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Abstract

Context: The optimal management for men with prostate cancer (PCa) with unconven-
tional histology (UH) is unknown. The outcome for these cancers might be worse than
for conventional PCa and so different approaches may be needed.
Objective: To compare oncological outcomes for conventional and UH PCa in men with
localized disease treated with curative intent.
Evidence acquisition: A systematic review adhering to the Referred Reporting Items for
Systematic Reviews and Meta-Analyses was prospectively registered on PROSPERO
(CRD42022296013) was performed in July 2021.
Evidence synthesis: We screened 3651 manuscripts and identified 46 eligible studies (re-
porting on 1 871 814 men with conventional PCa and 6929 men with 10 different PCa
UHs). Extraprostatic extension and lymph node metastases, but not positive margin
rates, were more common with UH PCa than with conventional tumors. PCa cases with
cribriform pattern, intraductal carcinoma, or ductal adenocarcinoma had higher rates of
biochemical recurrence and metastases after radical prostatectomy than for conven-
tional PCa cases. Lower cancer-specific survival rates were observed for mixed cribri-
form/intraductal and cribriform PCa. By contrast, pathological findings and oncological
outcomes for mucinous and prostatic intraepithelial neoplasia (PIN)-like PCa were sim-
ilar to those for conventional PCa. Limitations of this review include low-quality studies,
a risk of reporting bias, and a scarcity of studies that included radiotherapy.
Conclusions: Intraductal, cribriform, and ductal UHs may have worse oncological out-
comes than for conventional and mucinous or PIN-like PCa. Alternative treatment
approaches need to be evaluated in men with these cancers.
Patient summary: We reviewed the literature to explore whether prostate cancers with
unconventional growth patterns behave differently to conventional prostate cancers. We
found that some unconventional growth patterns have worse outcomes, so we need to
investigate if they need different treatments. Urologists should be aware of these growth
patterns and their clinical impact.

© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

The generalizability of reviews that assessed the prog-
nostic implications of specific UHs, including neuroen-

According to the latest World Health Organization (WHO)  docrine [7,8] and intraductal [3,9] disease is limited by the

classification of tumors, prostate cancer (PCa) can be sub-
classified according to histological types, subtypes, and
growth patterns. While approximately 95% of patients are
diagnosed with conventional acinar adenocarcinoma
(namely, conventional PCa), 5% have an unconventional his-
tology (UH) [1]. As PCa is the most common solid cancer
among men, this UH percentage would translate into a rel-
evant absolute number of patients and an epidemiological
burden worldwide [2].

Preliminary evidence showed certain UHs have greater
or lower disease aggressiveness [3,4] in comparison to con-
ventional PCa. Hence, new entities were introduced in the
WHO 2016 classification [4] and further confirmed in
2022 [1]. According to the International Society of Urologi-
cal Pathology (ISUP) 2019 consensus conference [5] and the
Genitourinary Pathology Society white paper [6], cribriform
growth pattern and intraductal PCa must now be routinely
reported. Comprehensive knowledge of UHs, their biological
behavior, and their potential impact on outcomes may be of
value in the clinical decision-making process. Thus, there is
a need to confirm the association of UHs with different out-
comes in comparison to conventional PCa. Moreover,
whether certain UHs may benefit from a specific PCa treat-
ment modality also requires investigation.

use of nonstandardized methodology [7] and the inclusion
of patients with metastatic disease [7]. The European Asso-
ciation of Urology (EAU) Young Academic Urologists Pros-
tate Cancer Working Party (YAU PCa-WP) and the EAU
PCa Guidelines Panel systematically reviewed the literature
to assess oncological outcomes for patients with localized
PCa and UH treated with curative intent (radical prostatec-
tomy [RP] or radiation therapy [RT]).

2. Evidence synthesis

2.1. Aims

Our primary objective was to describe and compare onco-
logical outcomes for (1) patients with pure/mixed UH in
comparison to patients with conventional acinar adenocar-
cinoma of the prostate without these features (comparator)
and (2) different treatment modalities within the context of
a specific pure/mixed UH.

The secondary objective was to assess whether UH pres-
ence is associated with higher incidence of extraprostatic
extension (EPE), positive surgical margins (PSMs), lymph
node invasion (LNI), and/or seminal vesicle invasion in com-
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parison to conventional PCa at final pathology for patients
treated with RP.

2.2. Protocol and measures

An a priori protocol was registered on PROSPERO
(CRD42022296013) after review and approval by the EAU-
YAU PCa-WP and the EAU PCa Guidelines Panel and the
EAU Methods Panel. Using a Patient, Intervention, Compar-
ison, Outcome (PICO) approach, cNOMO PCa cases with
mixed/pure UH were investigated. Two comparisons were
considered for the search and review: (1) UH versus con-
ventional PCa; and (2) different curative treatment modali-
ties (eg, RP vs RT) for each UH.

