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Large and small cribriform architecture have similar adverse clinical outcome on prostate
cancer biopsies

Aims: Invasive cribriform and intraductal carcinoma
(IDC) are associated with adverse outcome in prostate
cancer patients, with the large cribriform pattern hav-
ing the worst outcome in radical prostatectomies. Our
objective was to determine the impact of the large and
small cribriform patterns in prostate cancer biopsies.
Methods and results: Pathological revision was car-
ried out on biopsies of 1887 patients from the Euro-
pean Randomised Study of Screening for Prostate
Cancer. The large cribriform pattern was defined as
having at least twice the size of adjacent benign
glands. The median follow-up time was 13.4 years.
Hazard ratios for metastasis-free survival (MFS) and
disease-specific survival (DSS) were calculated using
Cox proportional hazards regression. Any cribriform
pattern was found in 280 of 1887 men: 1.1% IDC in
grade group (GG) 1, 18.2% in GG2, 57.1% in GG3,

55.4% in GG4 and 59.3% in GG5; the large cribri-
form pattern was present in 0, 0.5, 9.8, 18.1 and
17.3%, respectively. In multivariable analyses, small
and large cribriform patterns were both (P < 0.005)
associated with worse MFS [small: hazard ratio
(HR) = 3.04, 95% confidence interval (CI) = 1.93–
4.78; large: HR = 3.17, 95% CI = 1.68–5.99] and
DSS (small: HR = 4.07, 95% CI = 2.51–6.62; large:
HR = 4.13, 95% CI = 2.14–7.98). Patients with the
large cribriform pattern did not have worse MFS
(P = 0.77) or DSS (P = 0.96) than those with the
small cribriform pattern.
Conclusions: Both small and large cribriform patterns
are associated with worse MFS and DSS in prostate
cancer biopsies. Patients with the large cribriform
pattern on biopsy have a similar adverse outcome as
those with the small cribriform pattern.
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Introduction

Prostate cancer is one of the most common cancers
in men worldwide.1 Clinical management of patients
with prostate cancer mainly depends upon clinical

tumour stage, serum prostate-specific antigen (PSA)
and biopsy Gleason score/grade group. Currently,
patients with Gleason score ≤ 3 + 3 = 6 (grade group
1) are monitored by active surveillance, while
patients with Gleason score ≥ 4 + 3 = 7 (grade group
≥ 3) typically receive active treatment. The most ben-
eficial treatment for individual patients with Gleason
score 3 + 4 = 7 (grade group 2) is not yet clear.2

Most patients with grade group 2 cancer will receive
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active treatment in the form of radical prostatectomy
or radiation therapy, although active surveillance is
increasingly being considered in selected men with
favourable intermediate-risk disease.3 To aid clinical
decision-making there is a need for clearer risk strati-
fication for this group of patients.
Gleason score 7 prostate cancer comprehends a

mixture of well-differentiated Gleason pattern 3
glands interspersed with Gleason pattern 4 tumour
structures. Gleason pattern 4 cancer comprises differ-
ent growth patterns, categorised as poorly formed,
fused, glomeruloid and cribriform.4–6 Numerous stud-
ies have shown that the presence of an invasive crib-
riform pattern accounts for worse biochemical
recurrence-free survival (BCRFS), metastasis-free sur-
vival (MFS) and disease-specific survival (DSS) in
comparison to patients without invasive cribriform
architecture, both in prostate biopsies as well as radi-
cal prostatectomies.7–12 Intraductal carcinoma (IDC)
is characterised as a proliferation of malignant epithe-
lial cells confined to distended pre-existent acini and
prostatic ducts, and is mainly accompanied by inva-
sive prostate carcinoma.13 Like invasive cribriform
carcinoma, the presence of IDC is an adverse prog-
nostic factor and both significantly increase the dis-
criminative power of prediction models, including
other relevant clinicopathological parameters.8 The
2019 International Society of Urological Pathology
(ISUP) consensus meeting and the Genitourinary
Pathology Society (GUPS) therefore recommend com-
menting upon the presence/absence of invasive cribri-
form and intraductal carcinoma in all prostate cancer
pathology reports.5,6

Because the reporting of cribriform architecture is
important for clinical decision-making, details on
the definition of cribriform pattern and its distinc-
tion from potential mimickers are coming to atten-
tion.2 In earlier studies, different-sized thresholds
have been used for cribriform pattern definition. For
instance, Iczkowski et al. required the presence of
more than 12 luminal spaces in a cribriform struc-
ture, while Trudel et al. included lesions exceeding
the size of an average benign gland and Van Leen-
ders et al. did not set a specific size limitation.7,14,15

Furthermore, Hollemans et al. found that grade
group 2 patients with large cribriform structures
exceeding twice the size of adjacent benign glands
at radical prostatectomy had shorter BCRFS than
men with small cribriform glands.16 It is currently
unknown whether large cribriform structures at
diagnostic biopsies are also associated with worse
outcome compared to small cribriform glands. The
objective of the current study is to determine

whether large cribriform structures have indepen-
dent adverse predictive value for clinical outcome
compared to small cribriform architecture in a large
cohort of prostate cancer biopsies with long-term
follow-up.

