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Background: Several active surveillance (AS) criteria have been established to screen
insignificant prostate cancer (insigPCa, defined as organ confined, low grade and small
volume tumors confirmed by postoperative pathology). However, their comparative
diagnostic performance varies. The aim of this study was to compare the diagnostic
accuracy of contemporary AS criteria and validate the absolute diagnostic odds ratio
(DOR) of optimal AS criteria.

Methods: First, we searched Pubmed and performed a Bayesian network meta-analysis
(NMA) to compare the diagnostic accuracy of contemporary AS criteria and obtained a
relative ranking. Then, we searched Pubmed again to perform another meta-analysis to
validate the absolute DOR of the top-ranked AS criteria derived from the NMA with two
endpoints: insigPCa and favorable disease (defined as organ confined, low grade tumors).
Subgroup and meta-regression analyses were conducted to identify any potential
heterogeneity in the results. Publication bias was evaluated.

Results: Seven eligible retrospective studies with 3,336 participants were identified for the
NMA. The diagnostic accuracy of AS criteria ranked from best to worst, was as follows:
Epstein Criteria (EC), Yonsei criteria, Prostate Cancer Research International: Active
Surveillance (PRIAS), University of Miami (UM), University of California-San Francisco
(UCSF), Memorial Sloan-Kettering Cancer Center (MSKCC), and University of Toronto
(UT). I = 50.5%, and sensitivity analysis with different insigPCa definitions supported the
robustness of the results. In the subsequent meta-analysis of DOR of EC, insigPCa and
favorable disease were identified as endpoints in ten and twenty-two studies, respectively.
The pooled DOR for insigPCa and favorable disease were 0.44 (95%ClI, 0.31-0.58) and
0.66 (95%CI, 0.61-0.71), respectively. According to a subgroup analysis, the DOR for
favorable disease was significantly higher in US institutions than that in other regions. No
significant heterogeneity or evidence of publication bias was identified.
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Conclusions: Among the seven AS criteria evaluated in this study, EC was optimal for
positively identifying insigPCa patients. The pooled diagnostic accuracy of EC was 0.44
for insigPCa and 0.66 when a more liberal endpoint, favorable disease, was used.

Systematic Review Registration: [https://www.crd.york.ac.uk/prospero/],
PROSPERO [CRD42020157048].

Keywords: prostate cancer, active surveillance, selection criteria, diagnostic accuracy, Epstein criteria, network

meta-analysis

INTRODUCTION

An estimated 1.28 million new cases of prostate cancer (PCa)
occurred in 2018 worldwide (1), and PCa remains the second
most commonly diagnosed cancer in men (2). PCa has an
indolent natural history in most cases, and most patients die of
other causes before disease progression (3). Due to the
widespread use of prostate-specific antigen (PSA) screening,
many of these cancers are detected when they are in the early
stage, low-grade, and localized (4).

With the intention of avoiding overtreatment and preserving
quality of life, active surveillance (AS) was originally suggested in
1994 (5), Epstein et al. first introduced the definition of clinically
insignificant prostate cancer (insigPCa), which is defined as organ-
confined, no Gleason pattern 4/5 and small volume PCa, and the
Epstein criteria (EC) was established to predict these insigPCa.
Since then, AS has been offered as an alternative to immediate
curative intervention in men with favorable-risk PCa. Most patients
are monitored on surveillance with PSA and digital rectal
examination (DRE) at least biannually, and received surveillance
prostate biopsies at a 1-2-year interval. Interventions were taken
once high-grade disease was found on surveillance biopsies. The 15-
year disease-specific mortality rate of AS is lower than 5% in men
with low-risk PCa (6), and AS leads to a better quality-adjusted life
experience than is reported by those who undergo curative
treatment (7). Consequently, the population considered suitable
for AS has rapidly expanded in recent years. The National
Comprehensive Cancer Network (NCCN) now recommends AS
as the preferred management option for men with very low-risk and
low-risk PCa with over a 20-year and 10-year expected survival,
respectively, and suggests that AS can even be considered in patients
with favorable intermediate-risk cancer (8).

Several eligibility criteria have been established for AS based
on published findings from large cohort studies. These criteria
include clinical stage, PSA level, PSA density (PSAD = PSA level/
prostate volume), Gleason score (GS), number of positive cores,
and maximum cancer involved of a single core. However, the
eligibility characteristics used to screen patients vary widely
across different institutions, and there is currently no
consensus on which criteria are optimal (9).