The primary outcomes were cancer-specific mortality
and prostate-specific antigen (PSA) relapse. Additional out-
comes included overall mortality after adjuvant/salvage
therapies stratified by type of treatment; metastasis-free
survival (MFS), defined as the percentage of patients free
from metastatic disease, overall survival (OS), and pTNM
stage at RP.

The risk of bias (RoB) and study quality were assessed
according to the EAU recommendations for systematic
reviews and meta-analysis [10]. The Cochrane RoB assess-
ment tool was used for randomized controlled trials (RCTs)
and the quality appraisal tool for case series, using a modi-
fied Delphi technique for retrospective studies [11] as previ-
ously described [12]. Complications were reported
according to the EAU Guidelines on Complications Report-
ing [13]. The data extraction form is provided in the Supple-
mentary material.

2.3. Study inclusion criteria

We included single-arm cohort studies and/or comparative
prospective and retrospective studies reporting on >20
patients with epithelial or neuroendocrine UH at prostate
biopsy or RP. Patients had to be treated with RP and/or RT
(any type) with curative intent. Neoadjuvant or adjuvant
treatments were allowed. We focused exclusively on men
with nonmetastatic PCa on conventional imaging. In the
case of multiple reports for the same cohort, the most com-
plete data aggregated over the longest follow-up were con-
sidered. Similarly, in the case of multiple reports for the
same cohort or overlapping patients, studies were included
only if they added relevant prognostic information in com-
parison to the other reports for the same cohort.

We excluded studies that did not separately report out-
comes for UH, those focusing only on salvage treatments
without providing data on the primary treatment/first PCa
diagnosis, and investigations reporting on non-epithelial
or non-neuroendocrine UH or with inappropriate UH patho-
logical definitions.

Registry-based studies were included to verify whether
population-based outcomes mirror those of single- and
multi-institutional series. Results from registry-based evi-
dence are presented in a separate paragraph because of
(1) multiple articles using the same data set with a conse-
quent potential risk of data duplication and (2) no possibil-
ity to review the pathology criteria used to define the UHs.

24. Search strategy

The systematic review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Fig. 1).

The literature search was carried out using the Medline
and Embase databases and the Cochrane register on July
27, 2021 for English language articles published after
2000. The search strategy is provided in the Supplementary
material. Two authors (F.Z. and C.K.) screened all records
and performed data extraction. Discrepancies were solved
by a third author (G.M.). At the end of the process, an inde-
pendent review of the data quality of the records retrieved
was performed by two authors (G.M. and P.R.). Finally, a
genitourinary pathologist with PCa expertise (G.J.L.H.v.L.)
reviewed the pathological definitions for the UHs and the
methodology in all the full texts included to confirm the
appropriateness of the pathological inclusion criteria [1,5].
Although all the studies were published before the 5th edi-
tion of the WHO [1], the results are reported according to
this classification. A summary of the pathological criteria
and an overview of the UHs included in the present work
is provided in Figure 2. The term “unconventional histol-
ogy” (UH) was adopted after collegial discussion to facilitate
generalization of our findings, even though it is not used in
the WHO 5th edition, which comprises categories, types,
subtypes and growth patterns [1].

3. Evidence synthesis

3.1. Study characteristics

Overall, 46 retrospective studies reporting outcomes for
1 878 743 men were identified, of whom 6929 had one of
ten UHs. These included 40 retrospective single-center or
multicenter series (16 545 men, 3538 with UHs) and six
registry-based studies (n = 1 862 198 men, 3391 with
UHs). The UHs included cribriform, intraductal, ductal,
mucinous, and PIN-like PCa; in addition, registry-based
studies included adenosquamous, sarcomatoid, small cell,
neuroendocrine overall, and signet-ring-like PCa. Overall,
the quality of the studies was low (Table 1 [14-59] and Sup-
plementary Table 1). Patients were recruited between 1985
and 2019, although the majority of studies (n = 26) included
men diagnosed after 2000. Twenty-one cohorts were from
multiple centers; 33 studies conducted a complete patho-
logical review (1-5 pathologists involved, and blinded to
clinical features in 15 studies). Thirty-one studies used RP
as the reference, eight used biopsy alone, four used RP
and/or biopsy, and three used biopsy and/or transurethral
resection.

