Median age, years (IQR) 68 (62–74) 67 (61–73) 69 (64–76) 0.001

Median serum PSA, ng/mL
(IQR) 7.0 (5.0–10.8) 9.8 (5.0–9.6) 21 (9.8–9.9) 0.001

Repeated biopsy, n (%) 1505 (30.1) 1226 (36.4) 279 (19.4) 0.001
PCa family history, n (%) 352 (7.0) 246 (6.9) 106 (7.4) 0.001

Prostate volume, mL (IQR) 55 (40–76) 58 (42–80) 47 (35–77) 0.001
PI-RADS score, n (%)

1 574 (11.5) 459 (12.9) 115 (8.0)

0.001
2 175 (3.5) 137 (3.8) 38 (2.6)
3 1250 (25.0) 1051 (29.5) 199 (13.8)
4 2015 (40.3) 1485 (41.6) 530 (36.8)
5 991 (19.8) 434 (12.2) 557 (38.7)

PCa detection, n (%) 2858 (57.1) 1778 (49.9) 1080 (75.8) 0.001
significant PCa 2097 (41.9) 1158 (32.5) 939 (65.3) 0.001

insignificant PCa 761 (15.2) 620 (17.4) 141 (9.8) 0.001
IQR = interquartile range; PSA = prostate-specific antigen; n = number; DRE = digital rectal examination;
PCa = prostate cancer; PI-RADS = prostate imaging–reporting and data system; −DRE = negative DRE;
+DRE = suspicious DRE.

3.2. Independence of DRE for Significant Prostate Cancer Detection

A stepwise logistic regression analysis was carried out to find the independent pre-
dictors of significant PCa (Table 2). Age, first degree of PCa family history, serum PSA
level, suspicious DRE, and PI-RADS score were directly related to significant PCa detection,
while a previous negative prostate biopsy and prostate volume were negatively related to
significant PCa detection. DRE was the second most powerful independent predictor of
significant PCa, behind the PI-RADS score.

Table 2. Multivariate analysis showing independent predictive variables for significant PCa detection.

Predictive Variable Odd Ratio (95% CI) p-Value

Age, Ref. year 1.063 (1.053–1.073) 0.001
Serum PSA, Ref. ng/mL 1.031 (1.023–1.039) 0.001

DRE, Ref. normal 2.198 (1.876–2.576) 0.001
Type of biopsy, Ref. initial 0.706 (0.605–0.825) 0.001
PCa family history, Ref. no 1.556 (1.190–2.035) 0.001
Prostate volume, Ref. mL 0.978 (0.975–0.980) 0.001

PI-RADS score, Ref. 1 2.586 (2.383–2.806) 0.001
CI = confidence interval; PSA = prostate-specific antigen; DRE = digital rectal examination; PCa = prostate cancer;
PI-RADS = prostate imaging–reporting and data system.

Among 1427 men with suspicious DRE, 936 (65.6%) cases of significant PCa were
detected compared to 1116 among 3578 (32.4%) with normal DRE (p < 0.001). The OR was
3.969 (95% CI 3.486–5.518) and the RR was 1.963 (95% CI 1.821–2.116) for suspicious DRE
and significant PCa detection, as shown in Figure 1.
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Figure 1. Significant PCa detection rate according to DRE findings.

Among 206 men with serum PSA levels below the detection threshold, significant PCa
was detected in 8 of 40 (20%) with serum PSA levels of 0.7 to 1.0 ng/mL, 12 of 59 with
serum PSA levels of 1.1 to 2.0 ng/mL, p = 0.623, and 30 of 107 (28%) with serum PSA levels
of 2.1 to 3.0 ng/mL, p = 0.011 regarding the other two subsets.

3.3. Significant Prostate Cancer Detection Solely Through Suspicious DRE

Among the subset of 206 men in whom the suspicion of PCa was solely established
through an abnormal DRE finding with serum PSA levels up to 3.0 ng/mL (4.2%), signifi-
cant PCa was diagnosed in 50 of them (24.3%). They represented 2.4% of 2097 significant
PCa cases detected and an overall detection rate of 1% (in reference to the 5005 participants).