The misclassification rates of AS criteria are controversial. Some
research has indicated that AS selection criteria may underestimate
disease grade and extent in a small number of cases (10). However,
in studies that evaluated upgrading in patients who underwent
radical prostatectomy (RP), approximately 30% of men with a
Gleason score of 5-6 based on needle biopsy were found to have

higher-grade disease during RP (10-12). Meanwhile, several
widely-used AS programs noted approximately the same
upgrading rate on their first repeat biopsy within 1 year of
diagnosis (13-15). These similarities strongly suggest that initial
misclassification is the most common reason for reclassification at
first-year surveillance biopsy (14, 16).

Variation in the AS selection criteria may result in different
diagnostic accuracies (17). As far as we know, no direct comparison
oflarge sample data has been done in this field yet. In this study, we
used a Bayesian network meta-analysis (NMA) to indirectly
compare the diagnostic accuracy of contemporary AS criteria and
provide a diagnostic-accuracy ranking. Then, to further validate the
absolute diagnostic odds ratio (DOR, i.e., accurately diagnosed rate)
of top-ranked criteria derived from the NMA, another meta-
analysis of DOR was performed.

METHODS

This study adhered to the recommendations of the Meta-Analyses
of Observational Study in Epidemiology (MOOSE) group (18) and
it was pre-registered in PROSPERO (with ID: CRD42020157048).

Search Strategy

First, in order to identify the optimal AS criteria, we systematically
reviewed PubMed for articles that were published from January
2008 to May 2019 for our NMA. The following search strategy was
used: ((protocols [Title/Abstract]) OR criteria [Title/Abstract]))
AND ((active surveillance [Title/Abstract]) AND prostatectomy
[Title/ Abstract]. Then, to further validate the DOR of the optimal
AS criteria, we performed a second systematic search of PubMed
articles published before March 2020 using the following search
strategy: (((protocol [Title/Abstract]) OR criteria [Title/
Abstract])) AND ((Epstein [Title/Abstract]) OR (Hopkins[Title/
Abstract])OR (Insignificant[ Title/ Abstract])) AND prostatectomy
[Title/Abstract]).

Inclusion and Exclusion Criteria

The research strategy was framed by PICOS format. The two
screening steps shared common inclusion and exclusion criteria.
Each study was only included in the analysis if it met the following
criteria: (1) the study was retrospective in design; (2) the
participants fulfilled the requirements of any AS criteria and
were treated with RP without neoadjuvant androgen deprivation
treatment; (3) a head-to-head comparison of the diagnostic
accuracies of two or more AS criteria was presented (note that
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this inclusion criterion was applied only to the NMA); and (4)
postsurgical pathology (RP specimen) results were available,
especially for cases of pathologically insignificant PCa (insigPCa)
or favorable disease. Two definitions of insigPCa were applied: the
classical definition (organ-confined Gleason score (GS) <6 (no
Gleason pattern 4/5, ie., International Society of Urological
Pathology (ISUP) score = 1; and tumor volume <0.5 cm?) (19);
and the updated definition (organ-confined GS <6; index and
overall tumor volume <1.3 and <2.5 c¢m’, respectively) (20).
Favorable disease was defined as organ-confined, GS < 6 with a
negative surgical margin. The following were defined as exclusion
criteria: (1) published in a language other than English; (2) absence
of data on insignificant cancer; and (3) reviews, meeting posters,
comments, and study criteria. Two researchers independently
reviewed the title and abstract of each included study to identify
articles for full-text screening. A third author was consulted to
resolve any disagreements.

Data Extraction

A predesigned form was used to extract general information and
postoperative pathology characteristics for analysis. The following
summary data were recorded: first author, year of publication, year
of study recruitment, region, total number of patients, mean age,
mean preoperative PSA, mean number of biopsy cores, the AS
criteria examined, and the number of patients eligible for each
protocol, and also the number of insigPCa cases. Our main
outcome was diagnostic odds ratio (DOR) = percentage of
pathologically insigPCa or favorable disease accurately diagnosed
by each criterion.