3.2. Retrospective series: UHs vs conventional PCa

3.2.1. Baseline and pathological characteristics

Seven centers were involved in two or more studies on UHs,
with a potential for duplication of patient data (Supplemen-
tary Table 2). Thirteen series evaluated a cribriform growth
pattern and intraductal type together as a single entity
because their distinction often requires the use of immuno-
histochemistry. No cohort studies on neuroendocrine carci-
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Fig. 1 - Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. *Full texts that were reviews were also excluded. Other
UH = other unconventional histology not detailed; No UH Tx = treatment details for unconventional histology were not separately available or treatment was
performed without curative intent; No HV outcome = outcomes for unconventional histology not separately reported; Mets = patients with metastatic disease
at diagnosis were included and outcomes are not reported separately for men with localized disease; No MVA = no multivariable analysis performed for
prognostic factors or no treatment included in multivariable analysis; OLD = first publication on a previous series without any additional information
compared to the latest publication; Other reasons = no study criteria reported (n = 1) and study not performed on human subjects (n = 1). **Two articles

excluded after pathological review were by Tu et al. [63] and Patil et al. [64].

noma identified. Table 2 lists the baseline PCa characteris-
tics in the studies. The median patient age was <70 yr in
all studies. Median PSA ranged from 5.2 ng/ml [14] to 33.6
ng/ml [15], and was >10 ng/ml in seven studies (n = 4 ductal
[16-19], n = 2 intraductal [15,20], n = 1 cribriform/intraduc-
tal [21]). Some studies assessed the impact of UH in a pre-
specified ISUP grade group (GG) and/or Gleason score (GS)
group, including intraductal/cribriform in GG 2 (n = 4 [22-
25]), GG 4 [24], and GG 5 [21] PCa, and cribriform pattern
alone in GS 7 PCa [26]. The majority of patients with UH
had concomitant GS 7, including cribriform/intraductal

(69%, n = 564 had GS 7), ductal (64%, n = 187), intraductal
(56%, n = 126), cribriform (100%, n = 120), and mucinous
(91%, n = 37) UHs. Overall, only four cases (0.1%) of cribri-
form/intraductal PCa and only 16 (6%) of intraductal PCa
alone were associated with GG 1 PCa. Conversely, a signifi-
cant proportion of mucinous and PIN-like UH cases were
diagnosed among men with GG 1 PCa (mucinous 13%;
PIN-like 66%).

Overall, final pathology at RP revealed EPE in more than
half of the specimens for intraductal/cribriform (61%,
n = 384), ductal (80%, n = 459), and cribriform alone (83%,
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Classification of Prostate Tumours according to WHO 5th, 2022

Unconventional Histologies included in the Systematic Review

CATEGORY: EPITHELIAL

Family (class): Glandular neoplasms
Type: Prostatic cystadenoma

**Cr/IDn=13

Type: HGPIN
Type: Intraductal carcinoma*

Type: Prostatic acinar adenocarcinoma

including pattern of invasion: Cribriform*
including unusual histologic patterns: atrophic, pseudo-

hyperplastic, microcystic, foamy gland,

Subtype: Signet ring-like

Subtype: Sarcomatoid

Subtype: Pleomorphic giant cell

Subtype: PIN-like adenocarcinoma

Type: Prostatic d uctal adenocarcinoma

Type: Treatment-related neuroendocrine PCa
Family (class): Squamous

Type: Adenosquamous

Type: Squamous cell

Type: Adenoid cystic (basal cell)

