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Diagnosis of “cribriform” prostatic adenocarcinoma: an
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Abstract: Accurate diagnosis of cribriform Gleason pattern 4 (CrP4) prostate adenocarcinoma (PCa) is important
due to its independent association with adverse clinical outcomes and as a growing body of evidence suggests that
it impacts clinical decision making in PCa management. To identify reproducible features for diagnosis of CrP4, we
assessed interobserver agreement among 27 experienced urologic pathologists of 60 digital images from 44 radi-
cal prostatectomies (RP) that represented a broad spectrum of potential CrP4. The following morphologic features
were correlated with the consensus diagnosis (defined as 75% agreement) for each image: partial vs. transluminal
glandular bridging, intraglandular stroma, <12 vs. 212 lumina, well vs. poorly formed lumina, mucin (mucinous
fibroplasia, extravasation, or extracellular pool), size (compared to benign glands and number of lumina), number of
attachments with gland border by tumor cells forming a “glomeruloid-like” pattern, a clear luminal space along the
periphery of gland occupying <50% of glandular circumference, central nerve, dense (cell mass occupying >50%
of luminal space) vs. loose, and regular vs. irregular contour. Interobserver reproducibility for the overall diagnos-
tic agreement was fair (k=0.40). Large CrP4 had better agreement (k=0.49) compared to small CrP4 (k=0.40).
Transluminal bridging, dense cellular proliferation, a clear luminal space along the periphery of gland occupying
<50% of gland circumference, lack of intraglandular mucin, and lack of contact between the majority of intraglan-
dular cells with stroma were significantly associated with consensus for CrP4. In contrast, partial bridging, majority
of intraglandular cells in contact with stroma, mucinous fibroplasia, only one attachment to the gland border by
tumor cells forming a “glomeruloid-like” pattern, and a clear luminal space along the periphery of gland accounting
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for >50% of the glandular circumference were associated with consensus against CrP4. In summary, we identified
reproducible morphological features for and against CrP4 diagnosis, which could be used to refine and standardize

the diagnostic criteria for CrP4.
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Introduction

The term “cribriform” is derived from the Latin
word cribrum (i.e. sieve). It describes glands
composed of sheets of tumor cells that form
cohesive rounded or irregularly shaped trabec-
ulae with perforations or multiple “punched
out” lumina [1, 2]. There is growing evidence
that cribriform pattern 4 (CrP4) prostate
adenocarcinoma (PCa) in both biopsies and
radical prostatectomies (RP) is associated with
adverse clinical outcomes, including worse bio-
chemical recurrence-free, metastasis-free, and
cancer-specific survival than those without [3,
4]. Specifically, CrP4 carries a much higher risk
of disease progression compared to the other
Gleason grade 4 patterns [5-7]. Among men
with grade group (GG) 2 at biopsy, some stu-
dies have demonstrated a higher risk of failure
in the presence of cribriform morphology, while
patients without cribriform architecture carried
the same risk as GG 1 cancer, implying that
CrP4 diagnosis might affect clinical decision-
making [4, 8-10]. Whereas the value of cribri-
form architecture has mostly been studied for
Gleason score (GS) 7 patients, some studies
have demonstrated its independent prognostic
value in men with GS 8 and GS 9-10 PCa [6,
11, 12]. However, the majority of studies
addressing the significance of cribriform carci-
noma have not distinguished between intra-
ductal carcinoma of the prostate (IDC-P) and
CrP4 to determine outcomes, and have refer-
red to these lesions collectively as “cribriform
growth” [2-4, 10]. Cribriform PCa also has
unique adverse molecular features with signifi-
cantly more frequent PTEN and p27 loss at
RNA and protein levels, defects in DNA repair
genes, and higher frequency of mutational
events similar to metastatic prostate cancer
as opposed to non-cribriform Gleason pattern
4 PCa [3, 13-17]. Due to multiple lines of evi-
dence supporting the association with adverse
outcomes, both the Genitourinary Pathology
Society (GUPS) and the International Society
of Urologic Pathology (ISUP) recommended re-
porting of CrP4 in needle biopsy and RP speci-
mens [1, 18].
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Although the cribriform pattern has the best
interobserver reproducibility among genitouri-
nary pathologists (ranging from 54%-79%) com-
pared with other Gleason 4 patterns, there is
still a significant variability and ambiguity in
diagnosing this pattern [19]. Specifically, differ-
entiation of CrP4 from complex fused glands,
complex glands with papillary proliferation,
glands with partial or roman bridging, complex
“glomeruloid-like” growth pattern, or PCa exhi-
biting complex cribriform-like morphology but
with intra- or extraglandular mucin or involving
a nerve creates significant challenges in clas-
sification, diagnostic reproducibility, and re-
porting of CrP4. In this study, we focused spe-
cifically on the classification and practice-relat-
ed issues that may impact the diagnostic re-
producibility of CrP4. Our objectives were to
assess the diagnostic reproducibility amongst
urological pathologists with expertise in pros-
tate cancer using a wide range of potential
CrP4 lesions, identify morphological features
that are associated with consensus for and
against CrP4, and provide recommendations
for diagnostic criteria for CrP4.