Statistical Analyses

The network plot of the comparisons among the seven AS
criteria was generated using STATA SE 15 software (21). Odds
ratios (ORs) with 95% credibility intervals (Crls) were used as
summary characteristics to quantify the performance of each AS
criterion relative to that of EC (recommended in the AUA
\NCCN\EAU guideline) in the NMA. A forest plot was created
to compare AS criteria with EC using a Bayesian model and
Markov chain Monte Carlo methods in R 3.5.3 (22), random and
fixed effects models were created to evaluate reported outcomes;
a random effects model was selected if significant heterogeneity
was identified. Surface under the cumulative ranking (SUCRA)
analysis was then conducted to obtain a hierarchy of the seven
AS criteria according to their relative performance (23). Forest
plots of diagnostic accuracy were generated for each AS criteria
to sketch profiles of the absolute DORs.

Publication bias was tested using funnel plots and Egger’s
regression test (24), with asymmetrical, skewed and inverted
funnels indicating the presence of publication bias (25).
Heterogeneity was assessed using forest plots and I2 statistics.
12 values greater than 25, 50, or 75% indicate low, moderate, or
high heterogeneity, respectively (26).

Sensitivity analysis was conducted to determine whether the
applied definition of insigPCa (classical versus updated) affected
the NMA results. First, the NMA included only studies that
reported the use of both definitions, to enable us to validate the
internal robustness of the results obtained when using each

definition individually. Second, we analyzed studies that
applied different combinations of insigPCa definitions:
InsigPCal (6 studies with a classical definition & 1 with an
updated definition) and InsigPCa2 (4 studies with a classical
definition & 3 with an updated definition). The robustness of the
NMA results was validated by comparing the forest plots and
ranking plots obtained using different combinations.

A systematic meta-analysis of the DOR was performed for
further validation of diagnostic accuracy with the criteria found
to achieve the best rank in the SUCRA analysis. Forest plots were
generated to estimate the pooled DOR of insigPCa and favorable
disease. Heterogeneity was estimated; if significant heterogeneity
was found, subgroup analysis and meta-regression were
performed to evaluate the potential influencing factors.

RESULTS

Network Meta-Analysis

Three hundred and five articles were identified in the initial
database search. Of these, 50 duplicates were excluded, and 167
additional articles were excluded after reviewing their titles and
abstracts. Consequently, 88 publications remained for full-text
screening. Of these, 7 studies were selected for the final NMA
(27-33). Seven criteria were finally identified in this study: EC
(5), Prostate Cancer Research International: Active Surveillance
(PRIAS) (34), Memorial Sloan-Kettering Cancer Center
(MSKCC) (35), University of California, San Francisco (UCSF)
(36), University of Miami (UM) (37), University of Toronto
(UT) (38), and Yonsei criteria (31); for details of these included
critera see Supplementary Table 1. Figure 1 shows the flowchart
of the selection procedure.

The baseline characteristics of the patients in the seven included
studies are summarized in Table 1. All seven were retrospective
studies published from January 2008 to May 2019. A total of 3,336
participants were included in this NMA. All these men accepted RP
soon after the diagnosis through the AS criteria with TRUS guided
biopsy. The EC and PRIAS criteria were analyzed in all 7 included
studies (27-33), the MSKCC criteria was analyzed in 6 studies (28—
33), the UCSF and UM criteria were analyzed in 5 studies (28-31,
33), the UT protocol was analyzed in 2 studies (30, 32), and the
Yonsei protocol was analyzed in only one study, by Lim et al. (31).
Four studies used the classical definition of insigPCa as a
pathological endpoint (29-32), Iremashvili et al. (28) and
Yamada et al. (33) applied both classical and updated definitions
(28, 33), and Cantiello et al. used only an updated definition (27).

A network plot was constructed to illustrate the comparisons
of the seven AS criteria (Supplementary Figure 1). A forest plot
showing the comparisons between each AS criteria and the EC is
shown in Figure 2. Compared to all other criteria except for the
Yonsei protocol, the EC was significantly better in predicting
pathological insigPCa, and the pooled diagnostic accuracy of EC
was 0.45 (95% Crl, 0.28-0.62) (see Figure 3). However, only one
article reported the diagnostic accuracy of the Yonsei criteria
(DOR = 0.25). Diagnostic accuracy of each AS criteria to identify
patients with insigPCa is shown in detail in Supplementary
Table 2. Because the Crl was wide, there was no significant
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305 articles identified after initial database searches

50 duplicate citations
167 articles excluded after screening of title and
abstract