Fig. 2 - Prostate tumors identified in articles included in the systematic review according to the World Health Organization (WHO) 2022 classification. In the
2022 WHO edition, neuroendocrine neoplasms (not included in this figure, although they were searched for and were assessed in registry-based studies) are
included as a separate chapter, similar to tumors of the bladder and tumors of the prostate. The reason for this is that the morphology,
immunohistochemistry, behavior, and treatment of these specific tumors is the same in diverse organ systems such as the urinary bladder and prostate.
The neuroendocrine family is described at the end of the caption. A small shift in terminology in the 2022 WHO edition is that the term “variant” in reference
to a specific type of tumor has been wholly superseded by “subtype” in an effort to more clearly differentiate this meaning from that of “variant” in reference
to a genetic alteration. Bold and underscored text denotes types or subtypes or patterns for which single-center or multicenter retrospective
studies * registry-based studies were identified; the number of studies indicates the number of retrospective cohorts with the unconventional histology
included in the present systematic review. **Cr/ID = the number of studies that included cribriform pattern (a pattern of invasion of acinar type) and/or
intraductal type evaluated together, as immunohistochemistry is needed for differential diagnosis confirmation. Italic and underscored text denote types
and/or subtypes and/or patterns for which only registry-based studies were identified; images of these unconventional histologies are not included in the
figure. HGPIN = high-grade prostatic intraepithelial neoplasia. Intraductal carcinoma is a cribriform proliferation of atypical epithelial cells within and
expanding a pre-existent acinar structure. Inmunohistochemical staining demonstrates the presence of basal cells, compatible with a pre-existent gland.
Invasive cribriform carcinoma is a contiguous proliferation of atypical epithelial cells with a round nucleus without intervening stroma showing round,
punched-out intercellular lumina. Basal cells are absent (immunohistochemistry not shown). PIN-like adenocarcinoma is visible as organized glands with
short papillary infoldings covered by atypical epithelial cells reminiscent of HGPIN. In contrast to HGPIN, the glandular proliferation entirely lacks basal cells
(immunohistochemistry not shown); Ductal adenocarcinoma is composed of papillary structures and/or complex and cribriform glands lined by tall
columnar pseudostratified cells. Mucinous adenocarcinoma is a primary acinar adenocarcinoma with 225% of the tumor composed of glands with
extraluminal mucin. The neuroendocrine chapter recognizes (i) neuroendocrine tumors: well-differentiated neuroendocrine tumor (8240/3 and 8249/3); (ii)
neuroendocrine carcinomas: (a) small cell neuroendocrine carcinoma (8041/3); (b) large cell neuroendocrine carcinoma (8013/3); and (c) mixed
neuroendocrine neoplasms; and (iii) paraganglioma.

n=69) UHs, while EPE was described in 44% (n = 31) of cases
with intraductal carcinoma.

Studies comparing pathological stage between UH and
conventional PCa are summarized in Supplementary Table 3.
Higher rates of EPE at final pathology in comparison to con-
ventional PCa were reported for cribriform/intraductal (6
studies [21,22,24,25,27,36], ductal (4 studies
[16,19,28,29]), intraductal (1 study [30]), and cribriform
PCa (1 study [31]). This was confirmed on multivariable
analysis for cribriform/intraductal (1 study [25]), ductal (2
studies [17,32]), and intraductal PCa (1 study [15]). Two
matched-pair studies assessing ductal and intraductal sub-
types did not find significant differences in the proportion
of patients with EPE after matching (p = 0.6 [28] and
p=05][15]).

Overall, rates of PSM at RP ranged from 13% for mucinous
PCa to >40% for ductal (43%, n = 238), intraductal (58%,

n=21), and cribriform (43%, n = 35) UHs. In studies compar-
ing PSMs in UH versus conventional PCa, the PSM rate was
significantly higher in a minority of the series (1/4 cribri-
form/intraductal studies [22], 1/2 ductal studies [19], and
1/4 intraductal studies [15]) and the association was not
confirmed in multivariable analyses [15,19].

Information on lymphadenectomy (8 studies
[16,21,24,26,33-36]) and LNI (7 studies [16,21,24,33-36])
was poorly reported (Table 2). Rates of pN+ status ranged
from 2.5% for mucinous PCa to 21% for cribriform/intraduc-
tal UH in GG 4 disease. Some studies highlighted signifi-
cantly higher LNI rates in UH than in conventional PCa on
univariable analysis (3/4 cribriform/intraductal studies
[22,24,36], 3/4 ductal studies [16,19,29], and 1/2 cribriform
studies [33]). Multivariable analysis for LNI was performed
in only two studies, revealing significantly higher LNI risk
for cribriform/intraductal UH [36] but not for ductal PCa
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Table 1 - Baseline features, methodology, and exclusion criteria for the studies included in the review

General study features Pathology Study exclusion criteria

Study Accrual Setting Pathologists Blinded Sample® Bx technique M+ ¢N+ nADT Other

