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Simple Summary: Prostate cancer is one of the most common male cancers. A more accurate
disease assessment is needed to better stratify patients’ risks and guide treatment decisions. It
has already been studied that some prostate cancer submorphologies are associated with worse
outcomes. We performed a systematic review and meta-analysis on the impact of distinct prostate
cancer morphologies: the cribriform pattern and intraductal carcinoma on adverse pathological and
clinical outcomes after radical prostatectomy. Our results showed that the cribriform pattern together
with intraductal carcinoma are negative prognostic factors associated with both adverse clinical and
pathological outcomes in the radical prostatectomy cohort, and the presence of those patterns should
be implemented in the surgical planning and postoperative treatment guidance.

Abstract: The present study aimed to assess the association between the cribriform pattern (CP)/intraductal
carcinoma (IDC) and the adverse pathological and clinical outcomes in the radical prostatectomy (RP)
cohort. A systematic search was performed according to the Preferred Reporting Items for Systematic
Review and Meta-Analysis statement (PRISMA). The protocol from this review was registered on the
PROSPERO platform. We searched PubMed®, the Cochrane Library and EM-BASE® up to the 30th of
April 2022. The outcomes of interest were the extraprostatic extension (EPE), seminal vesicle invasion
(SVI), lymph node metastasis (LNS met), risk of biochemical recurrence (BCR), distant metastasis
(MET) and disease-specific death (DSD). As a result, we identified 16 studies with 164 296 patients. A
total of 13 studies containing 3254 RP patients were eligible for the meta-analysis. The CP/IDC was
associated with adverse outcomes, including EPE (pooled OR = 2.55, 95%CI 1.23-5.26), SVI (pooled
OR =4.27, 95%CI 1.90-9.64), LNs met (pooled OR = 6.47, 95%CI 3.76-11.14), BCR (pooled OR = 5.09,
95%CI 2.23-11.62) and MET/DSD (pooled OR = 9.84, 95%CI 2.75-35.20, p < 0.001). In conclusion,
the CP/IDC belong to highly malignant prostate cancer patterns which have a negative impact on
both the pathological and clinical outcomes. The presence of the CP/IDC should be included in the
surgical planning and postoperative treatment guidance.

Keywords: prostate cancer; cribriform pattern; intraductal carcinoma; meta-analysis; radical prosta-
tectomy

1. Introduction

Prostate cancer (PCa) is the second most common male malignancy worldwide [1]. The
introduction of the prostate-specific antigen (PSA) at the end of the 1980s has revolutionized
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both the diagnosis and the management of the disease. The subsequent years brought
a constant decline in prostate cancer-specific mortality in the US [2]. At the same time,
numbers of indolent PCa soared and resembled overdiagnosis. It was followed by overtreat-
ment. The mainstay therapy for localized PCa remains either a radical prostatectomy (RP)
or radiotherapy. Unfortunately, the two modalities are widely known to be associated
with significant morbidity. Therefore, the protocols of active surveillance (AS) aiming at
postponing the treatment were eagerly implemented across the world [3]. AS oncological
safety has been shown in many studies, and it has become the pivotal therapy of low-risk
disease. The success has encouraged a number of investigators to explore the role of AS in
intermediate-risk PCa and expand the indications above the lowest risk category. To avoid
harm, potential predictive markers of the AS outcome in this specific group of PCa patients
are currently under scrutiny. The major advantage of RP is the postoperative histopatho-
logical assessment that provides the highest possible accuracy of the staging and grading
of PCa. A detailed report embraces valuable information regarding a patient’s prognosis
which aids in postoperative clinical decision making. The pathological features in the RP
specimen that have a confirmed impact on the treatment outcome include the cancer grade
and stage, positive surgical margins (PSM), and lymph node metastasis (LNs met) [4-6]. In
addition to the prognosticators, there are other emerging pathological features that appear
to compromise the oncological outcomes. The 2014 International Society of Urological
Pathology Consensus Conference on the Gleason Grading of Prostatic Carcinoma stated
that the cribriform pattern (CP) should be considered part of the spectrum of the Gleason
Grade 4 pattern along with glomeruloid, fused and poorly formed glands [7]. Previous
studies indicate its association with the extraprostatic extension (EPE), PSM, biochemical
recurrence (BCR), distant metastasis (MET) and disease-specific death (DSD).

Another pathological PCa entity that may have a dismal prognosis is intraductal carci-
noma (IDC). In 2006, Guo and Epstein published the most commonly used morphological
description of IDC [8]. The WHO Classification of Prostatic Tumors in 2016, for the first
time, recognized IDC as a new entity and provided a detailed histopathological description
of it. [9]. The incidence of IDC in an RP specimen ranges from 20-40%, depending on the
tumor grade and stage [10,11]. The studies conducted so far associate the presence of IDC
with the Gleason pattern (GP) 4 and 5, a more advanced tumor stage, an increased risk of
BCR and shorter MET-free survival [12-17]. From a pathological point of view, IDC and the
CP show architectural similarities and, as a result, can sometimes be misinterpreted. It has
been confirmed that they might coexist in the same tumor [18,19]. Therefore, in equivocal
cases, additional immunohistochemical staining for basal cells is recommended. Despite
that, sometimes it is impossible to distinguish between the two patterns.

In the present study, we aimed to investigate the correlation of both the CP and IDC
with pathological as well as clinical outcomes by performing a systematic review and
meta-analysis of the published data.

2. Materials and Methods
2.1. Pathological Definition

In the present study, only articles with pathological assessment based on the 2005 or
2014 ISUP guidelines were analyzed. The 2005 ISUP guidelines recommended CP to be
graded as GP4 but allowed some cribriform glands to be included as GP3 [20]. Among
various changes that the 2014 ISUP conference brought to the pathological assessment of the
RP specimen, one of the most important was the recommendation to include all cribriform
glands as one of the GP4 spectrum morphologies [7]. However, until 2021, there was no
uniform definition of CP. Nonetheless, a study by Kweldam et al. [21] proved that CP had
good interobserver reproducibility among pathologists, unlike other Gleason 4 patterns,
such as ill-formed or fused glands. To further improve the pathological assessment of CP,
in 2021, ISUP provided consensus definition of CP. Currently, CP is defined as a confluent
sheet of contiguous malignant epithelial cells with multiple glandular lumina that are
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easily visible at low power. There should be no intervening stroma or mucin separating
individual or fused glandular structures [22].

In 2016, WHO recognized IDC as a new entity, not included in the Gleason classifica-
tion, and defined it as an intra-acinar and/or intraductal neoplastic epithelial proliferation
that has some features of high-grade prostatic intraepithelial neoplasia (HGPIN), exhibiting
much greater architectural and/or cytological atypia, typically associated with high-grade
and/or high-stage PCa [9]. The 2022 EAU Prostate Cancer Guidelines require reporting of
both patterns in prostate biopsy and RP specimens. These guidelines, however, do not spec-
ify whether immunohistochemical staining is demanded to distinguish those entities [3].
Even the absence of basal cells cannot be considered pathognomonic for invasive CP as
they may not be visible on a particular slide [18]. CP and IDC can morphologically mimic
each other and even belong to a pathological and biological continuum [23,24]. Kryvenko
et al. [25] found that the frequency of IDC was related to the proportion of CP. Kweldam
et al. [19] reported that CP and IDC tend to coexist in both biopsy and RP specimens.
Therefore, we decided to assess both entities CP and IDC together.

2.2. Evidence Acquisition

This systematic review and meta-analysis were conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guide-
lines [26]. The protocol was registered in PROSPERO (CRD42020183346). The research
question for this systematic review was established in the PICO (population, intervention,
comparison and outcomes) framework, which was as follows: What is the prognostic value
of PCa patterns: CP/IDC for clinical and pathological outcomes in men who underwent
radical prostatectomy?

2.3. Literature Search

A thorough literature search was conducted, PubMed®, the Cochrane Library and
EMBASE® databases, with the following keywords: (“prostatic neoplasms” OR “prostate
cancer” OR “pca” OR “prostate” OR “prostatic”) AND (“intraductal” OR “intraductal
cancer” OR “intraductal carcinoma” OR “IDC” OR “cribriform” OR “cribriforming”).
The search was restricted to English language publications and included every article
fulfilling the inclusion criteria from the inception of the databases until 30 April 2022. The
Mendeley Desktop version 1.19.4 citation manager was used to store records and remove
duplicates. For completeness, references to incorporated articles and review articles were
also extensively searched.