88 publications remained for the further full—text screening

3 duplicate citations

2 non—English studies

5 not relevant

64 no data of insignificant PCa

7 publications only evaluated one AS protocol

7 studies were eventually selected for this final NMA

FIGURE 1 | Flowchart of the study selection process and design.

difference between the EC and Yonsei criteria in their ability to
predict insigPCa (OR, 0.82; 95% Crl, 0.42-1.50). The Yonsei
protocol had no significant advantage over other AS criteria
except for the UT protocol (OR, 0.48; Crl, 0.24-0.92)
(Supplementary Figure 2). A SUCRA plot of these seven AS
criteria is presented in Figure 4. When the seven AS criteria were
ranked from best to worst according to their ability to positively
predict insigPCa, their order was as follows: EC, Yonsei, PRIAS,
UM, UCSF, MSKCC, and UT.

Moderate heterogeneity was found in the NMA (I* = 50.5%,
Supplementary Figure 3). There was no strong evidence of
publication bias, and the funnel plot showed a certain degree of
symmetry (Supplementary Figure 4).

Sensitivity analysis was carried out in two steps. First, to
evaluate the two studies in which both the classical and updated
definitions were used, the NMA was conducted on each
definition respectively and the results consistently show that
among the included criteria, EC was performed best
(Supplementary Figures 5, 6). Second, the analysis of the
InsigPCal and InsigPCa2 combinations again showed that EC
was the optimal protocol (for InsigPCal, see Figure 2; and for
InsigPCa2, see Supplementary Figure 7), and the relative
ranking of the criteria remained stable (for InsigPCal, see
Figure 4; and for InsigPCa2, see Supplementary Figure 8).

Meta-Analysis of the DOR of the Optimal
AS Criteria Derived From the NMA

After the initial database search, 163 articles were identified in a
second search for studies that presented meta-analyses of the

DOR achieved by the EC in either insigPCa or favorable
disease. After reviewing the titles and abstracts of these
articles, 117 were excluded, and 46 remained for further full-
text screening. In all, 10 and 22 studies were selected for the
meta-analyses of the DOR of the EC in insigPCa and favorable
disease, respectively (for the flowchart of this study, see
Supplementary Figure 10).

A systematic meta-analysis was performed to validate the
diagnostic accuracy of the EC for insigPCa. In all, 1,185 men
were included from 10 studies (7 studies were same to the NMA
with 3 additional studies) (27-33, 39-41), and the pooled DOR
was 0.44 (95% Crl, 0.31-0.58, see Figure 5), consistent with
results of the previously pooled analysis of the original 7 studies.
While all 10 of these studies used the classical definition of
insigPCa, there was significant heterogeneity (I* = 95%). We
considered that the region in which the studies were performed
(inside or outside the US), the median duration of the study
recruitment period, sample size and whether the central
pathology was reviewed (yes or no) may represent potential
sources of heterogeneity. While the subgroup analysis and
meta-regression revealed no statistically significant differences
for any of these factors (see Supplementary Figures 11, 12 and
Supplementary Table 3). The funnel plot showed no
asymmetry suggestive of publication bias (see Supplementary
Figure 13), and the P-value of Egger’s regression test
was 0.7427.

Next, we performed another systematic meta-analysis to
validate the diagnostic accuracy of EC in favorable disease. This
yielded a total of 5,229 men from 22 studies (4 studies were
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TABLE 1 | Baseline characteristics of studies eligible for the network meta-analysis.

Study Year Region Included AS No. of patients Median age/years Median pre-operative PSA/ Mean No. of biopsy Definition of
protocols eligible to AS (median;IQR) ng/ml (median;IQR) cores (mean; IQR) insigPCa

Cantiello 2015 EU PRIAS 188 66.0 (61.0-67.0)* 4.76 (4.05-7.01)* NA (>10) Updated
etal. (16) EC 96 65.0 (60.0-68.0)* 5.43 (4.26-7.08)*
Iremashvili 2012 US EC 109 60.8 (56.0-64.6) 5.0 (4.0-7.3) 11.3 (10-18) Classical and
etal (17) MSKCC 246 update

PRIAS 190

UCSF 270

UM 189
Kangetal. 2015 Asia EC 70 62.0 (567.0-67.0) 5.4 (4.3-6.9) NA(>10) Classical
(18) MSKCC 161

PRIAS 109

UCSF 141

UM 96
Kim et al. 2014 Asia EC 137 66.0 (61.0-70.0) 5.5 (4.0-9.0) NA (>10) Classical
(19) uT 387