Materials and methods
Case selection and construction of survey

Sixty digital images of hematoxylin and eosin-
stained slides from 44 prospectively collected
RP cases with potentially CrP4 lesions were
obtained from the pathology archives of the
lead author (R.B.S.). The study was approved by
the University of Texas Southwestern Medical
Center institutional review board. In all cases,
the lesions selected as potentially CrP4 were
confirmed as invasive based on morphological
features and/or by the lack of basal cells stain-
ing. Sixty images with x100 magnification were
used, and in 4 cases, additional images with
x200 magnification were provided. Wherever
possible, adjacent benign glands were includ-
ed for size comparison with the cancer glands
in question. The images were distributed elec-
tronically to 27 urologic pathologists using a
Google Forms survey. A multiple-choice ques-
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Figure 1. (A-C) Examples of cribriform lesions that
achieved consensus for CrP4. (A) A large CrP4 show-
ing dense cellular proliferation with numerous well-
formed lumina (>12) and transluminal bridging,
forming a “sieve-like” growth. There is no intraglan-
dular stroma or blood vessels. (B) A large CrP4 with
branching contour. Despite stoma between branch-
ing cribriform glands (arrows), there is no intrag-
landular stroma or vessels. (C) Small CrP4 that are
the size of adjacent benign glands (insert) and have
dense transluminal cellular proliferation with <12
well-formed lumina (A-C, Hematoxylin and eosin,
original magnifications x4 (A and B), x10 (C)).

tionnaire was included for each digital image,
and participants were asked if a particular
image would be classified as large CrP4, small
CrP4, or non-cribriform Gleason pattern 4,
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based on the criteria they apply in their res-
pective routine clinical practice. In some in-
stances, additional question choices included
if pattern 3 or 5 or “other” options are app-
licable, with fill-in responses. Finally, five addi-
tional practice-specific questions were includ-
ed: the years of urologic pathology practice
(including fellowship training), whether they
routinely report the presence or absence of
CrP4 in their practice, whether they differenti-
ate small versus large CrP4 if they report CrP4,
which criteria or definition they use to differen-
tiate small from large CrP4, and whether they
report “cribriform cancer glands” when pattern
5, especially solid tumor/necrosis, is present
elsewhere in the specimen.

Pathological analysis

The selection of cases for the study was pri-
marily based on morphologic criteria for the
diagnosis of CrP4 as outlined in the 2014
modified ISUP Gleason grading system [20]. In
addition, some cases represented a spectrum
of possible CrP4 not included in the 2014 sys-
tem that may prompt consideration for CrP4.
Such lesions included variably sized PCa
glands exhibiting “glomeruloid-like” morpholo-
gy, with intraluminal cellular proliferation with
a variable number of attachments to the peri-
pheral layer of the gland, prominent mucinous
features (specifically mucinous fibroplasia,
mucin extravasation, or extracellular mucin
pool), cribriform-like morphology with a central
nerve, poorly formed “rosette-like” formations
without clear lumina, papillae with fibrovascu-
lar cores, and complex fused glands. These
cases were selected to represent a wide range
of lesions from unequivocal CrP4 to those with
overlapping morphology between CrP4 and
non-cribriform pattern 4, pattern 3, or 5. A
representative example of classic and other
potential CrP4 spectrums is illustrated in
Figures 1-4.