3.4. Effect of DRE Findings for Improving the Efficacy of the Barcelona Diagnostic Pathway

The behavior of the Barcelona diagnostic pathway, based on stratifications conducted
by the BCN-PMs 1 and 2 before and after MRI and the BCN-like PMs 1 and 2 (developed
without DRE findings), among the 5005 men suspected of having PCa from the oppor-
tunistic significant PCa screening program in Catalonia is presented in Figure 2. Initially,
since 206 men were suspected of having PCa due only to a suspicious DRE, the diagnostic
pathway without DRE was analyzed in 4799 men, while that using DRE was analyzed
in 5005 men. The thresholds of the predictive models were selected to obtain an overall
90% sensitivity for significant PCa detection in both pathways. The overall specificity was
52.8% in the pathway using DRE findings and 38.7% in the one that did not use them,
p < 0.001. In terms of the clinical impact, the rate of undetected significant PCa was 10% in
both pathways, while 16.3 and 12.8% of MRI exams were avoided, respectively, p < 0.001.
The rates of avoided prostate biopsies were 35.1 and 26.7%, respectively, p < 0.001. The
efficacy of prostate biopsy (positive predictive value) in both pathways was 58.0% and
52.8%, respectively, p < 0.001. The expression “Follow up” in men in whom MRI and
prostate biopsy will be avoided means that sPCa will be detected when a prostate biopsy is
conducted in the future if PCa suspicion remains.
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prostate biopsy by the BCN-PMs 1 and 2 (pathway with DRE), and BCN-like PMs 1 and 2 without
including the DRE-derived variables (pathway without DRE).

3.5. Aggressiveness of Significant PCa Detected in Men Suspected of Having PCa Solely Identified
with DRE

The grade group of the 50 significant PCa cases detected when serum PSA levels were
up to 3.0 ng/mL were as follows: grade 2 in 26 cases (52%), grade 3 in 15 (30%), grade 4
in 8 (16%), and grade 5 in 5 cases (10%). This grade group rate distribution was similar to
that observed within the 2047 significant PCa cases detected in men with serum PSA levels
above 3.0 ng/mL, 45.5, 30.4, 13.7, and 10.5%, respectively, p = 0.198.

4. Discussion

The current study reports that DRE remains an independent predictor of significant
PCa detection in an opportunistic significant PCa screening program developed in the
era of MRI. The likelihood of significant PCa in men with a suspicious DRE was nearly
double that of men with normal DRE findings. Men suspected of having PCa based solely
on a suspicious DRE constituted 4.2% of participants, and significant PCa was detected
in 2.4% of all significant PCa cases. The overall detection rate of significant PCa, based
solely on a suspicious DRE, among the 5005 participants in this study was 1%. An increase
in significant PCa detection from 20 to 28% was observed in men with serum PSA levels
between 2.1 and 3.0 ng/mL compared to those with lower serum PSA levels. The diagnostic
pathway for improving significant PCa screening, using stratifications before and after MRI
based on BCN-PMs 1 and 2, as compared to the BCN like-PMs, which did not include DRE
findings, reduced MRI demand from 12.8 to 16.3%, reduced unnecessary biopsies from
26.7 to 35.1%, and improved the efficacy of prostate biopsy from 51.4 to 58%. Finally, the
aggressiveness of significant PCa detected solely through suspicious DRE findings, based
on the grade group distribution, was similar to that observed in cases detected when serum
PSA levels were above 3.0 ng/mL.
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The 28.5% incidence of suspicious DRE findings in the present series was similar
to that reported in other series from opportunistic screening programs. The incidence
of suspicious DRE findings varies notably according to the age of participants, percent-
age of previous negative prostate biopsies, type of screening program, and screening
round [2,13,14,19,21,31–36]. A common criticism of DRE is its high inter-examiner vari-
ability, even when conducted by expert urologists [25]. However, an important point in
favor of the current use of DRE to predict the risk of significant PCa is that it remained
an independent predictive factor when the PI-RADS score was included in the logistic
regression analysis [10–15]. As in other studies, DRE almost doubled the risk of significant
PCa compared to men with normal DRE results [2,3,20,37–43].