UCSF 334

PRIAS 226

UM 222

MSKCC 322
Lim et al. 2013 Asia EC 31 63.2 7.7 7.9 +0.3" 12.2 1.8 Classical
(20) MSKCC 121

PRIAS 101

UCSF 159

UM 88

Yonsei 69
Palisaar 2012 EU MSKCC 308 65.0 (42.0-77.0) 9.4 (0.6-83) 12.4 (10.0-32.0) Classical
etal (21) EC 99

uTt 514

PRIAS 174
Yamada 2015 Asia EC 35 67.0 (48-75) 6.0 (1.05-19.9) NA Classical and
etal. (22) PRIAS 55 updated

UM 69

UCSF 89

MSKCC 92

uTt 118

*Baseline data of each AS protocol; **Data provided with: mean + SD. IQR, inter quartile range; insigPCa, insignificant Prostate cancer; EC, Epstein Criteria; PRIAS, Prostate Cancer Research
International: Active Surveillance; MSKCC, Memorial Sloan-Kettering Cancer Center; UCSF, University of California, San Francisco; UM, University of Miami; UT, University of Toronto.

Compared with EC

MSKCC
PRIAS
UCSF
UM

uT
Yonsei

Odds Ratio (95% Crl)

0.64 (0.50, 0.82)
0.79 (0.63, 1.0)
0.58 (0.45, 0.75)
0.76 (0.58, 1.0)
0.39 (0.30, 0.53)
0.82 (0.42, 1.5)

0.2 1

|
2

FIGURE 2 | Forest plot showing a comparison of the diagnostic performance of all other included AS criteria in comparison to that of the EC. An OR greater than
one represents a benefit relative to EC in terms of diagnostic accuracy for insignificant prostate cancer. EC, Epstein Criteria; PRIAS, Prostate Cancer Research
International: Active Surveillance; MSKCC, Memorial Sloan-Kettering Cancer Center; UCSF, University of California, San Francisco; UM, University of Miami; UT,
University of Toronto; Crl, Credible interval.

same to the NMA and 18 studies were additional) (28, 30, 40,
42-54), and a pooled DOR of 0.66 (95% CI, 0.61-0.71, see
Figure 6). There was also significant heterogeneity in this meta-
analysis (I = 91%). The subgroup analysis of sample size and

meta-regression of region (studies performed inside or outside
the USA) produced significant results (see Supplementary
Table 4): the p-values for sample size and region were 0.049
and 0.013, respectively. The pooled DOR of the EC was
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Study Events Total Proportion 95%-Cl
EC '
Cantiello 2015 61 96 d —_— 0.64 [0.53;0.73]
Iremashvili 2012 65 109 e 0.60 [0.50; 0.69]
Kang 2015 55 70 d —_— 0.79 [0.67;0.87)
Kim 2014 2 137 = , 0.16 [0.10;0.23)
Lim 2013 10 31 —— 0.32 [0.17:0.51]
Palisaar 2012 28 99 ——— ! 0.28 [0.20; 0.38]
Yamada 2015 14 35 B 0.40 [0.24; 0.58]
Random effects model 577 _—— 0.45 [0.28; 0.62]
Heterogeneity: 1#=93%, p <0.01 "

|

1
MSKCC ;
Iremashvili 2012 15 246 —#- 0.47 [0.40; 0.53]
Kang 2015 19 161 | — 0.74 (0.66; 0.81]
Kim 2014 34 322 B , 0.11 [0.07;0.14)
Lim 2013 25 121 — ! 0.21 [0.14; 0.29]
Palisaar 2012 66 308 — d 0.21 (0.17; 0.26]
Yamada 2015 21 92 e ' 0.23 (0.15;0.33]
Random effects model 1250 _— 0.30 [0.16; 0.49]
Heterogeneity: 1 =97%, p <0.01 i

1

1
PRIAS .
Cantiello 2015 15 188 | —— 0.61 [0.54; 0.68)
Iremashvili 2012 103 190 —:E—- 0.54 [0.47; 0.61]
Kang 2015 79 109 L 0.72 [0.63; 0.81]
Kim 2014 32 226 =+ ; 0.14 [0.10;0.19)
Lim 2013 23 101 e ! 0.23 [0.15; 0.32)
Palisaar 2012 41 174 —— 1 0.24 [0.17;0.31]
Yamada 2015 18 55 —— " 0.33 [0.21;0.47)
Random effects model 1043 — 0.38 [0.23; 0.56]
Heterogeneity: /* = 96%, p < 0.01 ,