Each image was independently assessed for
the following 11 objectively defined morpho-
logic features by 2 authors (R.B.S. and M.Z.):
partial glandular bridging defined as cellular
column/trabeculae projecting into, but not
completely spanning the glandular lumen vs.
transluminal bridging where cellular column/
trabeculae span glandular lumen completely; a
majority of intraglandular cells are in contact
with stroma vs. a majority of intraglandular
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Figure 2. (A, B) Examples of unusual morphologic patterns that achieved
consensus for CrP4. (A) An example of mucinous prostate adenocarcinoma
(PCa) showing multiple complex confluent nests with well-formed lumina
floating within pools of mucin. Seventy-four % of participants classified it
as large CrP4, 4% as small CrP4, and the remaining 22% as non-cribriform
pattern 4. (B) An example of dense transluminal proliferation with poorly
formed “rosette-like” multiple lumina. Seventy-eight % of participants clas-
sified this example as CrP4 and the remaining 22% as pattern 5 (A, B, He-
matoxylin and eosin, original magnification x10 (A and B)).

Figure 3. (A-D) Examples of lesions that achieved consensus against CrP4.
(A) Cancer glands showing loose cellular proliferation forming multiple in-
complete (partial) bridging. Ninety % of participants classified this lesion
as a non-cribriform pattern 4. (B) PCa exhibiting complex proliferation of
interconnecting tumor cells with well-formed slit-like lumina. However, the
majority of tumor cells are in contact with stroma of blood vessels, sug-
gestive of a papillary process. Ninety-six % of participants classified this
as a non-cribriform pattern 4. (C) Small to medium cancer glands showing
glomeruloid morphology (arrows). Intraluminal proliferation is attached to
the border of the gland with one attachment and a clear luminal space
along gland periphery occupies >50% of gland circumference. Ninety-three
% of participants classified this as an example of glomerulation pattern 4.
(D) PCa with intraluminal mucinous fibroplasia (arrows), creating a complex
architecture mimicking CrP4. 96% classified it as either pattern 3 (63%)
or as non-cribriform pattern 4 (33%) (A-D, Hematoxylin, and eosin, original
maghnification x4 (A) and x10 (B-D)).

cells are not in contact with stroma; the num-
ber of lumina <12 vs. 212; well-formed lumina
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defined as “punched out”,
well-defined luminal spaces
vs. poorly formed lumina with
rudimentary luminal formation
lacking a “punched out”, well-
defined luminal spaces; pres-
ence of intra- or extraglandu-
lar mucin characterized by
either mucinous fibroplasia
forming intraluminal eosino-
philic nodules or aggregates,
extravasated pattern charac-
terized by extraglandular mu-
cin rupture or extracellular
pools of mucin vs. lack of
intra- or extraglandular mucin;
size in comparison to adjacent
benign glands and based on
number of lumens; one at-
tachment to the gland border
by tumor cells forming a “glo-
meruloid-like” pattern vs. >1
attachments to the gland bor-
der by tumor cells forming a
“glomeruloid-like” pattern; a
clear luminal space along the
periphery of gland occupying
<50% of glandular circumfer-
ence vs. a clear luminal space
along the periphery of gland
occupying >50% of glandular
circumference; presence of
nerve in the middle or
surrounded by cribriform-like
glands; cellular proliferation
defined as dense when cel-
lular mass is 250% and lumi-
nal space <50% of gland and
loose when cellular mass is
<50% and luminal space is
>50% of gland; and contour
defined as regular when
smooth and round without
branching vs. irregular when
not round and branching. As
previously reported, cancer
glands with a diameter of at
least twice the size of the
adjacent benign gland and/or
>12 lumina were classified as
large glands [6, 21]. A repre-
sentative example of morpho-
logical description utilized to

classify these 60 images is illustrated in
Figures 1-4.
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Figure 4. (A-C) Examples that did not achieve con-
sensus for or against Crp4. (A) A PCa showing large
gland “glomeruloid-like” architecture. There are mul-
tiple attachments to the gland border and a clear
luminal space along the periphery occupy >50% of
gland circumference. Fifty-two % of participants clas-
sified it as large CrP4, 11% as small CrP4, and 37%
as glomerulation pattern 4. (B) A PCa forms complex
dense cellular proliferation with multiple well-formed
lumina around the nerve. Thirty-three % participants
classified it as small CrP4, 26% large CrP4, 26% non-
cribriform pattern 4 and 15% pattern 3. (C) A PCa
with mucin extravasation. Sixty-three % of partici-
pants classified it as non-cribriform pattern 4, 11%
as large CrP4, 22% as small CrP4, and 4% as pattern
3 (A-C, Hematoxylin, and eosin, original magnifica-
tion x10 (A) and %20 (B, C)).