From a clinical point of view, the main reason for recommending DRE alongside
serum PSA testing is to increase significant PCa detection in men with suspicious DRE
findings and low serum PSA levels. In our series of 5005 men who underwent prostate
biopsy after an MRI, we identified 50 men with significant PCa solely detected through
a suspicious DRE finding. This represented a 1% increase in the overall significant PCa
detection rate, which was similar to that reported in the recent meta-analysis by Matsukawa
et al. [20]. These authors concluded that DRE does not add value to serum PSA testing. In
our series, the 50 significant additional PCa cases detected in men with serum PSA levels up
to 3.0 ng/mL represented a likelihood of 24.3%, which is higher than that reported in men
with PI-RADS 3 [44,45]. On the other hand, these cases represented 2.4% of the 2097 overall
significant PCa cases detected, although the overall increase in significant PCa detection
was also 1%. In 2018, Halpern et al. analyzed 35,350 men participating in the screening arm
of the Prostate, Lung, Colorectal, and Ovarian cancer screening trial, in which DRE and
serum PSA testing were conducted jointly [28]. The incidence of significant PCa increased
from 13.7 to 23% when suspicious DRE was found in men with serum PSA levels above
3.0 ng/mL. Interestingly, the authors reported an increase from 3.5 to 6.5% in significant
PCa detection when serum PSA levels ranged between 2.1 and 3.0 ng/mL, and from 0.7 to
1% when serum PSA levels were lower than 2.1 ng/mL [35]. These data correlate with our
findings, suggesting that suspicious DRE increases the detection of significant PCa in the
overall population. We have observed that suspicious DRE increased the risk of significant
PCa from 32.4 to 65.6%. In men with serum PSA levels up to 3.0 ng/mL and suspicious
DRE findings, we observed an increase in significant PCa from 20% when serum PSA
ranged from 0.7 and 2.0 ng/mL, and 28% when it ranged from 2.1 to 3.0 ng/mL. Gosselar
et al. analyzed the positive predictive value of DRE in the first three screening rounds
at the Rotterdam section of the European Randomised Screening Prostate Cancer trial in
5040 prostate biopsies conducted in men referred due to a serum PSA level of 3.0 ng/mL
or higher. PCa was detected in 48.6% of men with suspicious DRE compared to 22.4%
without in the first round, with 71% of these being significant PCa; 29.9% compared to
17.1% during the second round, with 68.8% being significant PCa; and 21.2% vs. 18.2%
during the third round, with 85.7% being significant PCa. The authors noted that the
prediction power of DRE for detecting significant PCa in men with elevated serum PSA
was maintained over twelve years in a population-based PCa screening program [34]. Our
finding of similar aggressiveness of significant PCa in men with serum PSA levels below
and above 3.0 ng/mL has not been previously reported and suggests that omitting DRE in
population-based screening programs may delay detection until subsequent rounds, when
serum PSA rises above 3.0 ng, without an increase in aggressiveness.

Risk-stratified population-based significant PCa screening programs are currently
recommended by the European Union through an invitation for serum PSA testing from
health authorities, similar to mammography or fecal occult blood for breast or colorectal
cancers [7–9]. This is important since population-based screening programs reduce the
specific mortality of PCa significantly more effectively than opportunistic screening pro-
grams [46]. However, it must be recognized that the detection of some significant PCa is
delayed when DRE is utilized [20]. We have demonstrated that DRE improves the effective-
ness of the diagnostic pathway based on stratifications of men suspected of having PCa,
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both before and after MRI with BCN-PMs [11,12]. Therefore, the question is not whether
to use DRE in the early detection of significant PCa, but rather when to conduct it in the
diagnostic pathway of significant PCa. An expert DRE should be performed before MRI to
stratify men suspected of PCa and select appropriate candidates for MRI. A suspicious DRE
finding is an important predictor of significant PCa and is always included in predictive
models, both before and after MRI, to improve the efficacy of screening. We also highlight
that prostate inflammation can be suspected when pain occurs under digital pressure on
the posterior gland surface. Inflammation is an important cause of non-PCa elevation of
serum PSA levels and a reason for delaying and perhaps avoiding prostate biopsy [47,48].
Other novel markers can be useful [49]. Finally, DRE can identify the T-stage of potentially
detected PCa, avoiding the inconvenience of conducting it after a prostate biopsy [16].
Effective educational methods for non-experts in performing DRE are needed in significant
PCa screening programs [50].

This study has limitations. It was designed retrospectively, and the variability among
participating centers and urologists conducting DRE may have introduced bias into the
results. The definition of significant PCa in prostate biopsies may not fully represent the
pathology of the entire prostate gland. Additionally, our study was conducted within an
opportunistic screening program, which typically targets a different profile of participants
compared to population-based screening programs. Therefore, the results may be difficult
to generalize. The strengths of our study include the large sample size, the multicentric
design, and the involvement of experienced urologists who were familiar with the primary
healthcare system and the diagnostic pathway.

5. Conclusions

DRE remains a powerful predictor of significant PCa in the MRI era. Suspicious DRE
findings double the overall risk of significant PCa in prostate biopsies. DRE enhances the
identification of men suspected of having PCa, allowing the detection of 2.4% of significant
PCa cases. The diagnostic pathway for significant PCa, including DRE in predictive models
applied before and after MRI, reduced MRI demand and unnecessary prostate biopsies
compared to models without DRE, thereby increasing overall efficacy.