1
UCSF |
Iremashvili 2012 121 270 -E':' 0.45 [0.39; 0.51]
Kang 2015 104 141 , —— 0.74 (0.66; 0.81)
Kim 2014 34 334 B . 0.10 [0.07; 0.14)
Lim 2013 29 159 —— ! 0.18 (0.13; 0.25]
Yamada 2015 21 89 —_—— ' 0.24 [0.15;0.34]
Random effects model 993 —_— 0.31 [0.14; 0.54]
Heterogeneity: 1> = 97%, p <0.01 i

1

1
UM :
Iremashwili 2012 104 189 e 0.55 [0.48; 0.62]
Kang 2015 72 96 " — 0.75 [0.65; 0.83)
Kim 2014 29 222 B , 0.13 [0.09; 0.18]
Lim 2013 20 88 — H 0.23 [0.14;0.33]
Yamada 2015 19 69 —_— ) 0.28 [0.17; 0.40)
Random effects model 664 —_— 0.36 [0.18; 0.60]
Heterogeneity: /2 = 96%, p < 0.01 E

1
uT :
Kim 2014 35 387 == ! 0.09 (0.06;0.12)
Palisaar 2012 59 514 -+ | 0.1 [0.09; 0.15]
Yamada 2015 2 118 =4 d 0.19 [0.12; 0.27]
Random effects model 1019 < X 0.12 [0.09; 0.16]
Heterogeneity: /* = 64%, p = 0.02 : : : ! : : :

0 02 04 06 08 1
FIGURE 3 | Population-weighted pooled diagnostic accuracy of each AS protocol. (InsigPCal, including 6 studies with classical definition and 1 study with updated
definition of insigPCa). Note: The absolute diagnostic accuracy of the Yonsei protocol was calculated based on only Lim et al, which was 0.25.
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o
EC MSKCC PRIAS UCSF UM uT Yonsei
FIGURE 4 | Surface under the cumulative ranking (SUCRA) plot of the 7
included AS protocols. A darker color is proportional to a better performance
in predicting insigPCa.

significantly higher in studies performed in the USA than in
those performed in other regions (0.73 vs 0.62, p = 0.013; see
Supplementary Figure 14). While the significant relationship
between sample size and the DOR indicated potential
publication bias, the funnel plot for publication bias showed a
certain degree of symmetry (see Supplementary Figure 15),
and the p-value of an Egger’s regression test for plot symmetry
was 0.7585. No evidence of publication bias was found.

DISCUSSION

Identifying patients with purely low-grade prostate cancer is
currently problematic because of disease misclassification. The
true misclassification rate in these patients is controversial, and
the diagnostic abilities of contemporary AS criteria may be
overestimated. The diagnostic accuracy of AS criteria can be
validated using studies that evaluated pathological outcomes at
RP in men who fulfilled AS selection criteria but underwent
definitive treatment.

The results of the NMA showed that EC had the best
predictive ability for insigPCa, except for the Yonsei criteria,
which was evaluated in only 1 study, and sensitivity analysis
showed that the results of the NMA were robust regardless of
whether a classical or updated definition of insigPCa was used
(see Supplementary Figure 9). The pooled diagnostic accuracy
of the EC for insigPCa was 0.44, indicating that more than half of
the cases of prostate cancer that were initially considered
clinically “insignificant” were not in fact insignificant.
According to the results obtained in previous large AS cohorts,
the rate of upgrading at the first repeat biopsy was approximately
30% (14, 55), which is lower than the DOR found for insigPCa
using the AS criteria evaluated in this study. Therefore, a separate
meta-analysis was performed to validate the DOR of insigPCa
using the EC with a more liberal endpoint, favorable disease,
which rules out the volume of PCa, which is a restrictive
condition. The pooled DOR of the EC for favorable disease
was 0.66, which is more consistent with the real-life experience
reported in previous large cohorts.

