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Abstract
Glomeruloid architecture is the least common Gleason 4 growth pattern in prostate adenocarcinoma. Its clinicopathological
features and relation with cribriform architecture, which has been recognized as an adverse feature, remains to be established.
Our objective was to investigate clinicopathological features of glomeruloid architecture in radical prostatectomies. We reviewed
1064 radical prostatectomy specimens and recorded Grade Group, pT-stage, margin status, Gleason pattern percentages, and
growth patterns. Simple and complex glomerulations were distinguished by gland size and intraluminal cribriform protrusions.
Clinical endpoint was biochemical recurrence-free survival. Glomerulations were identified in 365 (34%) specimens. In 472
Grade Group 2 patients, 210 (44%) had simple and 92 (19%) complex glomerulations. Complex glomerulations coincided with
cribriform architecture more often than simple glomerulations (67% versus 52%; P= 0.01). Men with simple glomerulations had
significantly lower prostate specific antigen (PSA) levels (9.7 versus 12.1 ng/ml; P= 0.03), percentage Gleason pattern 4 (19%
versus 25%; P= 0.001), extra-prostatic extension (34% versus 50%; P= 0.01), and positive surgical margins (25% versus 39%;
P= 0.04) than those with cribriform architecture. Extra-prostatic extension (37%) and positive surgical margins (30%) in
men with complex glomerulations resembled those with simple glomeruloid rather than those with cribriform architecture.
In multivariate Cox regression analysis adjusted for PSA, pT-stage, margin status, and lymph node metastases, cribriform
architecture had independent predictive value for biochemical recurrence-free survival (hazard ratio (HR)) 1.9; 95% confidence
interval (CI) 1.2–2.9; P= 0.004), while simple (HR 0.8; 95% CI 0.5–1.2; P= 0.26) and complex (HR 0.9; 95% CI 0.5–1.6; P=
0.67) glomerulations did not. Both simple and complex glomeruloid architecture are associated with better outcome than
cribriform architecture in Grade Group 2 prostate cancer patients. Therefore, glomeruloid pattern and particularly complex
glomerulations should not be classified as a cribriform growth pattern variant in radical prostatectomy specimens.

Introduction

The Gleason score and Grade Group are the most important
parameters for clinical outcome in prostate cancer patients

[1, 2]. Gleason pattern 4 is a heterogeneous group of growth
patterns including poorly formed, fused, glomeruloid and
cribriform structures. The clinical importance of cribriform
architecture in prostate cancer has been well established in
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recent years, as it is independently associated with disease
progression and disease-specific death [3–9]. Glomeruloid
growth pattern consists of dilated malignant glands with
intraluminal cribriform protrusions, attached to one side of
the gland wall, resembling a renal glomerulus [2]. Pacelli
et al. first described this growth pattern in relation to tumor
grade and stage [10]. Cribriform and glomeruloid growth
patterns are often observed together and some have hypo-
thesized that glomeruloid morphology might be a precursor
of cribriform architecture [11, 12]. However, more recent
studies indicate that glomeruloid pattern is associated with
beneficial histopathological features and longer biochemical
recurrence-free survival among Gleason score 7 prostate
cancer patients [6, 13].

Interobserver studies have shown that glomeruloid
architecture is one of the most reproducible growth patterns
in prostate cancer grading [14, 15]. While interobserver
agreement is excellent for small glomeruloid protrusions, no
consensus exists on the classification of large glomeruloid
structures as either glomeruloid or cribriform growth pattern
[15]. Since some institutes use cribriform architecture as
threshold for active surveillance in Grade Group 2 prostate
cancer, distinction between glomeruloid and cribriform
growth patterns might have major implications for patient
management. Therefore, the aim of this study was to
investigate the clinicopathological features and biochemical
recurrence-free survival of prostate cancer patients with
glomeruloid growth pattern who had undergone radical
prostatectomy.