Retrospective series

Cribriform and intraductal prostate cancer evaluated together

Hollemans et al. [38] 2000-2017 S 2 Yes RP - NS NS Exc RT, GTx

Hollemans et al. [22] 2000-2017 S 2 Yes RP - NS NS Exc RT, GTx

Hollemans et al. [24] 2000-2017 M 2 Yes RP - NS NS Exc RT, GTx

Hansum et al. [21] 2000-2017 M 2 Yes RP - NS NS Exc RT, GTx

Kweldam et al. [14] 1993-2000 S 3 Yes Bx Sextant Exc NS NS Slides NA

Kweldam et al. [41] 1993-2000 S 3 Yes Bx Sextant Exc NS NS Slides NA

Kweldam et al. [23] 1993-2000 S 3 Yes Bx Sextant Exc Exc NS Slides NA

Tontilla et al. [37] 2014-2016 S 2 Yes RP - Exc NS NS 3-T mpMRI before RP

Chua et al. [40] 1987-2012 M 5 No Bx/RP NS Exc NS Inc NS

Masoomian e al [25] 2015-2018 M - - RP - NS NS NS NS

Trudel et al. [39]° 1998-2001 S 2 No RP - NS NS NS ID

Efstathiou et al. [27] NS S 2 No RP - NS NS Inc NS

Downes et al. [36] 2005-2018 M - - Bx/RP NS NS NS NS ID

Ductal prostate cancer

Jang et al. [16] 2005-2014 SC - - RP - NS NS Exc aTx, ID

Samaratunga et al. [32] 2004 SC Yes© NS RP - NS NS NS NS

Kim et al. [17] 1999-2013 SC 2 NS RP - NS Ns NS HGPIN-like DC

Jeong et al. [18] 1995-2015 SC 2 Yes RP - NS NS Exc ITM, no FU

Vinceneux et al. [34] 2000 & 2015 MC 4 No RP - Exc NS NS Insufficient DC
component, IFs
between cribriform
and DC

Chow et al. [28] 2007-2019 MC Yes© No RP - Exc NS Exc -

Harkin et al. [29] 2007-2017 SC - - RP NS Exc Exc  Exc ID

Tan et al. [19] 2008-2017 SC Yes© No RP - NS NS NS aTx

Intraductal prostate cancer

Kato et al. [45] 1991-2005 MC 1 No Bx, RP NS NS NS Inc Slides NA

Kato et al. [46] 1991-2005 MC 1 No Bx NS NS NS NS ID

Kato et al. [43] 2005-2013 MC 1 No RP - Exc Exc Exc ID

Karakoc et al. [59] 2000-2014 SC 2 Yes RP - NS NS NS Adjuvant RT

O’Brien et al. [42] 1998-2007 MC 1 - RP - NS NS Exc aTx before BCR, ID, no
index PCa determined

Van der Kwast et al. [44]  1999-2006, MC 1 or2¢ No Bx/TUR NS NS NS Exc NS

1987-1995

Miyai et al. [20] 2006-2012 Ne 2 No RP - NS NS Exc aTx

Zhu et al. [15] 2010-2017 SC 2 No Bx/RP TP 12-core SBx NS NS NS -

Trinh et al. [35] 1993-2011 MC 2 Yes RP - Exc Exc Exc Tissue degradation, no
slides available, FU
uncertainty

Trinh et al. [30] 1993-2015 MC 2 Yes RP - Exc Exc Exc aTx, PSA persistence

Cribriform prostate cancer

Kweldam et al. [26] 1985-2013 SC 2 Yes RP - NS NS Exc Slides NA

Leo et al. [48] NS¢ MC Yes© No RP - Exc NS Exc aTx, USD, <30 d RP FU,
PSA >0.2 ng/ml after
RP

Keefe et al. [31] 2010-2015 SC 2 Yes Bx TR 10-core SBx NS NS Exc No GS 7 on TRUS,
neoadjuvant Tx

Kir et al. [49] 2006-2013 SC 2 Yes RP - NS NS Exc -

Choy et al. [50] 2003-2006 SC 2 No RP - NS NS Inc Salvage RP

Greenland et al. [47] 2015-2018 SC - - RP - NS NS NS Expansile cribriform
and glomerulation,
pattern 5

Mucinous prostate cancer

Osunkoya et al. [58] 1991-2006 SC 1 - RP - NS NS NS NS

Samaratunga [33] 2009-2014 SC Yes© No RP - NS NS NS -

PIN-like prostate cancer

Tavora et al. [51] 1999-2007 SC Yes© No RP NS NS NS NS -

Registry-based studies

Bronkema et al. [55] 2004-2015 MC NS - Bx/TUR NS Exc’ Exc NS ID

Packiam et al. [52] 1998-2011 MC NS - Bx NS Exc Exc NS FU <5 yr

Bronkema et al. [53] 2004-2015 MC NS - Bx/TUR NS Exc Exc Inc No FU, no Tx

information
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Table 1 (continued)

General study features Pathology Study exclusion criteria

Study Accrual Setting Pathologists Blinded Sample® Bx technique M+ cN+ nADT Other

Dinerman et al. [56] 2004-2013 MC NS No RP - NS Exc NS ID

Patel et al. [57] 2004-2013 MC NS - Bx NS Exc Exc No Multiple cancers, RP Dx
on autopsy, unknown
RT status