Author Contributions: Conceptualization, J.M. and E.T.; methodology, J.M. and E.T.; formal analysis,
J.M., B.M., and O.M.; data curation, N.P. (Nahuel Paesano), N.P. (Natàlia Picola), J.M.-R., X.R.-P.,
M.V.M.-R., A.C., G.G.-d.M., J.M.A., and P.S.; writing—original draft preparation, J.M.; writing—
review and editing, N.P. (Nahuel Paesano), O.M., and E.T.; supervision, J.M.; project administra-
tion, J.M.; funding acquisition, J.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Ministerio de Asuntos Económicos y Transformación
Digital (SP) (MIA.2021.M02.0005) and the Instituto de Salut Carlos III (SP) (PI20/01666).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Vall d´Hebron Hospital (PRAG-
02/2021) on 12 February 2021.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations

BCN-PM Barcelona-Predictive Model
CI Confidence Interval
DRE Digital Rectal Examination



Life 2024, 14, 1359 9 of 11

MRI Magnetic Resonance Imaging
OR Odds Ratio
PCa Prostate Cancer
PI-RADS Prostate Imaging-Reporting and Data System
RR Relative Risk

References
1. Chodak, G.W.; Keller, P.; Schoenberg, H. Routine screening for prostate cancer using the digital rectal examination. Prog. Clin.

Biol. Res. 1988, 269, 87–98. [PubMed]
2. Catalona, W.J.; Richie, J.P.; Ahmann, F.R.; Hudson, M.A.; Scardino, P.T.; Flanigan, R.C.; DeKernion, J.B.; Ratliff, T.L.; Kavoussi,

L.R.; Dalkin, B.L.; et al. Comparison of Digital Rectal Examination and Serum Prostate Specific Antigen in the Early Detection of
Prostate Cancer: Results of a Multicenter Clinical Trial of 6630 Men. J. Urol. 1994, 151, 1283–1290. [CrossRef] [PubMed]

3. Reissigl, A.; Horninger, W.; Fink, K.; Klocker, H.; Bartsch, G. Prostate carcinoma screening in the county of Tyrol, Austria:
Experience and results. Cancer 1997, 80, 1818–1829. [CrossRef]

4. Schroder, F.H.; Hugosson, J.; Roobol, M.J.; Tammela, T.L.; Ciatto, S.; Nelen, V.; Kwiatkowski, M.; Lujan, M.; Lilja, H.; Zappa, M.;
et al. Screening and prostate-cancer mortality in a randomized European study. N. Engl. J. Med. 2009, 360, 1320–1328. [CrossRef]

5. Frånlund, M.; Månsson, M.; Godtman, R.A.; Aus, G.; Holmberg, E.; Kollberg, K.S.; Lodding, P.; Pihl, C.G.; Stranne, J.; Lilja, H.;
et al. Results from 22 years of Followup in the. J. Urol. 2022, 208, 292–300. [CrossRef]

6. Ahmed, H.U.; El-Shater Bosaily, A.; Brown, L.C.; Gabe, R.; Kaplan, R.; Parmar, M.K.; Collaco-Moraes, Y.; Ward, K.; Hindley,
R.G.; Freeman, A.; et al. Diagnostic accuracy of multi-parametric MRI and TRUS biopsy in prostate cancer (PROMIS): A paired
validating confirmatory study. Lancet 2017, 389, 815–822. [CrossRef]

7. Van Poppel, H.; Hogenhout, R.; Albers, P.; van den Bergh, R.C.N.; Barentsz, J.O.; Roobol, M.J. Early Detection of Prostate Cancer
in 2020 and Beyond: Facts and recommendations for the European Union and the European Commission. Eur. Urol. 2020, 79,
327–329. [CrossRef]

8. Van Poppel, H.; Hogenhout, R.; Albers, P.; van den Bergh, R.C.N.; Barentsz, J.O.; Roobol, M.J. A European Model for an Organised
Risk-stratified Early Detection Programme for Prostate Cancer. Eur. Urol. Oncol. 2021, 4, 731–739. [CrossRef]

9. Van Poppel, H.; Albreht, T.; Basu, P.; Hogenhout, R.; Collen, S.; Roobol, M. Serum PSA-based early detection of prostate cancer in
Europe and globally: Past, present and future. Nat. Rev. Urol. 2022, 19, 562–572. [CrossRef]