Two investigators (R.O. and M.K.) independently screened and assessed article eligi-
bility based on their titles and abstracts, adopting the PICO approach. Any disagreements
were resolved by discussion with a senior author (J.D.). Eligible were original studies
with a cohort of patients with PCa, whose initial treatment modality was RP (surgical
approach was not considered). Additional inclusion criteria were a comparison of adverse
pathological/clinical outcomes between PCa with and without CP/IDC.

Both investigators extracted data from full-text publications and cross-checked values.
In the case of multiple reports of the same cohort, the most complete data were selected.
We excluded articles not in English, reviews, editorials, case reports and animal or in vitro
studies. Additionally, references where CP/IDC was evaluated in a prostate biopsy, or
where data were not stratified, or the authors were not able to extract data by the presence
of CP/IDC, or the record did not provide data on prognosis/adverse outcome were also
excluded. The selection process is shown in Figure 1.
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Reports of included studies (n=1)
(n=10)

Figure 1. Literature search, screening and selection for inclusion in systematic review.; CP = cribriform
pattern; IDC = intraductal carcinoma.

2.4. Data Extraction

Data extracted from eligible studies and study characteristics are presented in Supple-
mentary Table S1. Despite direct e-mail contact with authors, it was not possible to obtain
more precise data from 3 studies [17,27,28]. The adverse outcomes reported in the analyzed
studies included EPE, SVI, LNs met, BCR, local recurrence (LR), clinical recurrence (CR),
MET, DSD, cancer-specific survival (CSS), overall survival (OS). The PSM as an outcome
measure was excluded from this systematic review and meta-analysis because it does
not necessarily confer non-organ-confined disease and may result from surgical flaws,
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postsurgical tissue handling or misinterpretation. Quantitative analysis was performed
wherever data for calculations were available.

2.5. Assessment of Study Quality

The assessment of the risk of bias in the studies included in the meta-analysis was
conducted with the Newcastle-Ottawa Quality Assessment Scale (NOS), which was de-
veloped to assess the risk of bias in observational studies [29]. We decided to dismiss the
response rate in the exposure domain in case-control studies as this subdomain was not
applicable to this article. Each study could receive a maximum of 8 stars for case-control
studies and 9 stars for cohort studies. Two investigators (R.O. and M.K.) independently
evaluated each article, any disagreement was discussed with and resolved by the third
senior investigator (J.D.). Observational comparative studies with scores of <4, 4-6 and >6
were considered, having a high, intermediate and low risk of bias, respectively. According
to the NOS, 11 studies were considered high quality and 2 were evaluated as intermediate
quality (Supplementary Tables S2 and S3).

2.6. Statistical Analysis

Statistical analyses were performed with the use of Review Manager software (RevMan
version 5.4 Cochrane, UK) and StatsDirect 3 link software (version 3.3.5; StatsDirect Ltd.
Wirral, UK). The strength of associations between CP/IDC and pathological as well as
clinical outcomes were analyzed by a calculation of the pooled odds ratios (OR) with
95% confidence interval (CI). The degree of heterogeneity between included studies was
estimated with the 12 test which describes the proportion of variance (from 0% to 100%).
The random effects method (DerSimonian—Laird; REM) was used to calculate the pooled
OR with the 95% CI. The obtained results were summarized in tables as well as illustrated
using forest plots. Potential publication bias was analyzed with Egger’s regression and
Begg’s rank correlation tests for all comparisons. In addition, sensitivity analyses were
made by sequential exclusion of each study to evaluate the stability and in turn reliability
of the results.

3. Evidence Synthesis
Characteristics of Included Studies

The article selection process was conducted according to the PRISMA statement, and
a total of 1798 references were identified. Of 16 studies included in the systematic review,
13 articles provided sufficient data for a quantitative evaluation. The studies included in
this systematic review were published between 2011 and 2020.

The systematic review encompassed 164,296 patients. The sample sizes varied signifi-
cantly among the studies, ranging from 28 to 159,777 participants. It is noteworthy that
cohorts from two studies partially overlapped, but the endpoint measures were different;
therefore, both studies were included and assessed separately [30,31]. The statistical analy-
sis was based on 3254 patients; of those, 1405 had the CP/IDC morphology (43%). All the
included studies were retrospective (16/16). Most of them were case-control studies (14/16),
two of which were designed as paired and nested paired case-control studies [25,32]. Addi-
tionally, there was one population-based study and one cohort study [13,33].

Eight studies focused on the CP [28,30-36], whereas five evaluated IDC [10,13,14,17,25].
Three studies allowed for a combined assessment of both patterns [27,37,38]. The patholog-
ical evaluation of resected specimens was conducted according to the ISUP 2005 criteria
in six studies [25,27,30-32,39]. The ISUP 2014 Consensus Conference Working Group
criteria were adopted by the authors of six studies [14,17,28,34,37,38]. In the study by
Kweldam et al. [36], the adopted histopathological criteria differed depending on the time
of the RP. Two articles did not include detailed information regarding a pathological as-
sessment [10,33]. In the study by Dinerman et al. [13], the data on the histopathological
evaluation were not provided.
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Two studies investigated the large (LC)/expansile CP (EC) [27,33]. According to the
2021 WHO recommendation, the CP should be reported without subtypes. Therefore, we
considered the LC as the CP. Luo et al. [28] focused on invasive cribriform lesions (ICLs),
which we also included as the CP. In the studies which focused on IDC, this pattern was
defined using the Guo and Epstein criteria in four studies [14,25,27,38]. Kato et al. [17]
adopted the McNeal and Yemoto definition of IDC. Miyai et al. [10] defined IDC as one
or both of the following patterns: (1) solid or dense cribriform (less than 50% lumen in a
duct) intraductal lesions or (2) loose cribriform (50% and more than 50% lumen in a duct)
or micropapillary intraductal lesions with prominent nuclear pleomorphism (nuclear size
greater than 6 normal) and/or non-focal comedonecrosis. In the study by Hollemans
et al. [37], IDC was identified if the cribriform structures were clearly continuous with
the pre-existing glands lined by normal basal epithelium or containing corpora amylacea.
The presence or absence of the CP/IDC in the evaluated specimen was reassessed by
at least two specialized genitourinary pathologists in 62.5% of the studies (10/16). Luo
et al. [28] stated only that the slides were reviewed for the purpose of the study. In two
other studies, the diagnosis of the CP/IDC was extracted from pathology reports [10,33].
In the remaining articles, this information was either not disclosed or there was a single
reviewer [17,30]. Dinerman et al. [13] extracted data on the presence of IDC from the
SEER database. In equivocal cases, the authors of nine papers used immunohistochemical
staining (IHC) to distinguish IDC from the CP or HGPIN [10,14,27,28,30,31,36-38], whereas
the authors of three papers relied solely on the cancer cell morphology [32-34]. In four
articles, the information regarding the use of immunohistochemical staining was not
disclosed [13,17,25,39].

The median follow-up period in the studies that assessed the BCR varied significantly
from 360.5 days to 130.6 months. For the MET or DSD, the median follow-up duration also
differed across the studies and ranged from 20 to 120 months. The BCR definitions varied
among the studies with a serum PSA level > 0.2 ng/mL being the most commonly used
threshold (6/9) [10,32-34,37,38]. In two studies, the BCR was defined as a PSA > 0.1 ng/mL
(2/9) [28,31], and in one case, the definition differed depending on the period of the sample
and data collection [39]. Although Kweldam et al. [36] in their study investigated the BCR,
the presented data were insulfficient for a quantitative analysis. The LR was investigated by
two authors [14,28]. Both authors assessed either the CP or IDC in RP specimens. Trinh
et al. [14] defined the LR as a peri-prostatic involvement after surgery as confirmed by
imaging, biopsy and/or suspect results from a digital rectal examination (DRE), followed
by exclusive radiotherapy to the prostatic bed leading to a serum PSA-level reduction
without concurrent hormone therapy. Luo et al. [28] did not elaborate on the LR definition.