In 2018, the American Urological Association/American
Society for Radiation Oncology/Society of Urologic Oncology
(AUA/ASTRO/SUO) guidelines announced that given the
increase in the number of cores obtained in a systematic
biopsy, the definition for a diagnosis of very low-risk PCa
should be updated to refer to cases in which no more than

Study Events Total Proportion 95%-Cl
Lee2010 50 136 —*—- 0.37 [0.29; 0.45]
O'Brein2011 49 173 —— i 0.28 [0.22; 0.36]
Iremashcili2012 65 109 Py—— 0.60 [0.50; 0.69]
Palisaar2012 28 99 —— 0.28 [0.20; 0.38]
Lim2013 10 31 —_— 0.32 [0.17;0.51]
Kim2014 22 137 —— 0.16 [0.10; 0.23]
Cantiello2015 61 96 iy —— 0.64 [0.53;0.73]
Kang2015 55 70 : —_— 0.79 [0.67;0.87]
Yamada2015 14 35 —_— 0.40 [0.24;0.58]
Kryvenko2016 198 299 = 0.66 [0.61;0.72]
Fixed effect model 1185 > 0.48 [0.44; 0.51]
Random effects model — 0.44 [0.31; 0.58]
Heterogeneity: /* = 95%, %4 = 171.22 (p <0.01)! I I I I I

0O 02 04 06 08 1

Diagnostic rate of insigPCa with EC
FIGURE 5 | Forest plot of studies that explored the diagnostic accuracy of the EC for insigPCa.
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Study Events Total Proportion 95%-Cl
Suradi2009 44 61 —_— 0.72 [0.59; 0.83]
Lee2010 79 136 —— 0.58 [0.49; 0.66]
Dong2012 41 61 —H— 0.67 [0.54;0.79]
Iremashvili2012 87 109 § = 0.80 [0.71;0.87]
Palisaar2012 71 99 — 0.72 [0.62; 0.80]
Reese2013 1471 1890 0.78 [0.76; 0.80]
Elhajj2013 104 191 —— i 0.54 [0.47;0.62]
Muller2013 51 72 ——-—«— 0.71 [0.59; 0.81]
Choo2014 135 233 ——i | 0.58 [0.51; 0.64]
Jalloh2015 1014 1297 R 0.78 [0.76; 0.80]
Pietzak2015 105 136 —-°— 0.77 [0.69; 0.84]
Fan2018 15 18 — 0.83 [0.59; 0.96]
Yamada2015 19 35 —_— 0.54 [0.37;0.71]
Kim2014 76 137 — 0.55 [0.47;0.64)]
Goto2011 5 6 — 0.83 [0.36; 1.00]
Jeldres2007 278 366 ~— 0.76 [0.71;0.80]
Hekal2009 19 35 —_— 0.54 [0.37;0.71]
Lee2009 91 131 ——.,- 0.69 [0.61;0.77]
Chondros2015 7 28 —_— i 0.30 [0.13;0.53]
Tomaskovic2013 41 106 — . 0.39 [0.29; 0.49]
Chamie2014 46 67 —°-— 0.69 [0.56; 0.79]
Chung2015 12 20 —'—'— 0.60 [0.36; 0.81]
Fixed effect model 5229 x 0.72 [0.71; 0.74]
Random effects model < 0.66 [0.61; 0.71]
Heterogeneity: P =91%, Z§| =223.54 (p <0.01) I I I I L
0 02 04 06 08 1
Diagnostic rate of favorable disease with EC
FIGURE 6 | Forest plot of studies that explored the diagnostic accuracy of the EC for favorable disease.

33% of the total cores are positive (instead of those in which no
more than two cores are positive, as was stated in the previous
version) (56). Table 1 shows that although the total number of
cores obtained during biopsy was more than the traditional six
cores in all of the included studies, they all still used “no more
than 2 cores” as an eligibility characteristic when applying the EC
to diagnose insigPCa. This method may have led to an
overestimation of the diagnostic accuracy of the EC, and the
true value could therefore be even worse than would be expected
based on our results.

Because diagnostic accuracy of criteria designed to identify
insigPCa is limited when only a single biopsy is obtained,
confirmatory biopsy is recommended as a mandatory step
before AS strategy is determined (57). Recently, the ASIST
study demonstrated that performing an additional baseline
MRI before confirmatory biopsy significantly reduced the rate
of upgrading in surveillance biopsies (58). In recent years,
multiparametric MRI (mpMRI) has been applied to optimize
patient selection and monitoring in AS (59-63). MRI-targeted
biopsy showed that confirmatory biopsy did provide additional
value in detecting suspicious lesions (64). However, the latest
European Urologic Association (EUA) guidelines recommend
that men eligible for AS who were diagnosed based on combined
systematic and MRI-targeted biopsy do not need a confirmatory

biopsy (65). The Prostate Imaging Reporting and Data System
(PI-RADS) was established in 2012 (66) and updated in 2015
(v2) (67) and again more recently (v2.1) (68). This approach has
minimized the heterogeneity in DOR among different
institutions and provided useful supplementary information
that may be helpful in preventing incorrect assignment as AS
(47, 69). Novel biomarkers, such as PCA3, also urgently need to
be incorporated into AS criteria to improve diagnostic accuracy.