Materials and methods

P A T I E N T S E L E C T I O N

All 1951 men diagnosed with prostate adenocarci-
noma in screening rounds 1–3 from the Dutch part
of the European Randomised Study of Screening for
Prostate Cancer (ERSPC) were included in this
study.17,18 The participants had undergone system-
atic sextant biopsies and one to two targeted biopsies
in case of a visible lesion at transrectal ultrasound
(TRUS) prompted by an elevated PSA level between
November 1993 and January 2010 at Erasmus MC
Cancer Institute, Rotterdam, the Netherlands, in
accordance with the previously published trial proto-
col.17,18 Exclusion criteria were presence of distant or
lymph node metastasis at first diagnosis (n = 28) and
unavailability of slides or paraffin blocks for patholog-
ical review (n = 36), leaving a total of 1887 patients
for further analysis. This study was approved by the
institutional Medical Research Ethics Committee
(MEC-2018-1614).

P A T H O L O G I C A L E V A L U A T I O N

All biopsies were revised by one senior pathologist
(G.v.L.) together with a combination of four junior
(C.K., I.K., L.R., T.H.) pathologists, who each
reviewed a subset of the cases. In case of discor-
dances, the senior pathologist’s assessment was
recorded. The observers were all blinded to clinical
information and patient outcome. For each biopsy we
recorded tumour length in millimetres, highest Glea-
son score/grade group according to the 2014 ISUP
recommendations and the presence of invasive cribri-
form and intraductal carcinoma.4 Cribriform carci-
noma was defined as a contiguous proliferation of
malignant epithelial cells with the majority of tumour
cells not being in contact with adjacent stroma and
with identifiable intercellular lumina.15,19 A large
cribriform pattern was defined as having a diameter
of at least twice the size of adjacent benign glands,
while the diameter of a small cribriform pattern was
smaller than twice the size of pre-existing benign
glands (Figure 1). IDC was distinguished from high-
grade prostate intra-epithelial neoplasia (HGPIN) by
morphological features as described by Guo et al., and
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not incorporated into the grade group assessment.13

Because their considerable morphological overlap
requires basal cell immunohistochemistry for differen-
tiation, invasive cribriform and intraductal carcinoma
were analysed as one group (invCR/IDC). If a case
had both large and small invCR/IDC, it was classified
as large cribriform in further analysis.

C L I N I C A L F O L L O W - U P

After diagnosis and initial treatment, patients were
monitored half-yearly by chart review to assess dis-
ease progression and secondary treatment. Cause of
death was independently evaluated by a cause of
death committee.

A B

C D

E F

G H

Figure 1. Prostate cancer biopsies with small (A–D) and large (E–H) cribriform patterns. The large cribriform pattern was defined as having

a diameter of at least twice the size of adjacent benign glands, while the diameter of the small cribriform pattern was smaller than twice the

size of pre-existing benign glands.
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S T A T I S T I C A L A N A L Y S I S

Continuous parameters were analysed with either the
Mann–Whitney U -test or Kruskal–Wallis test. Cate-
gorical parameters were analysed with the Pearson’s
v2 test. Log2 transformation was used for non-
normally distributed continuous variables to reflect
doubling effects. Hazard ratios for MFS and DSS were
calculated using Cox proportional hazards regression.
Statistical analyses were performed using SPSS ver-
sion 25 (IBM, Chicago, IL, USA). Results were consid-
ered significant when the two-sided P-value was
<0.05.