10. Remmers, S.; Kasivisvanathan, V.; Verbeek, J.F.; Moore, C.M.; Roobol, M.J. Reducing Biopsies and Magnetic Resonance Imaging
Scans During the Diagnostic Pathway of Prostate Cancer: Applying the Rotterdam Prostate Cancer Risk Calculator to the
PRECISION Trial Data. Eur. Urol. Open Sci. 2022, 36, 1–8. [CrossRef]

11. Morote, J.; Borque-Fernando, Á.; Triquell, M.; Abascal, J.M.; Servian, P.; Planas, J.; Mendez, O.; Esteban, L.M.; Tilla, E. A
risk-organised model for clinically significant prostate cancer early detection. BJUI Compass 2023, 4, 420–422. [CrossRef] [PubMed]

12. Morote, J.; Borque-Fernando, Á.; Esteban, L.E.; Picola, N.; Muñoz-Rodriguez, J.; Paesano, N.; Ruiz-Plazas, X.; Muñoz-Rivero, M.V.;
Celma, A.; Manuel, G.G.-D.; et al. Reducing the demand for magnetic resonance imaging scans and prostate biopsies during the
early detection of clinically significant prostate cancer: Applying the Barcelona risk-stratified pathway in Catalonia. Urol. Oncol.
2024, 42, 115.e1–115.e7. [CrossRef] [PubMed]

13. Roobol, M.J.; van Vugt, H.A.; Loeb, S.; Zhu, X.; Bul, M.; Bangma, C.H.; van Leenders, A.G.; Steyerberg, E.W.; Schröder, F.H.
Prediction of prostate cancer risk: The role of prostate volume and digital rectal examination in the ERSPC risk calculators. Eur.
Urol. 2012, 61, 577–583. [CrossRef] [PubMed]

14. Morote, J.; Picola, N.; Muñoz-Rodriguez, J.; Paesano, N.; Ruiz-Plazas, X.; Muñoz-Rivero, M.V.; Celma, A.; Manuel, G.G.-D.; Miró,
B.; Abascal, J.M.; et al. The Role of Digital Rectal Examination Prostate Volume Category in the Early Detection of Prostate Cancer:
Its Correlation with the Magnetic Resonance Imaging Prostate Volume. World J. Mens Health 2024, 42, 441–448. [CrossRef]

15. Morote, J.; Borque-Fernando, Á.; Triquell, M.; Campistol, M.; Celma, A.; Regis, L.; Abascal, J.M.; Servian, P.; Planas, J.; Mendez,
O.; et al. A Clinically Significant Prostate Cancer Predictive Model Using Digital Rectal Examination Prostate Volume Category to
Stratify Initial Prostate Cancer Suspicion and Reduce Magnetic Resonance Imaging Demand. Cancers 2022, 14, 5100. [CrossRef]

16. Comford, P.; Tilki, D.; Bergh, R.; Briers, E.; Ebetli, D.; Meerleer, G.D.; Santis, M.D.; Gillessen, A.; Leeders, A.M.H.V.; Oort,
I.M.C.; et al. EAU—EANM—ESTRO—ESUR—ISUP—SIOG Guidelines on Prostate Cancer. 2024. Available online: http:
//uroweb.org/guidelines/ (accessed on 29 August 2024).

17. Totaro, A. Is digital rectal examination still useful in prostate cancer diagnosis? NO. Urologia 2019, 86, 32–33. [CrossRef]
18. Galetti, T.P. Is digital rectal examination still useful in prostate cancer diagnosis? YES. Urologia 2019, 86, 34. [CrossRef]
19. Naji, L.; Randhawa, H.; Sohani, Z.; Dennis, B.; Lautenbach, D.; Kavanagh, O.; Bawor, M.; Banfield, L.; Profetto, J. Digital Rectal

Examination for Prostate Cancer Screening in Primary Care: A Systematic Review and Meta-Analysis. Ann. Fam. Med. 2018, 16,
149–154. [CrossRef]

20. Matsukawa, A.; Yanagisawa, T.; Bekku, K.; Kardoust Parizi, M.; Laukhtina, E.; Klemm, J.; Chiujdea, S.; Mori, K.; Kimura, S.;
Fazekas, T.; et al. Comparing the Performance of Digital Rectal Examination and Prostate-specific Antigen as a Screening Test for
Prostate Cancer: A Systematic Review and Meta-analysis. Eur. Urol. Oncol. 2024, 7, 697–704. [CrossRef]