Methods

Patient selection

Patients who had undergone radical prostatectomy for
prostate adenocarcinoma in three medical centers in The
Netherlands between 2000 and 2017 were included in this
study. In total, 854 patients were operated at Erasmus
MC, University Medical Center, Rotterdam. In addition,
patients from Leiden University Medical Center, Leiden
(n= 96), and the Netherlands Cancer Institute, Amster-
dam (n= 137) were selected for high-grade morphology
(Grade Groups 3–5). We excluded men who had under-
gone hormonal, radiation, or viral therapy (n= 23)
prior to operation [16]. Radical prostatectomy specimens
were fixed in neutral-buffered formalin, after which
they were sectioned transversely and completely embed-
ded for diagnostic evaluation. All slides were available
for pathology review. This study was approved by
the institutional Medical Research Ethics Committee
(MEC-2018–1614).

Pathologic evaluation

Radical prostatectomy specimens were reviewed by two
investigators (EH, GJLHvL) in common sessions, blinded
to clinical outcome. For each specimen the following
features were recorded: Gleason score and Grade Group
according to the World Health Organization and Interna-
tional Society of Urological Pathology (ISUP) 2014
guidelines, pT-stage according to the American Joint
Committee on Cancer TNM 8th edition, surgical margin
status, presence of individual growth patterns and intra-
ductal carcinoma, and percentage of Gleason pattern 4
and 5 [2, 17]. The following Gleason 4 growth patterns
were recognized: poorly formed, fused, glomeruloid, and
cribriform glands [2, 18]. Furthermore, we distinguished
two subgroups of glomeruloid growth pattern based on the
architecture of intraluminal protrusions (Fig. 1). Simple
glomeruloid architecture was defined as malignant glands
with small to medium-sized solid intraluminal cell clusters
with unilocular connection to the gland wall. Complex
glomeruloid growth pattern had medium to large-sized
intraluminal cribriform protrusions with unilocular
connection to the gland wall; in some cases the gland
wall connection was more extensive. The distinction
between glomeruloid and cribriform architecture was
arbitrarily made by the extent of gland wall connection,
which occupied at least half of the inner glandular
surface in cribriform growth and less than half in the
glomeruloid pattern. In addition, we distinguished small
and large cribriform growth patterns, the latter being
defined as cribriform structures with a diameter more
than twice the size of adjacent benign glands. Invasive
cribriform Gleason pattern 4 was morphologically
distinguished from intraductal carcinoma based on the
following features: invasive cribriform prostate cancer
had an irregular outline, interconnecting fields beyond
preexistent gland architecture, or extension into extra-
prostatic tissue. Intraductal carcinoma was morphologi-
cally identified if cribriform structures were continuous
with preexistent glands or contained corpora amylacea.
If invasive cribriform carcinoma and intraductal carci-
noma could not be distinguished by morphological criteria
alone, additional basal cell immunohistochemistry was
performed. Cribriform glands completely lacking basal
cell staining were categorized as invasive cribriform car-
cinoma. If basal cells were present sporadically, scattered,
or continuously, the cribriform structures were classified
as intraductal carcinoma. Gleason pattern 5 was con-
sidered as a tertiary pattern if it occupied less than 5%
of the total tumor area [2, 18, 19]. Intraductal carcinoma
and tertiary patterns were not incorporated in the Gleason
score.
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Clinical follow-up

Postoperative clinical follow-up consisted of six-
monthly, and later annual monitoring of serum prostate
specific antigen (PSA) levels. Biochemical recurrence
was defined as PSA levels ≥0.2 ng/ml measured at two
consecutive points in time, at least 3 months apart with
undetectable PSA levels after operation, or as PSA
increase of >2.0 ng/ml when serum PSA had not declined
to zero after the operation. Postoperative lymph node and
distant metastases were confirmed by biopsy or multi-
disciplinary consensus.

Statistical analysis

Continuous variables with normal distribution were
analyzed using the independent sample Student’s t test.
Pearson’s chi squared (χ2) test was used for categorical
parameters. Missing PSA values (n= 27) were imputed
using the median PSA value. Biochemical recurrence-free
survival and metastasis-free survival were analyzed using
Cox proportional hazards regression and visualized by

Kaplan–Meier curves. Statistics were performed using SPSS
version 24 (IBM, Chicago, IL, USA). Results were con-
sidered significant when the two-sided P value was < 0.05.