MET was also diagnosed differently. In the studies by Kweldam et al. and Trinh et al.,
the diagnosis of MET required either radiological or pathological confirmation [14,36]. Dong
et al. relied only on imaging and Hollemans et al. either on a biopsy or multidisciplinary
consensus [37,39]. In one study, the diagnostic criteria for MET were not defined [28].
None of the authors included information regarding the imaging modality used for the
confirmation of metastatic spread.

Two studies provided additional value for this systematic review. Luo et al. [28]
conducted a systematic review and meta-analysis on the impact of the CP in prostate
biopsy/RP specimens on adverse outcomes. The studies included in the analysis by
Luo and the current systematic review had some overlap, but the addition of articles
evaluating IDC in the RP cohort extended the scope of the current study (see Discussion).
Greenland et al. [33] assessed the DECIPHER score in case it was either positive for the CP
or the glomerulation pattern. The DECIPHER assay was developed to predict the risk of
metastases within 5 years after a prostatectomy and measures the expression levels of the
RNA of 22 genes in the radical prostatectomy specimen. A DECIPHER score < 0.45 was
interpreted as low risk, 0.45-0.6 corresponded to average risk and > 0.6 was assessed as high
risk. The authors of that study emphasize that the assay was performed at the discretion
of the treating physician, and patients with negative pathological risk factors were more
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likely to undergo genetic testing. Nonetheless, CP-positive patients were characterized by
higher mean DECIPHER scores than patients with glomerulation patterns (0.61 vs. 0.47;
p=0.02;SD =0.18, 0.17).

Studies by Dinerman et al., Kato et al. and Trudel et al. were qualitatively assessed in
the systematic review, but because of either different study concepts or a lack of detailed
statistical data, they were disqualified from the meta-analysis (see Discussion) [13,17,27].

4. Results
4.1. Correlation between EPE and CP/IDC

The correlation between the EPE and CP/IDC was analyzed in eight studies, with a
total number of 903 patients with CP/IDC and 1285 without CP/IDC. Significant hetero-
geneity was observed between the studies (12 89%). The random effect models analysis re-
vealed that the EPE was significantly more common in patients with than without CP/IDC
(41.3% vs. 17.7%, respectively: pooled OR = 2.55 95%CI 1.23-5.26, p = 0.01) (Figure 2).

CPIDC (+) CPIDC {-) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Dong et al. (2013) 36 164 14 TE 131% 1.24 [0.62, 2.46] -
Greenland etal. ( 2020) 27 A2 24 58 128% 1.83[0.72, 3.29) I
Hollemans et al. {2020} 90 228 B3 192 142% 1.34[0.89, 2.00] T
Kiveldam et al. (2014) 43 a3 43 78 13.4% 0838047, 1.63) =
Luo etal. (2019) 16 an 4 15 1045% 6,83 [2.05, 22.82] —
Mivai etal. (2014) A5 144 61 746 141% 811 .37, 12.29] —_
Sarhay etal. (2014) 42 114 4 moo11.2% 09,49 [3.23, 27.91] —
Trinh et al. {2018} a4 liti] 14 20 10.8% 210[0.66, 6.68) I e —
Total {(95% CI) 903 1285 100.0% 2.55[1.23, 5.26] R
Total events ar3 227
Heterogeneity: Tau®= 0.93; Chi*= G597, df=7 (P = 0.000013; IF= 89% F f t |
. 0o 0.1 10 100
Test for overall effect £=2.92 (P =001} Without CPADC  With CPIDC

Figure 2. Forest plot of odds ratios (ORs) in the studies analyzing the relationship between EPE
and CP/IDC [10,14,28,30,33,36,37,39]. M.-H. = Mantel-Haenszel; CI = confidence interval; I? =
heterogeneity; df = degrees of freedom; EPE = extraprostatic extension; CP = cribriform pattern; IDC
= intraductal carcinoma. Each blue square in Figure 2 represents an effect size of a study and the area
of the square represents the magnitude of a related study in the effect size. The lines on either side of
the squares indicate the lower and upper limits in a 95%CI of the calculated effect sizes. The black
rhombus at the bottom of the plot shows the calculated overall effect size.

4.2. Correlation between SVI and CP/IDC

The authors of seven studies presented information regarding the relationship between
SVI and the CP/IDC. In this meta-analysis, there were 788 patients with CP/IDC and
1215 without CP/IDC, respectively. SVI was significantly more common in patients with
CP/IDC than without (19.9% vs. 4.9%), respectively, which resulted in a pooled OR = 4.27
(95%CI1.90-9.64, p < 0.001) (Figure 3).

4.3. Correlation between LNs met and CP/IDC
Seven studies provided data for the analysis of the LNs met in correlation with the
CP/ICD, with a total of 639 patients with CP/IDC and 1217 patients without CP/IDC.

The LNs met were significantly more prevalent in patients positive for CP/IDC (21.6% vs.
5.8%), with a pooled OR = 6.47 (95%CI 3.76-11.14, p < 0.001) (Figure 4).
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CPADC (+) CPIDC {-) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Dong et al. (2013) 11 165 ] TE 151% 1.01[0.34,3.03]
Greenland etal. { 2020) i a2 2 a8 11.2% 365 [0.70,18.96] —
Hollemans et al. (2020} 8 218 f 182 16.0% .24 [1.98 13.84] e —
kweldam et al. {2014) 26 a3 17 TEO178% 1.64 [0.80, 3.33] T
Luo etal. (2019 14 40 1 45 8.8%  23.69[294 180.7E] e —
Mivai et al. (2014) 42 1585 28 T4 191% .53 [5.68, 15.95] —
Trinh et al. (2018) a0 65 2 20 11.9% T.71[1.65, 35.95] -
Total (95% CI) 788 1215 100.0% 4,27 [1.90, 9.64] il
Total events 157 60
Heterogeneity: Tau®=0.83; Chi*= 26.08, df=6 (P = 0.0002; F=77% :D o 051 150 1DD:
Testfor overall effect: 2= 3.0 (P = 0.0005) ’ ,_ﬁ_r-ith'out CPIDC  With CRIDC

Figure 3. Forest plot of odds ratios (ORs) in the studies analyzing the relation between SVI and
CP/IDC [10,14,28,33,33,36,37,39]. M.-H. = Mantel-Haenszel; CI = confidence interval; I? = hetero-
geneity; df = degrees of freedom; SVI = seminal vesicle invasion; CP = cribriform pattern; IDC =
intraductal carcinoma. Each blue square in Figure 3 represents an effect size of a study and the area
of the square represents the magnitude of a related study in the effect size. The lines on either side of
the squares indicate the lower and upper limits in a 95%CI of the calculated effect sizes. The black
rhombus at the bottom of the plot shows the calculated overall effect size.

CPIDC (+) CPIADC (-) Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Greenland etal. (2020} i 52 I A8 33%  13.55[0.73, 251.29] »
Haollemans et al. (2020} 12 150 I 91 3.8%  16.52 047,282 41] *
Krewenkao et al. (2013) 78 116 62 186 49.7% 411 [2.51,6.73] —
Kweeldam et al. (2014) 11 a3 2 T8 10.8% 5.81[1.24,27.10] e —
Lua etal (2019) 7 40 I 45 34% 20037 [1.12, 3649.26] >
Miai et al. (2014) 16 155 6 746 23.4% 14,20 [5.46, 36.91] —
Trinh etal. (2018 9 43 1 13 58% 318 [0.36, 27.77] —
Total (95% CI) 639 1217 100.0% 6.47 [3.76, 11.14] L
Total events 138 71
Heterngeneity: Tau®= 0.09; Chi*=7.13, df= 6 (P = 0.31); F= 16% f t t |

. 0.01 0.1 10 100
Test for overall effect: £=6.74 (F = 0.00001) Without CPADC  With CPADC

Figure 4. Forest plot of odds ratios (ORs) in the studies analyzing the relation between LNs met and
CP/ICD [10,14,25,28,33,36,37]. M.-H. = Mantel-Haenszel; CI = confidence interval; 12 = heterogeneity;
df = degrees of freedom; LNs met = lymph node metastasis; CP = cribriform pattern; IDC = intraductal
carcinoma. Each blue square in Figure 4 represents an effect size of a study and the area of the square
represents the magnitude of a related study in the effect size. The lines on either side of the squares
indicate the lower and upper limits in a 95%CI of the calculated effect sizes. The black rhombus at
the bottom of the plot shows the calculated overall effect size.