21. Kirby, R.S.; Kirby, M.G.; Feneley, M.R.; McNicholas, T.; McLean, A.; Webb, J.A. Screening for carcinoma of the prostate: A GP
based study. Br. J. Urol. 1994, 74, 64–71. [CrossRef]

https://www.ncbi.nlm.nih.gov/pubmed/3393557
https://doi.org/10.1016/S0022-5347(17)35233-3
https://www.ncbi.nlm.nih.gov/pubmed/7512659
https://doi.org/10.1002/(SICI)1097-0142(19971101)80:9%3C1818::AID-CNCR21%3E3.0.CO;2-7
https://doi.org/10.1056/NEJMoa0810084
https://doi.org/10.1097/JU.0000000000002696
https://doi.org/10.1016/S0140-6736(16)32401-1
https://doi.org/10.1016/j.eururo.2020.12.010
https://doi.org/10.1016/j.euo.2021.06.006
https://doi.org/10.1038/s41585-022-00638-6
https://doi.org/10.1016/j.euros.2021.11.002
https://doi.org/10.1002/bco2.230
https://www.ncbi.nlm.nih.gov/pubmed/37334020
https://doi.org/10.1016/j.urolonc.2023.09.020
https://www.ncbi.nlm.nih.gov/pubmed/38342654
https://doi.org/10.1016/j.eururo.2011.11.012
https://www.ncbi.nlm.nih.gov/pubmed/22104592
https://doi.org/10.5534/wjmh.230028
https://doi.org/10.3390/cancers14205100
http://uroweb.org/guidelines/
http://uroweb.org/guidelines/
https://doi.org/10.1177/0391560319834462
https://doi.org/10.1177/0391560319834463
https://doi.org/10.1370/afm.2205
https://doi.org/10.1016/j.euo.2023.12.005
https://doi.org/10.1111/j.1464-410X.1994.tb16549.x


Life 2024, 14, 1359 10 of 11

22. Curran, V.; Solberg, S.; Mathews, M.; Church, J.; Buehler, S.; Wells, J.; Lopez, T. Prostate cancer screening attitudes and continuing
education needs of primary care physicians. J. Cancer Educ. 2005, 20, 162–166. [CrossRef] [PubMed]

23. Hoag, N.A.; Davidson, R.A.; Pommerville, P.J. Prostate cancer screening practices and attitudes among primary care physicians
in Victoria, British Columbia. BC Med. J. 2008, 50, 456–460.

24. Nensi, A.; Chande, N. A survey of digital rectal examination training in Canadian medical schools. Can. J. Gastroenterol. 2012, 26,
441–444. [CrossRef] [PubMed]

25. Smith, D.S.; Catalona, W.J. Interexaminer variability of digital rectal examination in detecting prostate cancer. Urology 1995, 45,
70–74. [CrossRef]

26. Morote, J.; Borque-Fernando, A.; Triquell, M.; Celma, A.; Regis, L.; Escobar, M.; Mast, R.; de Torres, I.M.; Semidey, M.E.; Abascal,
J.M.; et al. The Barcelona Predictive Model of Clinically Significant Prostate Cancer. Cancers 2022, 14, 1589. [CrossRef]

27. Barentsz, J.O.; Richenberg, J.; Clements, R.; Choyke, P.; Verma, S.; Villeirs, G.; Rouviere, O.; Logager, V.; Futterer, J.J. ESUR prostate
MR guidelines 2012. Eur. Radiol. 2012, 22, 746–757. [CrossRef]

28. Weinreb, J.C.; Barentsz, J.O.; Choyke, P.L.; Cornud, F.; Haider, M.A.; Macura, K.J.; Margolis, D.; Schnall, M.D.; Shtern, F.; Tempany,
C.M.; et al. PI-RADS Prostate Imaging—Reporting and Data System: 2015, Version 2. Eur. Urol. 2016, 69, 16–40. [CrossRef]

29. Turkbey, B.; Rosenkrantz, A.B.; Haider, M.A.; Padhani, A.R.; Villeirs, G.; Macura, K.J.; Tempany, C.M.; Choyke, P.L.; Cornud, F.;
Margolis, D.J.; et al. Prostate Imaging Reporting and Data System Version 2.1: 2019 Update of Prostate Imaging Reporting and
Data System Version 2. Eur. Urol. 2019, 76, 340–351. [CrossRef]

30. Epstein, J.I.; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, J.R.; Humphrey, P.A.; Grading, C. The 2014 International Society of
Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma: Definition of Grading Patterns
and Proposal for a New Grading System. Am. J. Surg. Pathol. 2016, 40, 244–252. [CrossRef]

31. Moore, C.M.; Kasivisvanathan, V.; Eggener, S.; Emberton, M.; Fütterer, J.J.; Gill, I.S.; Iii, R.L.G.; Hadaschik, B.; Klotz, L.;
Margolis, D.J.; et al. Standards of reporting for MRI-targeted biopsy studies (START) of the prostate: Recommendations from an
International Working Group. Eur. Urol. 2013, 64, 544–552. [CrossRef]

32. Kim, S.H.; Park, B.K.; Kim, C.K.; Lee, H.M.; Park, J.W.; Ahn, H. Age-specific prostate-specific antigen reference ranges by
volume-weighted and empirical methods in Korean men. Prostate 2007, 67, 152–157.