Results

General patients characteristics

The cohort consisted of 1064 men with a median age of 65
years (interquartile range (IQR) 60–68) and median serum
PSA level of 8.3 ng/ml (IQR 6.0–13.2). Median follow-up
was 61 months (IQR 20–104). The cohort included 207
(20%) men with Grade Group 1, 472 (44%) with Grade
Group 2, 126 (12%) with Grade Group 3, 140 (13%) with
Grade Group 4, and 119 (11%) with Grade Group 5 prostate
cancer. Pathological stage was distributed as follows: 582
(55%) pT2, 334 (31%) pT3a, 145 (14%) pT3b, and 3
(0.3%) pT4 tumors. Surgical margins were positive in 389
(37%) patients. Pelvic lymph node dissection was per-
formed in 664 (62%) patients, of whom 64 (10%) had
lymph node metastases.

Fig. 1 Gleason grade 4
cribriform and glomeruloid
growth patterns. a Simple
glomeruloid architecture with
intraluminal cell clusters, 10×.
b Complex glomeruloid
architecture with large
cribriform proliferations
protruding into the lumen, 5×.
c Simple glomeruloid
architecture with vacuolated
cytoplasm, therefore not
classified as complex
glomeruloid architecture, 20×.
d Complex glomeruloid
architecture (asterisk) based on a
gland wall connection that
occupies less than half of the
inner gland surface, and simple
glomeruloid architecture
(arrows) with a small
intraluminal protrusion, 15×.
e Small invasive cribriform
carcinoma, 10×. f Large invasive
cribriform carcinoma showing
expansive confluent fields, 5×.
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Gleason 4 growth patterns

Poorly formed and fused glands were observed in 691
(65%) and 613 (58%) men, respectively. Invasive cribri-
form pattern was present in 519 (49%) men, 189 (18%) of
whom had large expansive growth. Intraductal carcinoma
was identified in 314 (30%) specimens. In total, 569 (54%)
men had invasive cribriform and/or intraductal carcinoma,
190 (33%) of whom had large invasive cribriform growth.
Glomeruloid growth was the least frequent Gleason 4 pat-
tern, being present in 365 (34%) men. It was the single
Gleason 4 pattern in only 10 (1%) men. Simple glomeruloid
glands were present in 352 (33%) men and complex
glomeruloid glands in 154 (15%) men. Among patients with
glomeruloid architecture, 211 (58%) had simple glomer-
ulations only, 13 (4%) had complex glomerulations only,
and 141 (38%) had both simple and complex glomeruloid
glands. Simple and complex glomeruloid patterns had
concomitant invasive and/or intraductal cribriform carci-
noma in 128/211 (61%) and 121/154 (79%) cases (P <
0.001), respectively. Complex glomeruloid growth did not
coincide more often with large compared with small cri-
briform growth (P= 0.26).

Simple glomerulations were present in 212 (45%) Grade
Group 2, 56 (44%) Grade Group 3, 47 (34%) Grade Group
4, and 28 (24%) Grade Group 5 tumors. In 9 (4%) men with
Grade Group 1 tumors, simple glomerulations were present
as tertiary Gleason pattern 4. Complex glomerulations were
observed in 92 (19%) men with Grade Group 2, 34 (27%)
with Grade Group 3, 15 (11%) with Grade Group 4, and 13
(11%) with Grade Group 5 tumors. In none of the cases
with Grade Group 1, complex glomerulations were present
as tertiary pattern. Simple and complex glomerulations were
observed significantly more often in Grade Groups 2 and
3 patients compared with Grade Groups 4 and 5 patients
(P= 0.05).