4.4. Correlation between BCR and CP/IDC

Nine studies analyzed the association between the BCR and CP/IDC. The total number
of patients with CP/IDC was 1023 and there were 1498 cases without CP/IDC. The random
effect models analysis showed that the BCR was significantly more frequent in individuals
positive for CP/IDC (32.2% vs. 8.0%), with a pooled OR = 5.09 (95%CI 2.23-11.62, p < 0.001)
(Figure 5).

4.5. Correlation between MET/DSD and CP/IDC

MET/DSD as an adverse outcome was analyzed in five studies, with a total number
of 581 positive for CP/IDC and 411 without CP/IDC. The random effect models analysis
revealed that MET/DSD was also significantly more common in patients with CP/IDC
(23.4% vs. 2.9%), which resulted in a pooled OR = 9.84 (95%CI 2.75-35.20, p < 0.001)
(Figure 6).
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Figure 5. Forest plot of odds ratios (ORs) in the studies analyzing the relation between BCR and
CP/ICD [10,28,31-34,37-39]. M.-H. = Mantel-Haenszel; CI = confidence interval; I = heterogeneity;
df = degrees of freedom; BCR = biochemical recurrence; CP = cribriform pattern; IDC = intraductal
carcinoma. Each blue square in Figure 5 represents an effect size of a study and the area of the square
represents the magnitude of a related study in the effect size. The lines on either side of the squares
indicate the lower and upper limits in a 95%CI of the calculated effect sizes. The black rhombus at
the bottom of the plot shows the calculated overall effect size.

CPIDC (+) CPIDC {-) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 6. Forest plot of odds ratios (ORs) in the studies analyzing the relation between MET/DSD
and CP/IDC [14,28,36,37,39]. M.-H. = Mantel-Haenszel; CI = confidence interval; IZ = heterogeneity;
df = degrees of freedom; MET = distant metastasis; DSD = disease-specific death; CP = cribriform
pattern; IDC = intraductal carcinoma. Each blue square in Figure 6 represents an effect size of a study
and the area of the square represents the magnitude of a related study in the effect size. The lines on
either side of the squares indicate the lower and upper limits in a 95%CI of the calculated effect sizes.
The black rhombus at the bottom of the plot shows the calculated overall effect size.

In the sensitivity analysis, no changes in the OR value were demonstrated in all the
performed comparisons after excluding the subsequent studies. Therefore, the above-
described analyses were considered stable and reliable.

4.6. Publication Bias

The publication bias tests indicated that there is no publication bias in the studies on
the relationship between the EPE, SVI, LNs met, BCR, MET/DSD and CP/IDC. The exact
results of Egger’s regression and Begg’s rank correlation tests, i.e., the intercept with a
95%CI and Kendall’s tau are shown in Supplementary Table S4. In addition, the publication
bias was evaluated visually with the inspection of funnel plots, which were eventually
found to be symmetric (Figure 7).
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Figure 7. Funnel plots of the correlation between extraprostatic extension (A); seminal vesicle
invasion (B); lymph node metastasis (C); biochemical recurrence (D); distant metastasis/disease-
specific death (E) and cribriform pattern/intraductal carcinoma in the studies included. Each circle
represents a study included in the analysis.

5. Discussion

We performed this systematic review and meta-analysis to investigate the impact of
the CP/IDC on the adverse pathological and clinical outcomes after an RP. To the best of our
knowledge, this is the first study to systematically and quantitively assess the prognostic
factors of CP/IDC in the RP cohort. The results of this study indicate a relationship between
the CP/IDC and unfavorable prognostic factors, such as the advanced stage of the disease,
BCR, MET and DSD.

The aim of a radical prostatectomy is to remove the whole prostatic gland, seminal
vesicles and distal part of the vas deferens with the adjacent periprostatic tissue in select
cases to ensure the best oncological outcome. Proper surgical planning includes neurovas-
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cular bundle (NVB)-sparing techniques in order to restore continence and erectile function
after surgery [40]. To date, no recommendations have been released regarding the extent
of the surgery in cases with CP/IDC morphology. The results of the meta-analysis clearly
indicate a close relationship between the EPE/SVI and CP/IDC (OR = 2.55 and OR =4.27,
respectively). Although we decided to exclude the PSM from this systematic review and
meta-analysis, as explained earlier, the PSM has an added value with regard to an oncologi-
cal prognosis. The articles included in the systematic review reported inconclusive results
on the association between the CP/IDC and PSM. According to Sarbay et al. [30], GG1
cases with a CP have been found to have a much higher incidence of PSM (23.1% vs. 5.1%,
p < 0.011), but no such correlation was observed in patients with GG2 and 3 PCa (p < 0.331).
Dong et al. [39] and Kweldam et al. [36] also did not report an association between the
CP and PSM. However, in two other studies, PSMs were more commonly found after an
RP in the presence of the CP [34,37]. PSMs in the presence of IDC were also investigated.
In a retrospective population-based analysis, the PSM was found to be more commonly
encountered in the presence of IDC (25.6% vs. 19.5%, p = 0.02) [13]. According to Trinh
et al. [14], there was not any significant correlation between IDC and the PSM. Contrary to
our results, Flammia et al. [41] found no correlation between the CP and the local disease
stage, the SM in GG 2-5 RP patients. The EAU recommends offering NVB-sparing surgery
to patients with a low risk of EPE, which is, among other factors, based on the GG [3]. GP 4
itself does not exclude the NVB-sparing approach, but those guidelines do not take into
consideration the GP4 submorphologies or IDC. The results of our meta-analysis indicate a
higher prevalence of both the EPE and SVI in CP/IDC cases. Therefore, in the presence of
the CP/IDC, intrafascial NVB preservation may pose a risk of a PSM.

We also identified the CP/IDC in the radical RP as being associated with LNs met.
These results are consistent with our previous study, which investigated the clinical impor-
tance of the CP in a prostate biopsy [42]. Nodal metastases, especially in greater numbers,
are a known negative prognostic factor associated with a worse BCR-free survival, MET-
free and OS [43-47]. Unfortunately, the included studies did not provide detailed data on
the extent of the LN dissection (LND) and the number of dissected LNs, which made it
impossible to draw meaningful conclusions regarding the true significance of the LNs met
in the presence of the CP/IDC. At the same time, especially extending the LND during
an RP provides more tissue for a histopathological analysis. Detailed information on the
disease stage may help guide the adjuvant treatment. The extent of the LND and the role
of adjuvant therapy in the presence of the CP/IDC and other postprostatectomy negative
prognostic factors have yet not been fully understood.

The results of our meta-analysis clearly indicate the negative impact of the CP/IDC
on the long-term oncological outcomes such as the BCR, MET and DSD and are consistent
with the results presented in the literature [12,35,36]. Moreover, a meta-analysis by Luo
et al. [28] also revealed the negative impact of the CP on the BCR, MET and DSD, which
is understandable as the articles included by Luo et al. partially overlapped with those
evaluated in our study. However, a study by Flammia et al. [41] showed that no association
between the CP and BCR was found in the GG 2-5 subjected to an RP with a median
follow-up of 22 months. A comprehensive systematic review and meta-analysis conducted
by Miura et al. [12] on the clinical importance of IDC in localized and advanced PCa
showed that in the case of localized PCa, the presence of IDC in either a biopsy or radical
prostatectomy specimen was associated with worse BCR-free survival (pooled HR 2.09) and
CSS ((pooled HR = 2.93). Additionally, there was a correlation between IDC and shorter OS
in advanced PCa (pooled HR = 2.93). Dinerman et al. [13] found a 3-fold higher risk for
DSD in the presence of IDC but reported no association between IDC and OS. BCR-free
survival in more than 1000 RP patients was significantly worse in any ISUP with IDC than
without in a study by Kato et al. Moreover, GG2 men with IDC had a prognosis similar to
GG4 or GGS5 patients without this morphology [17]. Trudel et al. [27], who investigated
the BCR-free rate, concluded that in the presence of LC/IDC, the BCR occurred more
commonly, and again, any GG without LC/IDC had a better prognosis. In a subgroup



Cancers 2023, 15, 1372

12 of 16

analysis, Kaplan-Mayer curves for the BCR-free survival were similar in men with LC and
in men with LC/IDC. IDC as an isolated morphology was, on the other hand, associated
with worse outcomes. Nonetheless, the authors highlighted that isolated IDC was present
in only 10 men and this cohort was too small to draw meaningful conclusions [27]. Trinh
et al. [48] investigated the effect of adjuvant radiotherapy (ART) on the BCR in patients
with IDC and found that the worst BCR-free survival was in men positive for IDC, who
did not undergo ART (log-rank p = 0.023).