33. Borden, L.S.; Wright, J.L.; Kim, J.; Latchamsetty, K.; Porter, C.R. An abnormal digital rectal examination is an independent
predictor of Gleason > or =7 prostate cancer in men undergoing initial prostate biopsy: A prospective study of 790 men. BJU Int.
2007, 99, 559–563. [CrossRef] [PubMed]

34. Gosselaar, C.; Roobol, M.J.; Roemeling, S.; Schröder, F.H. The role of the digital rectal examination in subsequent screening visits
in the European randomized study of screening for prostate cancer (ERSPC), Rotterdam. Eur. Urol. 2008, 54, 581–588. [CrossRef]
[PubMed]

35. Halpern, J.A.; Oromendia, C.; Shoag, J.E.; Mittal, S.; Cosiano, M.F.; Ballman, K.V.; Vickers, A.J.; Hu, J.C. Use of Digital Rectal
Examination as an Adjunct to Prostate Specific Antigen in the Detection of Clinically Significant Prostate Cancer. J. Urol. 2018,
199, 947–953. [CrossRef]

36. Cui, T.; Kovell, R.C.; Terlecki, R.P. Is it time to abandon the digital rectal examination? Lessons from the PLCO Cancer Screening
Trial and peer-reviewed literature. Curr. Med. Res. Opin. 2016, 32, 1663–1669. [CrossRef]

37. Alberts, A.R.; Roobol, M.J.; Verbeek, J.F.M.; Schoots, I.G.; Chiu, P.K.; Osses, D.F.; Tijsterman, J.D.; Beerlage, H.P.; Mannaerts,
C.K.; Schimmöller, L.; et al. Prediction of High-grade Prostate Cancer Following Multiparametric Magnetic Resonance Imaging:
Improving the Rotterdam European Randomized Study of Screening for Prostate Cancer Risk Calculators. Eur. Urol. 2019, 75,
310–318. [CrossRef]

38. Roberts, R.O.; Bergstralh, E.J.; Katusic, S.K.; Lieber, M.M.; Jacobsen, S.J. Decline in prostate cancer incidence following negative
prostate biopsy: A population-based study. J. Urol. 2000, 163, 1113–1117.

39. Catalona, W.J.; Smith, D.S.; Ratliff, T.L.; Dodds, K.M.; Coplen, D.E.; Yuan, J.J.; Petros, J.A.; Andriole, G.L. Measurement of
prostate-specific antigen in serum as a screening test for prostate cancer. N. Engl. J. Med. 1993, 324, 1156–1161. [CrossRef]

40. Okotie, O.T.; Roehl, K.A.; Han, M.; Loeb, S.; Gashti, S.N.; Catalona, W.J. Characteristics of prostate cancer detected by digital
rectal examination only. Urology 2007, 70, 1117–1120. [CrossRef]

41. Schroder, F.H.; Hugosson, J.; Roobol, M.J.; Tammela, T.L.; Ciatto, S.; Nelen, V.; Kwiatkowski, M.; Lujan, M.; Lilja, H.; Zappa, M.;
et al. Prostate-cancer mortality at 11 years of follow-up. N. Engl. J. Med. 2012, 366, 981–990. [CrossRef]

42. Roehl, K.A.; Antenor, J.A.V.; Catalona, W.J. Serial prostate biopsies in men with persistently elevated serum prostate-specific
antigen values. J. Urol. 2007, 167, 490–494.

43. Zaytoun, O.M.; Jones, J.S.; Rabets, J.C.; Kattan, M.W.; Klein, E.A. Prostate cancer detection in men with previous negative
biopsy and elevated prostate-specific antigen level: Repeat biopsy stratified by a combination of risk factors. BJU Int. 2011, 107,
1120–1124.