Glomeruloid architecture in Grade Group 2 prostate
cancer

Since clinical impact of glomeruloid growth pattern classi-
fication is most relevant for Grade Group 2 prostate cancer
patients, we performed further analyses in this subpopula-
tion of 472 men. Of these, 216 (46%) had glomerulations:
212 (45%) had simple and 92 (20%) complex glomeruloid
structures. Simple glomerulations only were present in 124
(57%) men, complex glomerulations only in 4 (2%) men,
and both patterns occurred concurrently in 88 (41%) cases.
Invasive and/or intraductal cribriform carcinoma was pre-
sent in 252 (53%) men with Grade Group 2 prostate cancer,
34 (13%) of whom had large invasive cribriform carcinoma.
Glomeruloid architecture was associated with presence
of invasive and/or intraductal cribriform carcinoma, as

126/216 (58%) men with glomerulations had coexistent
cribriform architecture compared with 126/256 (49%) men
without glomerulations (P= 0.05). Complex glomeruloid
structures (62/92, 67%) were more frequently concomitant
with invasive and/or intraductal cribriform carcinoma than
simple glomerulations (64/124, 52%, P= 0.01).

Further analyses on glomeruloid and cribriform growth
patterns were performed in four subgroups (Table 1), to
investigate the relation between glomeruloid and cribriform
architecture. These subgroups consisted of men with neither
glomeruloid nor cribriform architecture, thus with poorly
formed and fused glands only (n= 130, group A), men with
simple glomeruloid pattern without complex and/or cribri-
form architecture (n= 60, group B), men with complex
glomeruloid pattern without invasive and/or intraductal
cribriform carcinoma (n= 30, group C), and men with
invasive and/or intraductal cribriform carcinoma regardless
of presence of glomerulations (n= 252, group D). Patients
with invasive cribriform and/or intraductal carcinoma
(group D) had significantly higher percentage Gleason
pattern 4 (25% versus 18%; P < 0.001), pT-stage (50%
versus 36% pT3; P= 0.003), and positive surgical margin
rates (39% versus 27%; P= 0.02) than those with poorly
formed and fused glands only (group A). Men with simple
glomerulations (group B) had similar PSA levels (9.7 versus
9.1 ng/ml; P= 0.6), percentage Gleason pattern 4 (19%
versus 18%; P= 0.6), pT-stage (34% versus 36% pT3; P=
0.8), and positive surgical margins (25% versus 27%; P=
0.7) to men with poorly formed and fused glands only
(group A). Compared with men with invasive cribriform
and/or intraductal carcinoma (group D), men with simple
glomerulations (group B) had significantly lower PSA
levels (9.7 versus 12.1 ng/ml; P= 0.03), percentage Glea-
son pattern 4 (19% versus 25%; P= 0.001), pT-stage (34%
versus 50% pT3; P= 0.01), and positive surgical margins
(25% versus 39%; P= 0.04). Although men with complex
glomeruloid glands only (group C) had higher PSA levels
(13.1 versus 9.7 ng/ml; P= 0.05) than men with simple
glomeruloid growth pattern (group B), percentage Gleason
pattern 4 (20% versus 19%; P= 0.6), presence of tertiary
Gleason pattern 5 (both 10%; P= 1.0), pT-stage (37%
versus 34% pT3; P= 0.8), and surgical margin status (30%
versus 25%; P= 0.6) were similar. Patients with complex
glomeruloid glands (group C) had similar PSA levels (13.1
versus 12.1 ng/ml; P= 0.7) to those with invasive cribri-
form and/or intraductal carcinoma (group D), but its per-
centage Gleason pattern 4 was significantly lower (20%
versus 25%; P= 0.04). Although the complex glomeruloid
sample size (n= 30) was too low for reliable statistical
analysis, percentage of Gleason pattern 4, presence of ter-
tiary pattern 5, pT-stage, and positive surgical margin status
resembled simple glomerulations (group B) rather than
cribriform architecture (group D). Among patients with
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invasive and/or intraductal cribriform carcinoma (group D),
no significant differences were found in PSA, pT-stage,
percentage Gleason pattern 4, presence of tertiary Gleason
pattern 5, and surgical margin status between those with and
without glomeruloid architecture (data not shown).

Clinical outcome of Grade Group 2 patients

Median follow-up of Grade Group 2 patients was
57 months (IQR 14–99). Biochemical recurrence occurred
in 22/130 (17%) men with poorly formed and fused glands
only (group A), in 8/60 (13%) men with simple glomer-
ulations (group B), in 4/30 (13%) men with complex
glomerulations (group C), and in 73/252 (29%) men with
cribriform architecture (group D). Survival curves are
shown in Fig. 2. No statistically significant difference in
biochemical recurrence-free survival was found between
men with poorly formed and fused glands only (group A),
simple glomeruloid glands (group B), or complex glomer-
uloid glands (group C, log rank P= 0.38). Patients
with invasive and/or intraductal cribriform architecture
(group D) had significantly shorter biochemical recurrence-
free survival (log rank P < 0.001) than patients with simple
(group B, P= 0.006) and complex glomeruloid glands
(group C, P= 0.05).