Weiner et al. [54] 1998-2011 MC NS No Bx NS Exc Exc - Palliative RT

aTx = adjuvant therapy; BCR = biochemical recurrence; Bx = biopsy; DC = ductal carcinoma; Dx = diagnosis; Exc = excluded; FU = follow-up; GS = Gleason score;
GTx = gene therapy; HGPIN = high-grade prostatic intraepithelial neoplasia; Inc = included; ID = incomplete data; IFs = intermediate features; ITM = insufficient
tissue for microarrays; MC = multiple centers; mpMRI = multiparametric magnetic resonance imaging; NA = not available; nADT = neoadjuvant androgen
deprivation therapy; NS = not specified; PCa = prostate cancer; PSA = prostate-specific antigen; SC = single center; RP = radical prostatectomy; RT = radiation
therapy; SBx = systematic Bx; TP = transperineal; TR = transrectal; TRUS = transrectal ultrasound; TUR = transurethral resection; Tx = therapy; USD = unsuc-

cessful slide digitization.

2 Pathological specimen used to assess the presence of the unconventional histology. In cases for which pathological review was performed, this corresponded

to the specimen reviewed.
5 Trudel et al. [39] included large cribriform histology.

¢ Pathology review was performed but the number of pathologists reviewing the specimen was not stated.
d For the PMH (Princess Margaret Hospital) cohort, cores were reviewed by two pathologists; for the EORTC (European Organization for Treatment and Research

of Cancer) cohort, specimens were reviewed by one pathologist.
¢ Median year of surgery 2007.

f Data were extracted from a subgroup analysis of men with no extraprostatic disease.

[19]. PSA persistence after RP was reported in just four stud-
ies and was observed in 23% of cribriform/intraductal
(n =28) [37], 29% of ductal (n = 23) [19], and 42% of intra-
ductal cases (n = 15) [15,30].

322 Oncological outcomes

Oncological outcomes in the retrospective series are shown
in Table 3. The oncological outcome most frequently
reported was BCR (31 studies); nine studies included MFS.
On multivariable analysis, cribriform/intraductal UH pres-
ence was an independent predictor of BCR (9 studies
[14,21-24,27,38-40], metastasis (3 studies [21,24,40]) and
cancer-specific death (1 study [41]) in comparison to con-
ventional PCa. Ductal PCa was associated with a higher risk
of BCR on multivariable analysis (4 series [16,19,28,29]) and
of metastasis and shorter MFS in one matched-pair analysis
[28]. Similarly, intraductal PCa alone was significantly cor-
related with worse BCR (5 studies [15,20,30,42,43]), metas-
tasis [30,44], and OS [45,46] on multivariable analysis.
Cribriform pattern alone was an independent predictor of
BCR (5 studies [26,47-50]), metastasis (1 study [26]), and
cancer-specific death (1 study [26]). No studies described
multivariable analysis for mucinous or PIN-like PCa. After
6-38-mo follow-up after RP, 9.4% of men with mucinous
PCa had BCR. No significant differences in comparison to
conventional PCa were highlighted [33]. Following RP for
PIN-like PCa, no case of BCR or metastasis was reported
[51].

3.23. RP and RT

Five studies included RT as a primary treatment modality
(Supplementary Table 4). One study assessed and reported
no significant interaction between cribriform/intraductal
PCa and treatment modality [41].

3.3. Registry based studies

The six registry-based studies used the National Cancer
Database (n = 4) [52-55] or the Surveillance, Epidemiology
and End Results (SEER) database (n = 2) [56,57] to assess

ductal (n = 4) [52,53,55,57], intraductal [56], small cell
[54] and multiple UHs [55]. Baseline features of the studies
are listed in Supplementary Table 5 and outcomes are
reported in Supplementary Table 6. For ductal PCa, the 5-
yr OS rate (75%) was similar to that for GS 8-10 (p = 0.2)
but worse than for GS 6-7 PCa (p < 0.001) overall and after
adjusting for confounding factors (GS 6-7: hazard ratio [HR]
0.46, 95% confidence interval [CI] 0.34-0.61; GS 8-10: HR
0.92, 95% CI 0.69-1.23) [52]. Similar trends were confirmed
for men undergoing RP as curative treatment [52]. No mor-
tality differences between ductal and conventional PCa
were found in another study (p = 0.1) [55]. Among different
treatment modalities for ductal adenocarcinoma, one study
found better OS for surgery in comparison to observation,
systemic therapy, or RT (p < 0.001) [53]. Another study
reported that men with ductal UH who received RT had a
lower risk of overall mortality (p = 0.042) and PCa-specific
death (p = 0.006) in comparison to those treated with “local
ablation” (LA), which included transurethral resection, laser
ablation, cryotherapy, and “tumor excision”, but not RP
[57]. Similar results were reported for a matched-pair sub-
group (10-yr OS 80% RT vs 46% LA; 10-yr CSS 96% RT vs
69% LA; both p < 0.01). There was no information on con-
comitant ADT use [57]. Among patients treated with RP,
intraductal UH was associated with higher pathological
stage, LNI, and PSM (p < 0.01), but not with overall mortality
(p > 0.5) [56]. The 5-yr OS reported for small cell PCa was
22% overall, and men who received local treatment (RP or
RT) had better 5-yr OS than patients who did not (37% vs
3.1%; p < 0.001). This trend was confirmed on adjusted
Cox proportional-hazards regression (p < 0.001) [54]. Over-
all, in comparison to conventional PCa, mucinous and signet
ring cell PCa had similar OS (both p > 0.5). Conversely, small
cell, adenosquamous, and sarcomatoid subtypes were asso-
ciated with worse survival (all p < 0.01) [55].