44. Mazzone, E.; Stabile, A.; Pellegrino, F.; Basile, G.; Cignoli, D.; Cirulli, G.O.; Sorce, G.; Barletta, F.; Scuderi, S.; Bravi, C.A.; et al.
Positive Predictive Value of Prostate Imaging Reporting and Data System Version 2 for the Detection of Clinically Significant
Prostate Cancer: A Systematic Review and Meta-analysis. Eur. Urol. Oncol. 2020, 4, 697–713. [CrossRef] [PubMed]

45. Oerther, B.; Engel, H.; Bamberg, F.; Sigle, A.; Gratzke, C.; Benndorf, M. Cancer detection rates of the PI-RADSv2.1 assessment
categories: Systematic review and meta-analysis on lesion level and patient level. Prostate Cancer Prostatic Dis. 2022, 25, 256–263.
[CrossRef]

https://doi.org/10.1207/s15430154jce2003_10
https://www.ncbi.nlm.nih.gov/pubmed/16122364
https://doi.org/10.1155/2012/681357
https://www.ncbi.nlm.nih.gov/pubmed/22803019
https://doi.org/10.1016/S0090-4295(95)96812-1
https://doi.org/10.3390/cancers14061589
https://doi.org/10.1007/s00330-011-2377-y
https://doi.org/10.1016/j.eururo.2015.08.052
https://doi.org/10.1016/j.eururo.2019.02.033
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.1016/j.eururo.2013.03.030
https://doi.org/10.1111/j.1464-410X.2006.06647.x
https://www.ncbi.nlm.nih.gov/pubmed/17155976
https://doi.org/10.1016/j.eururo.2008.03.104
https://www.ncbi.nlm.nih.gov/pubmed/18423977
https://doi.org/10.1016/j.juro.2017.10.021
https://doi.org/10.1080/03007995.2016.1198312
https://doi.org/10.1016/j.eururo.2018.07.031
https://doi.org/10.1056/NEJM199104253241702
https://doi.org/10.1016/j.urology.2007.07.019
https://doi.org/10.1056/NEJMoa1113135
https://doi.org/10.1016/j.euo.2020.12.004
https://www.ncbi.nlm.nih.gov/pubmed/33358543
https://doi.org/10.1038/s41391-021-00417-1


Life 2024, 14, 1359 11 of 11

46. Godtman, R.; Holmberg, E.; Lilja, H.; Stranne, J.; Hugosson, J. Opportunistic testing versus organized prostate-specific antigen
screening: Outcome after 18 years in the Göteborg randomized population-based prostate cancer screening trial. Eur. Urol. 2015,
68, 354–360. [CrossRef]

47. Sindhwani, P.; Wilson, C.M. Prostatitis and serum prostate-specific antigen. Curr. Urol. Rep. 2005, 6, 307–312. [CrossRef]
48. Sandhu, J.S. Management of elevated prostate-specific antigen in men with nonbacterial chronic prostatitis. Curr. Urol. Rep. 2009,

10, 302–306. [CrossRef]
49. Anceschi, U.; Tuderti, G.; Lugnani, F.; Biava, P.M.; Malossini, G.; Luciani, L.; Cai, T.; Marsiliani, D.; Filianoti, A.; Mattevi, D.; et al.

Novel Diagnostic Biomarkers of Prostate Cancer: An Update. Curr. Med. Chem. 2019, 26, 1045–1058. [CrossRef]
50. Morra, S.; Napolitano, L.; Ruvolo, C.C.; Celentano, G.; La Rocca, R.; Capece, M.; Creta, M.; Passaro, F.; Di Bello, F.; Cirillo, L.;

et al. Could YouTubeTM encourage men on prostate checks? A contemporary analysis. Arch. Ital. Urol. Androl. 2022, 94, 285–290.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.eururo.2014.12.006
https://doi.org/10.1007/s11934-005-0029-y
https://doi.org/10.1007/s11934-009-0049-0
https://doi.org/10.2174/0929867325666180914115416
https://doi.org/10.4081/aiua.2022.3.285

	Introduction 
	Materials and Methods 
	Design, Setting, and Participants 
	Data Analysis 
	Significant Prostate Cancer Diagnostic Pathway 
	Variables in the Study 
	Statistical Analysis 

	Results 
	Characteristics of Study Population 
	Independence of DRE for Significant Prostate Cancer Detection 
	Significant Prostate Cancer Detection Solely Through Suspicious DRE 
	Effect of DRE Findings for Improving the Efficacy of the Barcelona Diagnostic Pathway 
	Aggressiveness of Significant PCa Detected in Men Suspected of Having PCa Solely Identified with DRE 

	Discussion 
	Conclusions 
	References