Cox regression analysis showed that intraductal carci-
noma (hazard ratio (HR) 2.7, 95% confidence interval (CI)
1.8–4.0, P < 0.001), small invasive cribriform carcinoma
(HR 1.9, 95% CI 1.3–3.0, P= 0.002), and large invasive

cribriform carcinoma (HR 6.3, 95% CI 3.6–11.1, P < 0.001)
were associated with shorter biochemical recurrence-free
survival in univariate analysis (Table 2). Adjusted for PSA

Table 1 Clinicopathological
characteristics of Grade Group 2
prostate cancer patients
categorized for cribriform and/or
glomeruloid architecture: men
with neither glomeruloid nor
cribriform architecture (group
A), men with simple
glomeruloid pattern without
complex and/or cribriform
architecture (group B), men with
complex glomeruloid pattern
without invasive and/or
intraductal cribriform carcinoma
(group C), and men with
invasive and/or intraductal
cribriform carcinoma regardless
of presence of glomerulations
(group D).

Group A, n= 130 Group B, n= 60 Group C, n= 30 Group D, n= 252

Age 63.3 (64.1;
59.1–68.3)

63.4 (64.6;
59.0–69.1)

63.4 (63.6;
60.1–67.2)

64.2 (64.7;
60.3–67.9)

PSA 9.1 (7.6; 5.0–11.1) 9.7 (8.2; 6.2–11.0) 13.1 (9.3; 6.5–13.7) 12.1 (8.3; 6.3–13.5)

pT-stage

T2 83 (64%) 40 (66%) 19 (64%) 126 (50%)

T3a 43 (33%) 19 (32%) 10 (33%) 97 (38%)

T3b 4 (3%) 1 (2%) 1 (3%) 29 (12%)

Gleason pattern 4 (%) 18 (15; 10–26) 19 (15; 10–30) 20 (20; 10–30) 25 (25; 20–34)

Cribriform 0 0 0 223 (89%)

Fused 81 (62%) 42 (70%) 22 (73%) 180 (71%)

Ill-defined 103 (79%) 44 (73%) 19 (63%) 198 (79%)

Glomeruloid 0 60 (100%) 30 (100%) 126 (50%)

Simple 0 60 (100%) 28 (93%) 124 (49%)

Complex 0 0 30 (100%) 62 (25%)

Intraductal carcinoma 0 0 0 113 (45%)

Tertiary Gleason 5 13 (10%) 6 (10%) 3 (10%) 35 (14%)

Positive surgical margins 35 (27%) 15 (25%) 9 (30%) 97 (39%)

PLND 64 (49%) 22 (37%) 16 (53%) 160 (64%)

Lymph node metastasis 0 0 0 13 (5%)

Biochemical recurrence 22 (17%) 8 (13%) 4 (13%) 73 (29%)

Metastasis 0 0 0 17 (7%)

Disease-specific death 0 0 0 3 (1%)

Values denote either mean (median; IQR) or n (%).

Fig. 2 Biochemical recurrence-free survival in Grade Group 2
patients. Kaplan–Meier curves show biochemical recurrence-free sur-
vival in Grade Group 2 patients with cribriform and/or glomeruloid
architecture, stratified for subgroups: men with neither glomeruloid nor
cribriform architecture (group A), men with simple glomeruloid pattern
without complex and/or cribriform architecture (group B), men with
complex glomeruloid pattern without invasive and/or intraductal cribri-
form carcinoma (group C), and men with invasive and/or intraductal
cribriform carcinoma regardless of presence of glomerulations (group D).
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level, pT-stage, surgical margin, and pelvic lymph node
metastases, large invasive cribriform carcinoma remained
an independent predictor for biochemical recurrence (HR
3.8, 95% CI 2.1–6.8, P < 0.001) in multivariable analysis.
Simple (HR 0.8; 95% CI 0.6–1.4; P= 0.64) and complex
(HR 0.6; 95% CI 0.4–1.2; P= 0.19) glomeruloid growth
patterns were not associated with biochemical recurrence-
free survival in univariate or multivariable analysis.
Metastases (n= 17) and disease-specific death (n= 3) only
occurred in patients with presence of invasive cribriform
and/or intraductal carcinoma, and not in other subgroups.