Meta-analyses of proportions tend to possess significant
heterogeneity (70, 71), and high heterogeneity was also found
in the meta-analysis of the individual DOR in this study. We
identified the region the study was conducted in (inside or
outside the US), the median duration of the study recruitment
period, sample size and central review of pathology as potential
sources of this heterogeneity. Even so, no publication bias was
found in either the NMA or the subsequent meta-analysis of the
DOR of the EC.

Institutions in the USA tended to have higher DOR for both
insigPCa (0.54 vs 0.40, P-value = 0.32) and favorable disease (0.73
vs 0.62, P-value = 0.013) than was found in those in other regions.
Due to a lack of sufficient data, we were unable to further validate
the differences between subgroups divided by region. We speculate
that the standard measurement of prostate volume (PV) and the
use of digital rectal examination (DRE) for clinical T stage in the
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USA may contribute to the better performance of those
institutions. PV was determined by a variety of methods in the
included studies, including transrectal ultrasonography (TRUS),
MRI, and CT scan or estimations based on RP specimens using
different formulas (e.g., length x width x height x 0.52, tumor area
x thickness of specimen x 1.1, weight or weight/1.1), and the PV
measurements are known to vary considerably according to the
method used (72). Indeed, significant inter-observer variation has
been identified in PV measurements obtained with TRUS, and
DRE used for PCa clinical staging (73, 74). A detailed and
standard operating procedure illustration for DRE and PV
measurements in the diagnosis of insigPCa are needed to
standardize the selection criteria.

Central pathology review would exclude interobserver
variability and eliminate variation in the use of the Gleason
score system, potentially improving the quality of the study—as
such, we set central pathology review (yes or no) as a potential
contributor to heterogeneity. However, no significant outcome
was detected for insigPCa or favorable disease (see
Supplementary Figures 12, 16). It has also been reported that
after the 2005 ISUP modification of the Gleason grading system
was introduced, the accuracy of the EC in predicting insigPCa
declined (75). In an attempt to validate this decline, we further
explored the effect of the median study recruitment duration on
the DOR as both a dummy variable (before or after 2005) and a
continuous variable, and the results showed there were no
significant differences in any variable types or endpoints.

To the best of our knowledge, this is the first NMA to pool
contemporary AS criteria together to assess their diagnostic
accuracies for insigPCa. While our findings should provide
both urologists and AS candidates with valuable information,
the present study does have some limitations. First and foremost,
we extracted only the positive predictive value (PPV) of each AS
criteria; because of our limited access to original data, we could
not evaluate negative predictive value, specificity or sensitivity;
hence, further studies that evaluate insignificant/significant PCa
diagnosed based on any AS criteria are needed. Second, because
the number of comparative arms was excessive (=5) in some of
the studies included in the NMA, we were unable to perform a
heterogeneity analysis of the NMA. Hence, the heterogeneity
assessment of the NMA was conducted using a pairwise meta-
analysis, revealing moderate heterogeneity. Third, high
heterogeneity was found in the meta-analysis of the DOR;
however, subgroup and meta-regression analyses found few
factors that could explain the heterogeneity. Forth, limited by
available studies, the favourable disease was only used as
endpoint in the meta-analysis of DOR of EC.

CONCLUSION

Among the seven contemporary AS criteria evaluated in this
study, the EC performed best in positively selecting patients with
insigPCa. While the pooled diagnostic accuracy of the EC for the
endpoint insigPCa was 0.44, DOR increased to 0.66 when a more
liberal endpoint, favorable disease, was used. High heterogeneity
was detected in the analysis of individual AS criteria, and

subgroup analysis showed that when the EC was used,
institutions located in the USA achieved better diagnostic
performance than was found for those located in other regions.
A further detailed standard operating procedure of screening
criteria application in AS is needed in worldwide practice.
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