For all RP cases, the assessment of GG, extra-
prostatic extension (EPE), seminal vesicle inva-
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sion (SVI), lymph node metastasis, adverse
pathological features (specifically IDC-P), and
pathological stage (pT) were documented. For
the purpose of the study, adverse pathology
was defined as the presence of any of these
features in RP: GG =3, IDC-P, extraprostatic
extension (pT3a), seminal vesicle invasion
(pT3b), or lymph node metastasis.

Statistical analysis

Interobserver reproducibility for overall and
size-based subpattern (small vs. large CrP4)
was assessed using Fleiss’s kappa. The statis-
tical significance of Kappa value is defined as
<0.2 (poor), 0.21-0.4 (fair), 0.41-0.60 (moder-
ate), 0.61-0.80 (good) and 0.81-1.0 (very
good). A consensus was defined as at least
20/27 (75%) of participants agreed on whe-
ther CrP4 was present or not. Fisher exact test
was performed to evaluate the association
between morphologic features and the con-
sensus results, as well as the correlation of
consensus results with adverse pathologic
features at RP. The value of p<0.05 was con-
sidered statistically significant.

Results
Practice pattern-based survey questions

The mean years of experience of urologic pa-
thology practice including fellowship training
for 27 urologic pathologist participants were
21 (range, 2-40 years). The majority (78%) of
participants indicated that they routinely re-
port the presence or absence of CrP4 in biopsy
and RP specimens. However, only 26% indicat-
ed that they distinguish between small vs.
large CrP4. Two participants (8%) reported only
the presence of large CrP4 and do not mention
it when absent. The responses were variable
regarding the definition/criteria used to classify
small vs. large CrP4. Twenty-six % of partici-
pants used the size of the cribriform gland
twice that of the adjacent benign gland, 19%
used 212 lumens, 2 (8%) used a combination
of both, 1 (4%) used the size of cribriform gland
greater than the largest benign gland, 1 (4%)
used the size of cribriform >0.5 mm, and 1
(4%) used the longest cross-section distance
>0.25 mm as criteria for large CrP4. Twenty-
six % did not use any specific criteria to distin-
guish small vs. large CrP4. Four (16%) partici-
pants indicated that there are no compelling
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Table 1. Consensus classification of 60 images
among 27 participants

Consensus diagnosis Consensus/total number (%)

For Cribriform 24/60 (40%)
100% agreement 5
>75% agreement 24

Against cribriform 12/60 (20%)
100% agreement 2
>75% agreement 12

No consensus 24/60 (40%)

data to suggest the importance of separating
small CrP4 from large CrPA4. Finally, 48% of par-
ticipants reported CrP4 even when pattern 5 is
present and 48% did not report the CrP4 when
pattern 5 is present.

Interobserver agreement (k) for diagnosis of
CrP4

The overall agreement for all 60 images was
fair (k=0.40). Large CrP4 had better reproduc-
ibility (moderate, k=0.49) than small CrP4 (fair,
k=0.40).

Consensus diagnosis for and against CrP4

Table 1 summarizes the consensus diagnosis
of 60 images. A consensus diagnosis was rea-
ched when 75% of participants agreed on a
diagnosis. Twenty-four (40%) images reached a
consensus for CrP4 diagnosis, of which 5 had
100% agreement. Twelve (20%) images had a
consensus against CrP4 diagnosis, of which, 2
had 100% agreement. Twenty-four (40%) imag-
es did not reach a consensus for or against the
CrP4 classification (no consensus).