AS oncological safety has been shown in many studies. As a result, it has become
the pivotal therapy of low-risk disease, acknowledged by many international and national
urological associations [3,49]. The success has encouraged a number of investigators to
explore the role of AS in intermediate-risk PCa and expand the indications above the lowest
risk category. Decisions regarding AS are made based on the results of a prostate biopsy.
This systematic review and meta-analysis refers to the RP histopathological assessment
which is more detailed and provides the most accurate evaluation of the disease stage
and grade. In our study, CP/IDC emerge as negative prognosticators in terms of both
pathological and clinical outcomes after an RP. Considering our results, the negative impact
of the CP/IDC should be discussed with every patient qualified for AS. This statement is
supported by international urological associations. The current EAU guidelines allow AS in
highly selected GG2 cases (<10% GP4, PSA< 10 ng/mL, cT2a); the identification of CP/IDC
in a biopsy sample is considered as an absolute contraindication for this type of deferred
treatment [3]. Similarly, the PCa guidelines provided by the America Urological Association
(AUA) recognize CP/IDC in intermediate-risk patients as unfavorable characteristics and
therefore do not recommend AS in those cases [49]

Several factors could not be included in the meta-analysis due to insufficient data. In
the systematic review by Luo et al. [28], we found that the risk of LR is more than twice
as high in patients with the CP (OR 2.32). Trinh et al. [14] showed that IDC was linked to
distant metastasis (mainly bone metastases) as the initial site of the CR on both univariate
and multivariate analyses (OR = 6.27), but surprisingly, the time to the CR and CSS was not
significantly different between men with and without IDC. A subgroup analysis revealed
that radiotherapy (adjuvant or salvage) was superior to pre-RP ADT in respect to the CSS
in men with IDC (170 months, 95%CI (124-215) vs. 159 months, 95%CI (122-196)). That
was one of the first studies to highlight the detailed evaluation of a pathological specimen
and IDC detection in terms of post-RP management. A single study included in this meta-
analysis evaluating the impact of the CP on the OS found the OS in GS7 (includes both GG
2 and 3) men with CP to be shorter (log-rank p = 0.001) [36].

The malignant potential and basis for the joint assessment of CP/IDC are reflected
in the genomic and epigenetic alternation observed in these histopathological patterns.
Elevated SChLAP1 expression and well as genomic instability were found in PCa with
CP/IDC [50]. Mehra et al. [51,52] indicated that increased SChLAP1 expression was
associated with a higher risk of BCR, DSD and MET. Based on the whole slide images
of the TGGA database and dataset from CPCGN, Bottcher et al. [53] found that IDC
and the CP were associated with an increased genomic instability that affected specific
regions: the chromosomal deletions of 3p13, 6q15, 8p21-23, 10g23, 13q14 16q21-24 and
18g21-23, and the amplification of chromosome 8q24. Those regions are known to be
involved in aggressive PCa, for example, the BRCA 2 gene is located on the long arm of
chromosome 13. In CP/IDC-positive cases, genomic alternations also affect the epigenetic
profile. Olkhow-Mitsel et al. [54] reported that CP/IDC cases were characterized by DNA
hypermethylation in the APC, RASSF1 and TBX15 genes. Hypermethylation in those
genes has already been linked to more aggressive PCa [55]. The authors also suggested
the utilization of methylation profiles in those genes as a marker of CP/IDC [54]. In a
study by Taylor et al. [56], who investigated the correlation between the CP and IDC with
the DECIPHER genomic classifier, found that the predominance of CP in RP specimens
significantly increased the DECIPHER score. IDC was non-significantly associated with
an increased score (OR 1.92 p = 0.24). On the other hand, the presence of CP/IDC did not
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reach statistical significance in terms of high-risk categorization (OR = 4.53, p = 0.08), which
could be due to the small sample size (11 men) [56]. In a study by Risbridger et al. [57],
which investigated patients-derived xenografts, BRCA 2 germline mutations were more
common in IDC-positive men with localized PCa. In contrast to those results, Lozano
et al. [58] found no association between the germline BRCA 2 mutations and CP/IDC
morphology. In the same study, however, the bi-allelic BRCA2 loss in primary PCa was
significantly correlated with the CP and IDC. The authors, therefore, advised against the
routine germline BRCAZ2 testing in the presence of CP/IDC but felt that further research
was needed to investigate the relevance of CP/IDC as a marker of the bi-allelic BRCA2 loss
in primary PCa.

The present study has several limitations. The key one is the different diagnostic crite-
ria applied by authors for the identification of CP/IDC. Various definitions of IDC used by
authors and high interobserver variation in the identification of IDC might have contributed
to its under- or overdiagnosis in the selected articles. Additionally, the histopathological
evaluation of the RP specimens was conducted according to either the ISUP 2005 or 2014
diagnostic criteria. Therefore, the true prevalence of CP/IDC might differ from what was
reported. Moreover, the definitions of BCR and MET varied across the studies, which in
turn might have had an influence on the presented results. Our conclusion to exclude pa-
tients with CP/IDC from the AS is based on studies in which the RP specimen was assessed
and not the prostate biopsy. Nonetheless, this attitude is supported by international uro-
logical associations. Although a statistical analysis revealed that CP/IDC compromise the
long-term oncological outcome in the RP cohort, an analysis of the impact of radiotherapy
on patients with CP/IDC might contribute meaningful insight into the prognosis in the
setting of different radical treatment modalities.

6. Conclusions

The CP and IDC should be considered as highly aggressive histopathological mor-
phologies of the prostatic adenocarcinoma, which have a negative impact on both the
pathological and oncological outcomes. The presence of CP/IDC should be taken into
account in the planning of surgery and proper postoperative counselling. In intermediate-
risk patients with either of the two entities, a detailed explanation of their higher malignant
potential is required and AS should be discouraged, in line with international urologi-
cal guidelines.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15051372/s1, Table S1: Characteristics of included studies;
Table S2: Risk of bias case- control studies; Table S3: Risk of bias cohort study; Table S4: The results of
Egger’s and Begg's tests.

Author Contributions: Conceptualization, R.O. and M.K.; methodology, R.O. and M.K; statistical
analysis and manuscript preparation, B.S.-H.; software, B.S.-H.; writing—original draft preparation,
R.O.; writing—review and editing, M.K. and M.P,; supervision, ].D. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 17-48. [CrossRef]

EAU Guidelines. In Proceedings of the EAU Annual Congress Amsterdam, Washington, DC, USA, 15-18 May 2022; ISBN
978-94-92671-16-5.


https://www.mdpi.com/article/10.3390/cancers15051372/s1
https://www.mdpi.com/article/10.3390/cancers15051372/s1
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.3322/caac.21763

Cancers 2023, 15, 1372 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Epstein, ].I; Amin, M.; Boccon-Gibod, L.; Egevad, L.; Humphrey, P.A.; Mikuz, G.; Newling, D.; Nilsson, S.; Sakr, W.; Srigley, ] R.;
et al. Prognostic factors and reporting of prostate carcinoma in radical prostatectomy and pelvic lymphadenectomy specimens.
Scand. ]. Urol. Nephrol. Suppl. 2005, 39, 34—63. [CrossRef] [PubMed]

Swanson, G.P,; Basler, ].W. Prognostic Factors for Failure after Prostatectomy. J. Cancer 2011, 2, 1-19. [CrossRef]