Discussion

In this study we investigated the clinicopathological fea-
tures of glomeruloid Gleason pattern 4 architecture. Overall
glomeruloid architecture was present in 34% of radical
prostatectomy specimens. In Grade Group 2 patients, simple
glomeruloid was seen in 45% and complex glomeruloid
growth in 20% of men. Men with simple glomeruloid
glands only had similar clinicopathological characteristics
to those with poorly formed and fused glands. Although
patients with complex glomeruloid glands had higher PSA
levels than men with poorly formed, fused or simple

glomeruloid glands, no significant difference was observed
for pT-stage, percentage Gleason pattern 4, or biochemical
recurrence-free survival. Biochemical recurrence and
metastasis occurred significantly more often in patients with
invasive cribriform and/or intraductal carcinoma. Despite
their morphological resemblance, men with complex glo-
merulations had better outcome than those with cribriform
architecture. Therefore, complex glomeruloid pattern should
not be classified as a variant of the more aggressive cri-
briform growth pattern in radical prostatectomy specimens.

Pathological grading of the glomeruloid growth pattern
has been uncertain for a long time. At the 2005 ISUP
conference, no consensus was reached on grading glomer-
uloid pattern due to lack of scientific evidence for its
prognostic value [20]. Lotan and Epstein studied 45 prostate
cancer biopsies with glomeruloid features and found they
were surrounded by Gleason pattern 4 structures in 80% and
Gleason pattern 5 in 4% of cases [11]. The authors noted
that half of the glomeruloid structures were accompanied by
cribriform pattern, which is in concordance with our find-
ings. For this reason it was unanimously consented at the
2014 ISUP conference that glomeruloid glands should be
assigned Gleason pattern 4, regardless of morphology [2].

Since the increased awareness of the dismal outcome of
cribriform Gleason pattern 4, glomeruloid growth pattern
has also been included in clinicopathological studies.
Among 350 radical prostatectomies with Gleason score 7
prostate cancer, Choy et al. found that patients with glo-
meruloid pattern had improved 5-year biochemical
recurrence-free survival in multivariable analysis, but had
shorter survival than those with Gleason score 6 [13].
Glomeruloid growth pattern was associated with improved,
although not statistically significant, metastasis-free survival
of Gleason score 7 men in our previous radical prosta-
tectomy study [6]. However, both studies did not focus on
glomeruloid architecture specifically and were performed
on a Gleason score 7 cohort. The study of Kweldam et al.
had a case-control study design and used metastasis-free
survival as endpoint. We investigated glomeruloid archi-
tecture in a larger cohort of Grade Groups 1–5 prostate
cancer and distinguished simple and complex glomerula-
tions, which was not done in previous manuscripts. In the
current study, clinical outcome of patients with glomeruloid
architecture was better than of those with cribriform archi-
tecture, and did not differ from those with poorly formed
and fused glands only. Statistical analyses were hampered
by the fact that glomeruloid architecture is rarely observed
as single Gleason pattern 4, mostly coexisting with other
growth patterns.

Glomeruloid architecture is not a homogeneous Gleason
pattern 4 subgroup. As previously reported by Lotan
and Epstein, most glomerulations consisted of relatively
small dilated glands, but some contain larger glomeruloid

Table 2 Cox regression analysis for biochemical recurrence-free
survival in Grade Group 2 prostate cancer patients.