34. Discussion

In the face of a paucity of data on the impact of UH on onco-
logical outcomes for patients with nonmetastatic PCa



Table 2 - Baseline characteristics of the patients included in retrospective series

Study Subgroups Patients  pN+ pre-RP PSA (ng/ GG on RP or biopsy, n (%) pT stage, n (%)
ml)
(n) n (%) Median  (IQR) GG 1 GG 2 GG 3 GG G@ pT2 pT3a pT3b pT4
4 5
Hollemans All PCa 835 33 (39) 82 (5.7- 207 (250) 420 (50.0) 101 (120) 50 (6.0) 57  (7.0) 476 (57.0) 263 (32.0) 93 (11.0) 3 (0.4)
[38] 13.0)
Cr/ID 417 - - - - - - - - - - - - - - - - - - - - - -
Hollemans All (GG 1-2) 627 - - - - - - - - - - 419 (66.8) 173 (27.6) 35 (5.6) 0 (0.0)
[22]
GG 1 207 0 (0.0) 6.3 (4.0- 207 (33.0) 420 (66.0) - - - - - - 185 (89.4) 20 (9.7) 2 (1.0) 0 (0.0)
9.2)
GG 2~ 192 0 00) 7.7 (5.4- - - - - - - - - - - 124 (646) 63 (333) 5 (26) 0 (0.0)
10.5)
GG 2" 228 12 (52) 83 (6.3- = = 228  (100.0) O 00) 0 (0.0) 0 (0.0) 110  (482) 90 (39.5) 28 (123) 0 (0.0)
14.0)
p value <0.001 0.006 PT3 overall: <0.001
(GG 2~ vs GG
2%)
Hollemans All (GG 4) 140 12 (22.6) 100 (7.2- = = = = = = 140 (100.0) - = 67 (47.8) 44 (314) 20 (143) 1 (0.7)
[24] 16.0)
GG 4~ 53 1 (1.9) 10.0 (7.0- - - - - - - - - - - 35 (66.0) 10 (18.9) 8(15.1) (pT3b/T4)
14.0)
GG 4* 87 11 (20.7) 10.0 (7.5- - - 0 (0.0) 0 (0.0) 87 (100.0) 0 (0.0) 32 (36.8) 34 (39.1) 21 (24.1) (pT3b/T4)
16.0)
p value 0.05 0.33 0.003
Hansum [21] All (GG 5) 119 17 (143) 113 (7.1- - - - - - - - - 119 (100.0) 25 (21.0) 48 (40.0) 46 (39.0) with pT4
19.0)
GG 5~ 17 0 0.0) 10.1 - - - - - - - - - 17 (100.0) 9 (529) 5 (294) 3 (17.6)
GG 5" 102 17 (16.7) 188 - - - 0 (0.0) 0 (0.0) 0 (0.0) 102 (100.0) 16 (15.7) 43 (422) 43 (42.2)
p value 0.07 0.12 <0.002
Kweldam All (GG 2) 1054 - - - - - - - - - - - - - - - - - - - - - -
[14]
GG 2* 88 - - 5.2 (8.7- 0 (0.0) 88 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) - - - - - - - -
13.7)
GG 2 282 - - 4.0 (5.8- - - - - - - - - - - - - - - - - - -
8.7)
RP 146 - - - - - - - - - - - - - - - - - - - - - -
RT 195 = = = = = = = = = = = = = = = = = = = = = =
Kweldam All 1031 - - - - 486 (47.1) 310 (30.1) 104 (10.1) 64 (6.2) 67 (6.5) - - - - - - - -
(41]
Cr/Ip* 193 = = = = 4 (20) 54 (28.0) 60 (31.1) 33 (17.1) 42 (218) - = = = = = = =
Cr/ID 838 - - - - 482 (57.5) 256  (30.5) 44 (52.5) 31 (3.7) 25 (3.0) - - - - - - - -
Kweldam All 1055
[23]
RP (GG <3) 345 - - - - - - - - - - - -
GG 1 216 = = 47 (3.5- = = = = = = = = = = 187 (87.0) 23 (11.0) 2 (093) 1 (0.46)
6.9)
GG 2~ 112 - - 5.6 (4.0- - - - - - - - - - - 80 (71.0) 11 (65.0) 0 0
7.4)
GG 2* 17 = = 6.4 (4.5- = = 17 (100.0) 0 00) 0 (0.0) 0 (0.0) 32 (280) 5 (29.0) 0 0
8.8)
p value 0.23 (GG 2* vs GG >0.5
27)
RT 342 - - - - - - - - - - - - T2 T3
GG 1 188 - - 5.0 (3.6- - - - - - - - - - - 63 (34) 30 (16.0)
7.6)
GG 2- 120 - - 5.9 (4.0- - - - - - - - - - - 51 (43.0) 29 (24.0)