Buhmeida, A.; Pyrhonen, S.; Laato, M.; Collan, Y. Prognostic factors in prostate cancer. Diagn. Pathol. 2006, 1, 4. [CrossRef]
[PubMed]

Epstein, ].I; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, J.R.; Humphrey, P.A.; Grading Committee. 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. |. Surg. Pathol. 2016, 40, 244-252. [CrossRef]

Guo, C.C.; Epstein, ].I. Intraductal carcinoma of the prostate on needle biopsy: Histologic features and clinical significance. Mod.
Pathol. 2006, 19, 1528-1535. [CrossRef]

Humphrey, P.A.; Moch, H.; Cubilla, A.L.; Ulbright, T.M.; Reuter, V.E. The 2016 WHO Classification of Tumours of the Urinary
System and Male Genital Organs-Part B: Prostate and Bladder Tumours. Eur. Urol. 2016, 70, 106-119. [CrossRef]

Miyai, K.; Divatia, M.K,; Shen, S.S.; Miles, B.].; Ayala, A.G.; Ro, ].Y. Clinicopathological analysis of intraductal proliferative lesions
of prostate: Intraductal carcinoma of prostate, high-grade prostatic intraepithelial neoplasia, and atypical cribriform lesion. Hum.
Pathol. 2014, 45, 1572-1581. [CrossRef]

McNeal, J.E.; Yemoto, C.E.M. Spread of Adenocarcinoma Within Prostatic Ducts and Acini. Am. J. Surg. Pathol. 1996, 20, 802-814.
[CrossRef]

Miura, N.; Mori, K.; Mostafaei, H.; Quhal, F; Motlagh, R.S.; Pradere, B.; Laukhtina, E.; D’Andrea, D.; Saika, T.; Shariat, S.F. The
Prognostic Impact of Intraductal Carcinoma of the Prostate: A Systematic Review and Meta-Analysis. J. Urol. 2020, 204, 909-917.
[CrossRef] [PubMed]

Dinerman, B.F,; Khani, F; Golan, R.; Bernstein, A.N.; Cosiano, M.E.; Margolis, D.J.; Hu, J.C. Population-based study of the
incidence and survival for intraductal carcinoma of the prostate. Urol. Oncol. 2017, 35, 673.9-673.e14. [CrossRef] [PubMed]
Trinh, V.Q.; Sirois, J.; Benzerdjeb, N.; Mansoori, B.K.; Grosset, A.A.; Albadine, R.; Latour, M.; Mes-Masson, A.M.; Hovington, H.;
Bergeron, A.; et al. The impact of intraductal carcinoma of the prostate on the site and timing of recurrence and cancer-specific
survival. Prostate 2018, 78, 697-706. [CrossRef]

Robinson, B.D.; Epstein, J.I. Intraductal carcinoma of the prostate without invasive carcinoma on needle biopsy: Emphasis on
radical prostatectomy findings. J. Urol. 2010, 184, 1328-1333. [CrossRef]

Watts, K.; Li, J.; Magi-Galluzzi, C.; Zhou, M. Incidence and clinicopathological characteristics of intraductal carcinoma detected in
prostate biopsies: A prospective cohort study. Histopathology 2013, 63, 574-579. [CrossRef] [PubMed]

Kato, M.; Hirakawa, A.; Kobayashi, Y.M.; Yamamoto, A.; Ishida, R.; Sano, T.; Kimura, T.; Majima, T.; Ishida, S.; Funahashi, Y.;
et al. The influence of the presence of intraductal carcinoma of the prostate on the grade group system’s prognostic performance.
Prostate 2019, 79, 1065-1070. [CrossRef] [PubMed]

Kweldam, C.F,; van der Kwast, T.; van Leenders, G.J. On cribriform prostate cancer. Transl. Androl. Urol. 2018, 7, 145-154.
[CrossRef]

Kweldam, C.; Kiimmerlin, I.; Nieboer, D.; Verhoef, E.; Steyerberg, E.; van der Kwast, T.; Roobol, M.; van Leenders, G. Disease-
specific survival of patients with invasive cribriform and intraductal prostate cancer at diagnostic biopsy. Mod. Pathol. 2016, 29,
630-636. [CrossRef]

Epstein, J.I; Allsbrook, W.C., Jr.; Amin, M.B.; Egevad, L.L.; ISUP Grading Committee. The 2005 International Society of Urological
Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am. J. Surg. Pathol. 2005, 29, 1228-1242.
[CrossRef]

Kweldam, C.F,; Nieboer, D.; Algaba, F.; Amin, M.B.; Berney, D.M.; Billis, A.; Bostwick, D.G.; Bubendorf, L.; Cheng, L.;
Compérat, E.; et al. Gleason grade 4 prostate adenocarcinoma patterns: An interobserver agreement study among genitourinary
pathologists. Histopathology 2016, 69, 441-449. [CrossRef]

van der Kwast, T.H.; van Leenders, G.J.; Berney, D.M.; Delahunt, B.; Evans, A.].; Iczkowski, K.A.; McKenney, ].K.; Ro, J.Y,;
Samaratunga, H.; Srigley, ].R.; et al. ISUP Consensus Definition of Cribriform Pattern Prostate Cancer. Am. J. Surg. Pathol. 2021,
45,1118-1126. [CrossRef]

Haffner, M.C.; Weier, C.; Xu, M.M.; Vaghasia, A.; Giirel, B.; Glimtiskaya, B.; Esopi, D.M.; Fedor, H.; Tan, H.L.; Kulac, I.; et al.
Molecular evidence that invasive adenocarcinoma can mimic prostatic intraepithelial neoplasia (PIN) and intraductal carcinoma
through retrograde glandular colonization. J. Pathol. 2016, 238, 31—41. [CrossRef]

Cohen, R.J.; Wheeler, T.M.; Bonkhoff, H.; Rubin, M.A. A proposal on the identification, histologic reporting, and implications of
intraductal prostatic carcinoma. Arch. Pathol. Lab. Med. 2007, 131, 1103-1109. [CrossRef]

Kryvenko, O.N.; Gupta, N.S.; Virani, N.; Schultz, D.; Gomez, J.; Amin, A.; Lane, Z.; Epstein, ].I. Gleason score 7 adenocarcinoma
of the prostate with lymph node metastases: Analysis of 184 radical prostatectomy specimens. Arch. Pathol. Lab. Med. 2013, 137,
610-617. [CrossRef]

Page, M.].; McKenzie, ].E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A; Brennan, SE,;
et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. PLoS Med. 2021, 18, €1003583. [CrossRef]
[PubMed]


http://doi.org/10.1080/03008880510030932
http://www.ncbi.nlm.nih.gov/pubmed/16019758
http://doi.org/10.7150/jca.2.1
http://doi.org/10.1186/1746-1596-1-4
http://www.ncbi.nlm.nih.gov/pubmed/16759347
http://doi.org/10.1097/PAS.0000000000000530
http://doi.org/10.1038/modpathol.3800702
http://doi.org/10.1016/j.eururo.2016.02.028
http://doi.org/10.1016/j.humpath.2014.03.011
http://doi.org/10.1097/00000478-199607000-00003
http://doi.org/10.1097/JU.0000000000001290
http://www.ncbi.nlm.nih.gov/pubmed/32698712
http://doi.org/10.1016/j.urolonc.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/28919182
http://doi.org/10.1002/pros.23513
http://doi.org/10.1016/j.juro.2010.06.017
http://doi.org/10.1111/his.12198
http://www.ncbi.nlm.nih.gov/pubmed/23931616
http://doi.org/10.1002/pros.23818
http://www.ncbi.nlm.nih.gov/pubmed/31025722
http://doi.org/10.21037/tau.2017.12.33
http://doi.org/10.1038/modpathol.2016.49
http://doi.org/10.1097/01.pas.0000173646.99337.b1
http://doi.org/10.1111/his.12976
http://doi.org/10.1097/PAS.0000000000001728
http://doi.org/10.1002/path.4628
http://doi.org/10.5858/2007-131-1103-APOTIH
http://doi.org/10.5858/arpa.2012-0128-OA
http://doi.org/10.1371/journal.pmed.1003583
http://www.ncbi.nlm.nih.gov/pubmed/33780438

Cancers 2023, 15, 1372 15 of 16

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Trudel, D.; Downes, M.R.; Sykes, J.; Kron, K.J.; Trachtenberg, J.; van der Kwast, T.H. Prognostic impact of intraductal carcinoma
and large cribriform carcinoma architecture after prostatectomy in a contemporary cohort. Eur. J. Cancer 2014, 50, 1610-1616.
[CrossRef] [PubMed]

Luo, X.; Khurana, J.S.; Jhala, N.; Zhao, H.; Wang, H. The Association of Invasive Cribriform Lesions With Adverse Prostatic
Adenocarcinoma Outcomes: An Institutional Experience, Systematic Review, and Meta-analysis. Arch. Pathol. Lab. Med. 2019,
143,1012-1021. [CrossRef] [PubMed]

Wells, G.A.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for
Assessing the Quality if Nonrandomized Studies in Meta-Analyses. Available online: http:/ /www.ohri.ca/programs/clinical
epidemiology/oxford.htm (accessed on 23 January 2023).