Correlation of histologic features with consen-
sus diagnoses

Table 2 shows the correlation of 11 morpho-
logic features with consensus diagnosis for
CrP4, against CrP4 and no consensus. The
presence of the following 5 morphologic fea-
tures was significantly associated with a con-
sensus diagnosis for CrP4: transluminal bridg-
ing, dense cellular proliferation, a clear luminal
space along the periphery of gland occupying
<50% of the glandular circumference, lack of
intraglandular mucin, and the majority of intra-
glandular cells lacking contact with the stroma
(P<0.05). In contrast, the following morpholo-
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gic features were associated with the consen-
sus against CrP4: partial bridging, majority of
intraglandular cells in contact with stroma,
mucinous fibroplasia, only one attachment to
the gland border by tumor cells forming a “glo-
meruloid-like” pattern, and a clear luminal
space along the periphery of gland accounting
for >50% of the glandular circumference
(P<0.05). Histological features that are “diag-
nostic of” and “against” CrP4 classification are
summarized in Table 3. Representative exam-
ples of the morphologic features that achieved
consensus for CrP4 are illustrated in Figure
1A-C and some unusual morphologic patterns
that achieved consensus for CrP4 are illustrat-
ed in Figure 2A, 2B. Representative examples
of the morphologic features that achieved con-
sensus against CrP4 are illustrated in Figure
3A-D and examples of the features that did
not achieve consensus for or against CrP4 are
illustrated in Figure 4A-C.

Correlation of adverse pathologic features at
radical prostatectomy with consensus diagno-
sis

Table 4 shows the correlation of the adverse
pathological features at RP with the consen-
sus diagnosis for CrP4 compared to the con-
sensus diagnosis against CrP4. CrP4 with con-
sensus cases had significantly higher GG =3
(79% vs. 33%), presence of intraductal carci-
noma (83% vs. 25%), and pT3a/T3b stage
(71% vs. 17%) (P<0.05). The presence of lymph
node metastasis (25% vs. 0%) reached margin-
al significance.

Discussion

A growing body of evidence suggests that crib-
riform morphology may potentially affect clini-
cal decision-making in PCa management. van
Leenders et al. have recently proposed signifi-
cant modification to the Gleason system by
incorporating cribriform morphology to improve
its prognostic utility [22]. In the current study,
nearly 85% of participants indicated that they
routinely report the presence or absence of
CrP4 in prostate biopsies and RP specimens,
indicating an acceptance of CrP4 as an adver-
se pathological feature that should be report-
ed. Using any morphological marker for impor-
tant clinical decision-making requires that its
diagnosis should be reproducible among path-
ologists. The overall interobserver agreement

Am J Cancer Res 2021;11(8):3990-4001



Diagnosis of cribriform prostate cancer

Table 2. Correlation of morphologic features with consensus diagnosis

Morphological features Consensus for cribriform _ Cpnsensus against No consensus
(n=24) # (%), p cribriform (n=12) # (%), p (n=24) # (%)
Glandular bridging
Transluminal 24 (100), 0.0001 2(17) 18 (75)
Partial 0 10 (83), 0.00001 6 (25)
Majority of intraglandular cells in contact with stroma
No 24 (100), 0.0001 4(33) 16 (67)
Yes 0 8(67),0.0014 8(33)
Number of lumina
<12 10 (42) 9 (75) 13 (55)
>12 14 (58), 0.1886 3(25),0.1155 11 (45)
Lumina
Well-formed 22 (92), 0.0563 8(67) 17 (71)
Poorly formed 2(8) 4(33),0.2711 7 (29)
Mucin
No 23 (96), 0.0401 9 (75), 0.4027 18 (75)
Fibroplasia 0 (0) 3(25), 0.00064 0(0)
Extravasation 0 (0) 0(0) 6 (25)
Pools 1(4) 0(0) 0(0)
Size
Twice benign glands
Small 7 (29), 0.5822 6 (50) 8(33)
Large 17 (71) 6 (50), 0.3118 16 (67)
Number of lumina
Small 10 (42), 0.1886 9(75) 13 (54)
Large 14 (58) 3(25),0.1155 11 (46)
Contact of intraluminal cells with gland periphery
1 attachment 0(0), 0.5119 2 (17) 0
>1 attachment 24 (100) 10 (83), 0.0373 24 (100)
Luminal space at gland periphery occupies
<50% circumference 24 (100), 0.000001 1(8) 12 (50)
>50% circumference 0 11 (92), 0.000 12 (50)
Central nerve
Not present 24 (100), 0.0768 11 (92) 20 (83)
Present 0 1(8),1 4.(17)
Cellular proliferation
Dense 21 (87), 0.0023 2(17) 15 (63)
Loose 3(13) 10 (83), 0.0003 9 (37)
Contour
Regular 15 (63), 1 4(33) 18 (75)
Irregular 9(37) 8(67),0.0436 6 (25)