9.4)

L
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Table 2 (continued)

Study Subgroups Patients  pN+ pre-RP PSA (ng/ GG on RP or biopsy, n (%) pT stage, n (%)
ml)
(n) n (%) Median  (IQR) GG 1 GG 2 GG 3 GG GG pT2 pT3a pT3b pT4
4 5
GG 2 34 - - 8.7 (5.1- - - 34 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 12 (35.0) 15 (44.0)
14)
p value <0.001 >0.1
Tontilla [37] All 124 - - 8.1 (5.5- 6 (5) 51 (41) 28 (23) 8 (7) 31 (25) - - - - - - - -
13.1)
All (GG 2) 52 - - - - - - - - - - - - - - - - - - - - - -
GG 2 31 - - - - - - 31 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) - - - - - - - -
GG 2~ 21 - - - - - - - - - - - - - - - - - - - - - -
Chua [40] All 1325 - - 7.1 (5.1- 272 (29) 423 (4) 172 (19)  65(7) - - - - - - - -
10.5)
Cr/ID* 531 - - - - - - - - - - - - - - - - - - - - - -
Masoomian All 245 - - 7 (0.8- 29 (120) 150 (61.0) 40 (160) 18  (7.0) 8 (3.0) 135  (55.0) 74 (30.0) 36 (15.0) - -
et al. [25] 88.5) "
Cr/ID* 66 = = 7.7 (0.8- 0 (0.0) 33 (50.0) 18 (27.0) 12 (180) 3 (5.0) 24 (3.0 25 (38.0) 17 (26.0) - =
88.5) "
Cr/ID 179 - - 6.8 (1.8- 29  (160) 117  (65.0) 22 (120) 6 (3.0) 5 (3.0) 111 (62.0) 49 (27.0) 19 (11.0) - -
50) b
Trudel [39] All 246 NS NS NS NS 127 (51.6) GS7:101 (41.1) GS >7: 18 (7.3) 152 (61.8) 67 (27.2) 27 (11.0) - -
Cr/ID* 80 - - - - - - - - - - - - - - - - - - - - - -
Cr/ID~ 166 = = = = = = = = = = = = = = = = = = = = = =
Efstathiou All 115 32 (38.0) 0-4:13 (11.0) - - 14 (12) 19 (17) 82 (71) - - 42 (36) 9 (8) 32 (28) - -
[27] 4.1- (37.0)
10: 42 (23.0)
10.1-  (29.0)
20: 27
>20:33
Cr/ID~ 32 = = = = = = GS 7: 10 (31) 22 (69) = = 22 (69) 10 (31.0) = =
Cr/ID* 83 - - - - - - GS 7: 23 (39) 60 (61) - - 20 (24) 63 (76.0) - -
Downes [36]  All 340 37 (109) - = 20 (6.0) 144 (428) 121 (365) 13 (3.9) 36 (108) 137  (40.3) 120 (353) 83 (24.4)
Cr/ID* 203 35 (17.2) - - - - - - - - - - - - - - - - - - - -
Cr/ID~ 137 2 (15) - = = = = = = = = = = = = = = = = = = =
Total 5981
Cribrifo/ 2160 75 (52- -(5.2-18.8)" 4 (0.1) 485 (60.0) 78 (9.0) 132 (160) 147 (17.0) 246 (39.0) 384 (61.0)
Intraduct 20.7)
Jang [16] All men 2648 118 (4.5) 7.8 (5.3- 2383 (90.0) 265 (10.0) 1201 (45.4) 1149 (43.3) 298(11.3)
13.4)
Acinar 2547 104 (4.1) 7.7 (5.2- 2310 (90.7) 237  (9.3) 1174 (46.1) 1102 (43.3) 2