Univariate Multivariable

HR 95% CI P value HR 95% CI P value

PSA 1.03 1.01–1.04 <0.001 1.01 1.00–1.02 0.06

pT-stage

T2 ref ref

T3a 1.8 1.2–2.7 0.008 1.5 1.0–2.3 0.07

T3b 4.9 2.8–8.5 <0.001 1.9 1.0–3.7 0.07

Positive
surgical
margins

2.5 1.7–3.7 <0.001 2.4 1.6–3.7 <0.001

Pelvic lymph
node
metastases

15.2 7.6–30.3 <0.001 7.3 3.2–16.8 <0.001

Intraductal
carcinoma

2.7 1.8–4.0 <0.001 1.4 0.9–2.3 0.15

Invasive cribriform carcinoma

Small
cribriform

1.9 1.3–3.0 0.002 1.2 0.7–1.8 0.48

Large
cribriform

6.3 3.6–11.1 <0.001 3.8 2.1–6.8 <0.001

Glomeruloid growth pattern

Simple 0.8 0.5–1.2 0.20 0.8 0.6–1.4 0.64

Complex 1.0 0.6–1.6 0.86 0.6 0.4–1.2 0.19

HR hazard ratio, CI confidence interval.
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protrusions [11]. Furthermore, a subset of glomerulations
has fibrovascular cores. This is in line with three-
dimensional renderings of glomeruloid structures, which
revealed an interconnecting network of tubules resembling
Gleason pattern 3 glands with nodular epithelial prolifera-
tions near tubular branching points, or markedly curved
tubules with small fibrovascular cores [21]. While glomer-
uloid architecture is the most reproducible Gleason 4
growth pattern, interobserver variability exists for classify-
ing glomeruloid structures with larger intraluminal cribri-
form protrusions [15]. In this case, classification as either
glomeruloid or cribriform architecture is uncertain, because
the extent of cribriform intraluminal gland wall attachment
has not been defined. Among Grade Group 2 prostate
cancer patients, two-thirds of specimens with complex
glomeruloid pattern had concomitant cribriform pattern,
which might suggest that both patterns are related. Complex
cribriform pattern for instance could be a tangential sec-
tioning of cribriform architecture expanding into malignant
tubules or might represent a precursor lesion. While des-
ignation of these structures as either cribriform or glomer-
uloid does not have clinical relevance if they coexist with
cribriform architecture, their distinction might be important
in diagnostic biopsies without cribriform structures. Active
surveillance is mostly offered to men with biopsy Grade
Group 1 disease, but some surveillance protocols are
also including men with Grade Group 2 prostate cancer
without cribriform architecture and/or low Gleason pattern
4 percentages [22–27]. Therefore, classifying complex
glomeruloid structures might directly affect clinical
decision-making. Our current findings in radical prosta-
tectomy specimens indicate that men with complex glo-
meruloid structures without concomitant cribriform growth
have better outcome than those with cribriform architecture.
Therefore, at this moment insufficient evidence exists
for classifying complex glomeruloid pattern as cribriform
Gleason pattern 4.

The strong point of this study was the detailed histolo-
gical review of a large cohort of radical prostatectomy
specimens. In this study the distinction between glomer-
uloid and cribriform architecture was arbitrarily made by the
extent of gland wall connection, which occupied at least
half of the inner glandular surface in cribriform growth and
less in the glomeruloid pattern. No standard definition of
complex glomeruloid pattern has been formulated yet.
Therefore, it is important that future studies define the
morphological criteria for distinguishing complex glomer-
uloid and cribriform growth patterns. Some pathologists
might have interpreted the complex glomeruloid cases as
cribriform, however our current results do not provide
evidence for this classification. Finally, this study was
limited by its retrospective design and relatively short
follow-up of 57 months.

In conclusion, glomeruloid architecture is observed in
34% of radical prostatectomy specimens. Patients with
simple glomeruloid glands have similar clinicopathological
characteristics and biochemical recurrence-free survival as
poorly formed and fused glands in Grade Group 2 prostate
cancer. Although complex glomeruloid glands are more
often coexistent with cribriform growth pattern, biochem-
ical recurrence and metastasis occurred significantly
less frequently in this subgroup. Therefore, complex glo-
meruloid architecture does not classify as a cribriform
Gleason 4 growth pattern in radical prostatectomy speci-
mens. Further studies are needed to address the significance
of glomeruloid architecture in prostate biopsies.
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