Sarbay, B.C.; Kir, G.; Topal, C.S.; Gumus, E. Significance of the cribriform pattern in prostatic adenocarcinomas. Pathol. Res. Pract.
2014, 210, 554-557. [CrossRef] [PubMed]

Kir, G.; Sarbay, B.C.; Glimiis, E.; Topal, C.S. The association of the cribriform pattern with outcome for prostatic adenocarcinomas.
Pathol. Res. Pract. 2014, 210, 640-644. [CrossRef] [PubMed]

Iczkowski, K.A.; Torkko, K.C.; Kotnis, G.R.; Wilson, R.S.; Huang, W.; Wheeler, TM.; Abeyta, A.M.; La Rosa, FG.; Cook, S.;
Werahera, PN.; et al. Digital quantification of five high-grade prostate cancer patterns, including the cribriform pattern, and their
association with adverse outcome. Am. J. Clin. Pathol. 2011, 136, 98-107. [CrossRef]

Greenland, N.Y.; Cowan, J.E.; Zhang, L.; Carroll, PR.; Chan, E.; Stohr, B.A.; Simko, ].P. Expansile cribriform Gleason pattern 4
has histopathologic and molecular features of aggressiveness and greater risk of biochemical failure compared to glomerulation
Gleason pattern 4. Prostate 2020, 80, 653-659. [CrossRef] [PubMed]

Choy, B.; Pearce, S.M.; Anderson, B.B.; Shalhav, A.L.; Zagaja, G.; Eggener, S.E.; Paner, G.P. Prognostic Significance of Percentage
and Architectural Types of Contemporary Gleason Pattern 4 Prostate Cancer in Radical Prostatectomy. Am. J. Surg. Pathol. 2016,
40, 1400-1406. [CrossRef] [PubMed]

Zhu, S.; Zhao, J.G.; Chen, J.R;; Liu, Z.H.; Sun, G.X.; Wang, Z.P; Ni, Y.C,; Dai, ].D.; Shen, PF,; Zeng, H. Intraductal carcinoma of the
prostate in prostate biopsy samples: Correlation with aggressive pathological features after radical prostatectomy and prognostic
value in high-risk prostate cancer. Asian J. Androl. 2020, 22, 519-525. [CrossRef] [PubMed]

Kweldam, C.F,; Wildhagen, M.E,; Steyerberg, E.W.; Bangma, C.H.; van der Kwast, T.H.; van Leenders, G.J. Cribriform growth is
highly predictive for postoperative metastasis and disease-specific death in Gleason score 7 prostate cancer. Mod. Pathol. 2015, 28,
457-464. [CrossRef]

Hollemans, E.; Verhoef, E.I.; Bangma, C.H.; Rietbergen, J.; Roobol, M.].; Helleman, J.; van Leenders, G.J.L.H. Clinical outcome
comparison of Grade Group 1 and Grade Group 2 prostate cancer with and without cribriform architecture at the time of radical
prostatectomy. Histopathology 2020, 76, 755-762. [CrossRef] [PubMed]

Flood, T.A.; Schieda, N.; Sim, J.; Breau, R.H.; Morash, C.; Belanger, E.C.; Robertson, S.J. Evaluation of tumor morphologies and
association with biochemical recurrence after radical prostatectomy in grade group 5 prostate cancer. Virchows Arch. 2018, 472,
205-212. [CrossRef] [PubMed]

Dong, E; Yang, P.; Wang, C.; Wu, S.; Xiao, Y.; McDougal, W.S.; Young, R.H.; Wu, C.L. Architectural heterogeneity and cribriform
pattern predict adverse clinical outcome for Gleason grade 4 prostatic adenocarcinoma. Am. J. Surg. Pathol. 2013, 37, 1855-1861.
[CrossRef]

Walz, J.; Epstein, ].I.; Ganzer, R.; Graefen, M.; Guazzoni, G.; Kaouk, J.; Menon, M.; Mottrie, A.; Myers, R.P; Patel, V,; etal. A
Critical Analysis of the Current Knowledge of Surgical Anatomy of the Prostate Related to Optimisation of Cancer Control and
Preservation of Continence and Erection in Candidates for Radical Prostatectomy: An Update. Eur. Urol. 2016, 70, 301-311.
[CrossRef]

Flammia, S.; Frisenda, M.; Maggi, M.; Magliocca, F; Ciardi, A.; Panebianco, V.; De Berardinis, E.; Salciccia, S.; Di Pierro, G;
Gentilucci, A.; et al. Cribriform pattern does not have a significant impact in Gleason Score >7/ISUP Grade >2 prostate cancers
submitted to radical prostatectomy. Medicine 2020, 99, €22156. [CrossRef]

Osiecki, R.; Kozikowski, M.; Pyzlak, M.; Dobruch, J. The presence of cribriform pattern in prostate biopsy is associated with
increased risk of regional lymph node metastasis. In Proceedings of the the 51st Scientific Congress of the Polish Urological
Association, Warsaw, Poland, 21-23 October 2021; Available online: https://kongres2021.pturol.org.pl/media/kongres2021/
files/Book_of_Abstract_%202021.pdf (accessed on 6 January 2023).

Moschini, M.; Sharma, V.; Zattoni, F.; Quevedo, ].F; Davis, B.].; Kwon, E.; Karnes, R.J. Natural History of Clinical Recurrence
Patterns of Lymph Node-Positive Prostate Cancer After Radical Prostatectomy. Eur. Urol. 2016, 69, 135-142. [CrossRef]

Touijer, K.A.; Mazzola, C.R,; Sjoberg, D.D.; Scardino, P.T.; Eastham, J.A. Long-term outcomes of patients with lymph node
metastasis treated with radical prostatectomy without adjuvant androgen-deprivation therapy. Eur. Urol. 2014, 65, 20-25.
[CrossRef] [PubMed]

Boorjian, S.A.; Thompson, R H.; Siddiqui, S.; Bagniewski, S.; Bergstralh, E.J.; Karnes, R ].; Frank, I.; Blute, M.L. Long-term outcome
after radical prostatectomy for patients with lymph node positive prostate cancer in the prostate specific antigen era. J. Urol. 2007,
178 Pt 1, 864-870; discussion 870-871. [CrossRef]