for a diagnosis of CrP4 by a group of urological
pathologists was only fair (k=0.40), which is
lower than the reproducibility (53-79%) report-
ed by earlier studies [19], due to the inclusion
in this study of more difficult cases. Neverthe-
less, it suggests that there is significant inter-
pretational disagreement in diagnosing cribri-
form PCa. To address these issues, we corre-
lated various morphologic features of CrP4
with consensus diagnosis, attempting to ex-
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tract the key morphological features that uro-
logic pathologists rely on to diagnose or rule
out CrP4.

Cribriform cancer pattern is defined as sheets
of tumor cells that form cohesively rounded or
irregularly shaped trabeculae with perforations
or multiple “punched out” lumina. Cribriform
glands may be spherical or oblong and may
sometimes have irregular borders [1]. However,

Am J Cancer Res 2021;11(8):3990-4001
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Table 3. Histologic features that are “diagnostic of” and “against” cribriform prostate adenocarcinoma

For Cribriform Against Cribriform
-Transluminal bridging -Partial bridging

-Majority of intraglandular cells are not in contact with  -Majority of intraglandular cells are in contact with
stroma stroma

-Lack of intraglandular mucin -Presence of mucinous fibroplasia
-A clear luminal space along the periphery of the gland  -Single attachment to gland border by tumor cells
accounting for <50% of the gland circumference forming “glomeruloid-like” pattern

-Dense cellular proliferation -A clear luminal space along the periphery of the gland
accounting for >50% of the gland circumference

Table 4. Association of cribriform lesions with consensus with adverse pathology features at radical

prostatectomy

Pathologic outcome

Consensus for Cribriform # (%)

Consensus Against Cribriform # (%)

Grade group >3
Presence of IDC-P
pT3a/pT3b

Lymph node metastasis

19/24 (79%)"

20/24 (83%)"
17/24 (T1%)"
6/24 (25%)

4/12 (33%)"
3/12 (25%)"
2/12 (17%

0/12 (0%

*

)
)

IDC-P: intraductal carcinoma of the prostate, “P<0.05.

this definition does not provide clear guidance
regarding how to differentiate CrP4 from com-
plex fused glands, complex glands with papil-
lary proliferation or partial bridging, complex
glomeruloid-like growth pattern, or PCa exhibit-
ing complex cribriform-like morphology but with
intra- or extraglandular mucin. In order to pro-
vide guidance regarding these issues, there
have been recent attempts to improve the his-
tological definition of the cribriform gland, spe-
cifically pertaining to CrP4. Van Leenders et al.
proposed a definition of cribriform architecture
as an epithelial sheet in which the majority of
tumor cells do not contact the surrounding stro-
ma, with a gland-like space surrounding less
than half of the sheet circumference, and with
regular intercellular lumens clearly visible on
hematoxylin and eosin (H&E)-stained sections
[2]. Recently, van der Kwast et al. proposed a
consensus definition of CrP4 as “a confluent
sheet of contiguous malignant epithelial cells
with multiple glandular lumina that are easily
visible at low power. There should be no inter-
vening stroma or mucin separating individual or
fused glandular structures” [23]. To derive this
consensus definition, the Delphi method was
applied among the 12 panelists on a set of 32
images during 2 initial rounds of the study.
Using the same set of 32 images, in a subse-
quent study they analyzed morphological fea-
tures to identify those that define the essence
of the CrP4 [24]. They found the presence of
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intervening stroma, mucin, predominant papil-
lary pattern, or an irregular outer boundary
detracted participants from calling CrP4 while
all consensus cases had =9 lumens.

Compared with the two aforementioned publi-
cations, this study has several important differ-
ences and strengths. First, more (27) patholo-
gists participated in this study, therefore, this
study represents a broader opinion of expert
urologic pathologists’ diagnostic criteria of crib-
riform lesions. Second, more images (60) with
a much broader morphological spectrum were
used to represent a wide range of lesions that
may be considered CrP4, from unequivocal
CrP4 to those with morphology overlapping
between CrP4 and non-cribriform pattern 4,
pattern 3, or 5. These lesions included variably
sized PCa glands exhibiting “glomeruloid-like”
morphology, those with intraluminal cellular
proliferation with a variable number of attach-
ments to the peripheral layer of the gland,
prominent mucinous features (specifically
mucinous fibroplasia, mucin extravasation, or
extracellular mucin pool), cribriform-like mor-
phology with a central nerve, poorly formed
“rosette-like” formations without clear lumina,
papillae with fibrovascular cores, and complex
fused glands (Figures 1-4). Third, more mor-
phological features were investigated to identi-
fy that were associated with consensus for and
against CrP4 diagnosis, including those that
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were not addressed by the ISUP study, such as
glandular bridging (transluminal vs. partial),
number of contacts of intraluminal cells with
gland periphery, whether peripheral luminal
space occupies more or less than 50% of glan-
dular circumference and whether a nerve was
present within the cribriform lesions. In addi-
tion to following two morphological features: a
lack of contact of the intraglandular cells with
stroma and lack of intraglandular mucin, we
found that transluminal bridging and a clear
luminal space along the periphery of the gland
accounting for <50% of the glandular circum-
ference were two additional important criteria
for CrP4 diagnosis (Figures 1 and 2). Speci-
fically, all cases that reached consensus for
CrP4 demonstrated transluminal bridging, a
lack of contact of the intraglandular cells with
stroma and a clear luminal space along the
periphery of the gland accounting for <60% of
the glandular circumference. These features
are not new diagnostic criteria for CrP4; rather
they identify a group of cribriform lesions that
have achieved consensus among GU patholo-
gists. Importantly, we also identified diagnostic
features that were associated with the consen-
sus against CrP4: partial bridging, a majority of
intraglandular cells in contact with the stroma,
mucinous fibroplasia, only one attachment of
tumor cells to gland border for “glomeruloid-
like” proliferation, and a clear luminal space
along the periphery of gland accounting for
>50% of the glandular circumference (Figure
3). Two cases showing partial bridging were
diagnosed as “against CrP4”, and all 3 cases
exhibiting complex mucinous fibroplasia also
reached a consensus against CrP4 (Figure 3).
Therefore, our study not only attempts to
address issues pertaining to the definition but
also for interpretation aspects of CrP4. We
show that the diagnosis of CrP4 is not only
based on the presence of the classic de-
finitional features of the CrP4 diagnosis but
importantly depends on ruling out features
against the CrP4 diagnosis. One may still clas-
sify a lesion as CrP4 if all five morphological
features associated with CrP4 consensus are
not present as long as it lacks features against
CrP4 consensus diagnosis.

In some studies, CrP4 has been divided into
small and/or large CrP4, based on its size in
relation to adjacent benign glands, the number
of lumina, and the greatest cross-sectional
diameter [6, 21, 25]. Specifically, a cribriform
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gland twice the size of the adjacent benign
glands and exhibiting >12 lumina has been
proposed as large CrP4 [6, 21]. Hollemans
et al. used a criterion of twice the size of the
diameter of adjacent benign glands and dem-
onstrated that, in a multivariable analysis, only
large CrP4 was an independent predictive fac-
tor for biochemical recurrence-free survival in
GG 2 patients [21]. However, most studies,
when assessing for outcomes associations,
have either not differentiated CrP4 based on
size, or have utilized varying definitions for the
size cut-off. In this study, we showed that large
CrP4 had a better agreement (k=0.49) com-
pared with small CrP4 (k=0.40). However, we
found that the size of CrP4, when compared
with the adjacent benign glands, or defined
based on the number of lumina, was not asso-
ciated with a consensus diagnosis for CrP4 or
non-CrP4. This is further evident from the vari-
able responses on this issue as only 26% of
participants indicated that they routinely dis-
tinguish between small vs. large CrP4. For
these reasons, in our opinion, routine report-
ing of CrP4 as two separate categories (large
or small) requires additional studies demon-
strating its value of such division.