Cheng, L.; Zincke, H.; Blute, M.L.; Bergstralh, E.J.; Scherer, B.; Bostwick, D.G. Risk of prostate carcinoma death in patients with
lymph node metastasis. Cancer 2001, 91, 66-73. [CrossRef] [PubMed]


http://doi.org/10.1016/j.ejca.2014.03.009
http://www.ncbi.nlm.nih.gov/pubmed/24703897
http://doi.org/10.5858/arpa.2017-0582-RA
http://www.ncbi.nlm.nih.gov/pubmed/30702333
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://doi.org/10.1016/j.prp.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24831265
http://doi.org/10.1016/j.prp.2014.06.002
http://www.ncbi.nlm.nih.gov/pubmed/25042388
http://doi.org/10.1309/AJCPZ7WBU9YXSJPE
http://doi.org/10.1002/pros.23977
http://www.ncbi.nlm.nih.gov/pubmed/32220141
http://doi.org/10.1097/PAS.0000000000000691
http://www.ncbi.nlm.nih.gov/pubmed/27379821
http://doi.org/10.1200/JCO.2019.37.7_suppl.123
http://www.ncbi.nlm.nih.gov/pubmed/31710002
http://doi.org/10.1038/modpathol.2014.116
http://doi.org/10.1111/his.14064
http://www.ncbi.nlm.nih.gov/pubmed/31944367
http://doi.org/10.1007/s00428-017-2241-9
http://www.ncbi.nlm.nih.gov/pubmed/28975495
http://doi.org/10.1097/PAS.0b013e3182a02169
http://doi.org/10.1016/j.eururo.2016.01.026
http://doi.org/10.1097/MD.0000000000022156
https://kongres2021.pturol.org.pl/media/kongres2021/files/Book_of_Abstract_%202021.pdf
https://kongres2021.pturol.org.pl/media/kongres2021/files/Book_of_Abstract_%202021.pdf
http://doi.org/10.1016/j.eururo.2015.03.036
http://doi.org/10.1016/j.eururo.2013.03.053
http://www.ncbi.nlm.nih.gov/pubmed/23619390
http://doi.org/10.1016/j.juro.2007.05.048
http://doi.org/10.1002/1097-0142(20010101)91:1&lt;66::AID-CNCR9&gt;3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/pubmed/11148561

Cancers 2023, 15, 1372 16 of 16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Froehner, M.; Koch, R.; Farahzadji, S.; Heberling, U.; Borkowetz, A.; Twelker, L.; Baretton, G.B.; Wirth, M.P,; Thomas, C. Long-Term
Mortality in Patients with Positive Lymph Nodes at the Time of Radical Prostatectomy. Urol. Int. 2019, 103, 427-432. [CrossRef]
[PubMed]

Trinh, V.Q.; Benzerdjeb, N.; Chagnon-Monarque, S.; Dionne, N.; Delouya, G.; Kougioumoutzakis, A.; Sirois, J.; Albadine, R,;
Latour, M.; Mes-Masson, A.; et al. Retrospective study on the benefit of adjuvant radiotherapy in men with intraductal carcinoma
of prostate. Radiat. Oncol. 2019, 14, 60. [CrossRef] [PubMed]

Eastham, ].A.; Auffenberg, G.B.; Barocas, D.A.; Chou, R.; Crispino, T.; Davis, ] W.; Eggener, S.; Horwitz, E.M.; Kane, C.J.; Kirkby, E.;
et al. Clinically Localized Prostate Cancer: AUA/ASTRO Guideline, Part II: Principles of Active Surveillance, Principles of
Surgery, and Follow-Up. J. Urol. 2022, 208, 19-25. [CrossRef]

Chua, M.LK,; Lo, W.; Pintilie, M.; Murgic, J.; Lalonde, E.; Bhandari, V.; Mahamud, O.; Gopalan, A.; Kweldam, C.F; van
Leenders, G.J.L.H.; et al. A Prostate Cancer “Nimbosus”: Genomic Instability and SChLAP1 Dysregulation Underpin Aggression
of Intraductal and Cribriform Subpathologies. Eur. Urol. 2017, 72, 665-674. [CrossRef]

Mehra, R.; Udager, A.M.; Ahearn, T.U.; Cao, X.; Feng, EY.; Loda, M.; Petimar, ].S.; Kantoff, P.; Mucci, L.A.; Chinnaiyan, A.M.
Overexpression of the Long Non-coding RNA SChLAP1 Independently Predicts Lethal Prostate Cancer. Eur. Urol. 2016, 70,
549-552. [CrossRef]

Mehra, R; Shi, Y.; Udager, A.M.; Prensner, J.R.; Sahu, A ; Iyer, M.K; Siddiqui, J.; Cao, X.; Wei, |.; Jiang, H.; et al. A Novel RNA In
Situ Hybridization Assay for the Long Noncoding RNA SChLAP1 Predicts Poor Clinical Outcome After Radical Prostatectomy in
Clinically Localized Prostate Cancer. Neoplasia 2014, 16, 1121-1127. [CrossRef]

Bottcher, R.; Kweldam, C.E; Livingstone, J.; Lalonde, E.; Yamaguchi, T.N.; Huang, V.; Yousif, F; Fraser, M.; Bristow, R.G.; van der
Kwast, T.; et al. Cribriform and intraductal prostate cancer are associated with increased genomic instability and distinct genomic
alterations. BMC Cancer 2018, 18, 8. [CrossRef]

Olkhov-Mitsel, E.; Siadat, F.; Kron, K.; Liu, L.; Savio, A.].; Trachtenberg, J.; Fleshner, N.; van der Kwast, T.; Bapat, B. Distinct
DNA methylation alterations are associated with cribriform architecture and intraductal carcinoma in Gleason pattern 4 prostate
tumors. Oncol. Lett. 2017, 14, 390-396. [CrossRef] [PubMed]

Liu, L.; Kron, K.J.; Pethe, V.V,; Demetrashvili, N.; Nesbitt, M.E.; Trachtenberg, J.; Ozcelik, H.; Fleshner, N.E.; Briollais, L.; van der
Kwast, TH.; et al. Association of tissue promoter methylation levels of APC, TGF32, HOXD3 and RASSF1A with prostate cancer
progression. Int. J. Cancer 2011, 129, 2454-2462. [CrossRef] [PubMed]

Taylor, A.S.; Morgan, T.M.; Wallington, D.G.; Chinnaiyan, A.M.; Spratt, D.E.; Mehra, R. Correlation between cribriform/intraductal
prostatic adenocarcinoma and percent Gleason pattern 4 to a 22-gene genomic classifier. Prostate 2020, 80, 146-152. [CrossRef]
[PubMed]

Risbridger, G.P,; Taylor, R.A.; Clouston, D.; Sliwinski, A.; Thorne, H.; Hunter, S.; Li, J.; Mitchell, G.; Murphy, D.; Frydenberg, M.;
et al. Patient-derived xenografts reveal that intraductal carcinoma of the prostate is a prominent pathology in BRCA2 mutation
carriers with prostate cancer and correlates with poor prognosis. Eur. Urol. 2015, 67, 496-503. [CrossRef]

Lozano, R.; Salles, D.C.; Sandhu, S.; Aragén, LM.; Thorne, H.; Lépez-Campos, F.; Rubio-Briones, ].; Gutierrez-Pecharroman, A.M.;
Maldonado, L.; di Domenico, T.; et al. Association between BRCA?2 alterations and intraductal and cribriform histologies in
prostate cancer. Eur. |. Cancer 2021, 147, 74-83. [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.


http://doi.org/10.1159/000500961
http://www.ncbi.nlm.nih.gov/pubmed/31661703
http://doi.org/10.1186/s13014-019-1267-3
http://www.ncbi.nlm.nih.gov/pubmed/31018850
http://doi.org/10.1097/JU.0000000000002758
http://doi.org/10.1016/j.eururo.2017.04.034
http://doi.org/10.1016/j.eururo.2015.12.003
http://doi.org/10.1016/j.neo.2014.11.006
http://doi.org/10.1186/s12885-017-3976-z
http://doi.org/10.3892/ol.2017.6140
http://www.ncbi.nlm.nih.gov/pubmed/28693181
http://doi.org/10.1002/ijc.25908
http://www.ncbi.nlm.nih.gov/pubmed/21207416
http://doi.org/10.1002/pros.23926
http://www.ncbi.nlm.nih.gov/pubmed/31737920
http://doi.org/10.1016/j.eururo.2014.08.007
http://doi.org/10.1016/j.ejca.2021.01.027

	Introduction 
	Materials and Methods 
	Pathological Definition 
	Evidence Acquisition 
	Literature Search 
	Data Extraction 
	Assessment of Study Quality 
	Statistical Analysis 

	Evidence Synthesis 
	Results 
	Correlation between EPE and CP/IDC 
	Correlation between SVI and CP/IDC 
	Correlation between LNs met and CP/IDC 
	Correlation between BCR and CP/IDC 
	Correlation between MET/DSD and CP/IDC 
	Publication Bias 

	Discussion 
	Conclusions 
	References