We have also demonstrated that for certain
PCa morphologic patterns, there remains con-
siderable diagnostic variability among experts.
Examples in this category included variably
sized “glomeruloid-like” PCa glands with more
than one point of attachment to gland peri-
phery, complex cribriform-like proliferation
around nerve and PCa with extravasated
mucin imparting complex patterns (Figure 4).
The glomeruloid pattern has been defined as
dilated cancer glands of variable size, with a
cellular mass protruding into the lumen yet not
attaching to the opposite side of the gland wall
(one attachment to gland periphery), superfi-
cially resembling a glomerulus [20]. Notably,
because of its resemblance to the cribriform
pattern, particularly when the gland is large,
some have suggested that a glomeruloid pat-
tern may represent an early stage of cribriform
cancer [26]. However, subsequent studies
have suggested that a glomeruloid pattern,
regardless of size, has outcome associations
intermediate between pattern 3 and CrP4 [4,
5, 7]. For this “glomeruloid-like” category, two
examples with a single attachment of tumor
cells to the gland periphery were uniformly
associated with consensus for a glomeruloid
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pattern 4 but for 9 lesions (two classified as
small gland and 7 as large glands) showing
multiple contacts to the gland border had no
consensus for CrP4 vs. non-cribriform pattern
4 diagnosis (Figure 4A). In a significant num-
ber of these lesions (89%), a clear luminal
space along the periphery of the gland that
occupied >50% of the glandular circumference
was present, a feature that in this study was
correlated “against CrP4” consensus diag-
nosis (Figure 4A). Another significant area of
diagnostic variability was the presence of a
nerve in the center of the PCa glands showing
complex architecture that resembles CrP4
(Figure 4B). Of 5 such examples, one case
reached a consensus for Gleason pattern 3,
while the remaining 4 cases had no consen-
sus. Interestingly, two participants indicated
that they do not grade components of PCa in
regions of perineural invasion. Traditionally,
some experts have cautioned against over-
grading when the tumor is present around the
nerve and recommend a conservative app-
roach, particularly in needle biopsy. One case
had all and remaining 3 had variable of five
diagnostic features of CrP4. Importantly, all
lacked features that were associated against
CrP4 diagnosis, arguing that CrP4 can be
encountered around nerve. Finally, all 6 cases
of PCa exhibiting mucin extravasation had no
consensus classification (Figure 4C). It is well
known that PCas with extracellular mucin, ex-
travasated mucin, and/or fibroplasia may rep-
resent patterns 3 or 4, dependent upon the
complexity of the glandular structures, and the
overall grade of these lesions should be based
on the underlying architecture [20]. Interest-
ingly, the one included example of PCa with
cribriform architecture embedded in extracel-
lular mucin pools did reach consensus for CrP4
(Figure 2A). This finding is similar to the archi-
tectural pattern described by McKenney et al.,
which they termed “mucinous adenocarcinoma
with marked epithelial complexity, either solid
or complex confluent cribriform” [7]. In their
study, this specific mucin pattern was associ-
ated with aggressive outcomes, compared to
other mucin patterns which tend to have better
outcomes [7, 20].

The current study has a few limitations. First,
the study was conducted using prospectively
collected cases and was enriched for difficult-
to-classify cases, which may not represent the
routine morphologic spectrum of CrP4. Like-
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wise, the survey did not address the issue of
extent of CrP4, which may potentially influen-
ce outcomes. Despite these limitations, this
study showed that certain morphologic fea-
tures are quite reproducible for the diagnosis
of CrP4 and may be used to establish consen-
sus diagnostic criteria for CrP4. The recom-
mendations from this study are provided in
Table 3. We also found that there is consider-
able overlap between the spectrum of CrP4
within certain morphologic patterns with the
potential for over-grading or diagnosing CrP4.
Finally, further validation of our proposed diag-
nostic criteria for CrP4 with cases that are
annotated with clinical outcome data would be
desirable.

In summary, we have demonstrated only fair
diagnostic agreement amongst urologic pa-
thologists for CrP4 diagnosis, suggesting a
need for standardization of diagnostic criteria.
We identified the following morphologic fea-
tures associated with consensus CrP4 diagno-
sis: “a dense sheet of tumor cells forming mul-
tiple lumens with transluminal bridging, impart-
ing a “sieve-like” architecture, in which a major-
ity of intraglandular cells are not in direct con-
tact with stroma or mucin, and a clear luminal
space along the periphery of gland accounts
for <60% of the glandular circumference”. We
hope that these suggestions will represent a
step toward standardization of prostate cancer
grading based on reproducible morphologic
features.
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