Results

P A T I E N T C H A R A C T E R I S T I C S

The median age of the patients (n = 1887) at time of
diagnosis was 67.3 years [interquartile range
(IQR) = 63.7–70.9] and median PSA level was
4.6 ng/ml (IQR = 3.4–7.1). Of all patients, 1116
(59.1%) had grade group 1, 444 (23.5%) grade
group 2, 163 (8.6%) grade group 3, 83 (4.4%) grade
group 4 and 81 (4.3%) grade group 5 cancer. In
total, 1479 (78.4%) patients received active treat-
ment, while 407 (21.6%) patients were monitored by
watchful waiting/active surveillance. In total, 662
(35.1%) patients underwent radical prostatectomy,
791 (41.9%) patients had radiotherapy and 44
(2.3%) received endocrine treatment. Grade group
was positively correlated with age (P = 0.004), PSA
level (P < 0.001) and percentage of positive biopsy
cores (P < 0.001) (Table 1). Patients with a higher
grade group more often received radiotherapy
(P < 0.001) and endocrine treatment (P = 0.006)
and less often watchful waiting/active surveillance
(P < 0.001). The median follow-up time with censor-
ing of deaths was 13.4 years (IQR = 10.6–17.1) and
12.5 years (IQR = 8.9–16.5) without censoring.

C R I B R I F O R M A R C H I T E C T U R E

Any invasive cribriform and/or intraductal carcinoma
(invCR/IDC) was observed in 280 (14.8%) men. The
percentage of men with invCR/IDC was highest in
grade groups 3–5: 12 of 1116 (1.1%) men in grade
group 1 had IDC, 81 of 444 (18.2%) had invCR/IDC
in grade group 2, 93 of 163 (57.1%) in grade group
3, 46 of 83 (55.4%) in grade group 4 and 48 of 81
(59.3%) in grade group 5. Men with invCR/IDC were
of significantly older age (P = 0.006) and had signifi-
cantly higher PSA levels (P < 0.001) than those

without. A total of 260 (92.1%) patients with invCR/
IDC received active treatment: 89 of 280 (31.8%)
patients underwent radical prostatectomy, 157 of 280
(56.1%) had radiotherapy, seven of 280 (2.5%)
received endocrine treatment and seven of 280 (2.5%)
received both radiotherapy and endocrine treatment.
A total of 233 of 1887 (12.3%) patients had the

small invasive cribriform growth pattern and/or IDC.
The highest percentage of men with the small invasive
cribriform/ IDC pattern was found in the higher grade
groups: 12 of 1116 (1.1%) of men in grade group 1, 79
of 444 (17.8%) in grade group 2, 77 of 163 (47.2%) in
grade group 3, 31 of 83 (37.3%) in grade group 4 and
34 of 81 (42.0%) in grade group 5. All patients with
the small cribriform/IDC pattern in grade group 1 had
IDC without coinciding invasive cribriform growth.
In total, 47 of 1887 (2.5%) patients had the large

cribriform growth pattern. The percentage of men
with the large cribriform pattern increased per grade
group: two of 444 (0.5%) men had the large cribri-
form pattern in grade group 2, 16 of 163 (9.8%) in
grade group 3, 15 of 83 (18.1%) in grade group 4
and 14 of 81 (17.3%) men in grade group 5; no
large cribriform pattern was observed among grade
group 1 men. PSA levels were significantly higher
(P < 0.02) in patients with the large cribriform pat-
tern (median = 8.0 ng/ml; IQR = 5.8–17.5) than in
men with the small cribriform pattern (me-
dian = 6.4 ng/ml; IQR = 4.2–11.9). Patients with the
large cribriform growth were of similar (P = 0.39)
age (median = 68.0 years; IQR = 65.0–72.0) as
patients with only the small cribriform pattern (me-
dian = 67.8 years; IQR = 64.2–71.5).

S U R V I V A L A N A L Y S I S

At follow-up, 134 (7.1%) men developed metastasis
after a median of 8.9 (IQR = 5.7–12.8) years, while
1123 (59.5%) patients died, including 123 (6.5%) men
who died of prostate cancer (11.0% of all deaths).
Metastasis occurred in 18 of 47 (38.3%) men with the
large cribriform pattern, 59 of 233 (25.3%) with the
small cribriform pattern and 57 of 1607 (3.5%) without
cribriform pattern at biopsy, while 18 of 47 (38.3%), 58
of 233 (24.9%) and 47 of 1607 (2.9%) died of disease,
respectively. In multivariable analyses grade group and
PSA were independent prognostic parameters for both
MFS and DSS (Table 2). Radical prostatectomy was the
only treatment to be significantly (P = 0.004) associ-
ated with better DSS. Age, percentage positive biopsies
and tumour length did not have a significant impact on
MFS and DSS. Patients with the small cribriform pattern
had shorter MFS [hazard ratio (HR) = 3.04; 95%
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confidence interval (CI) = 1.93–4.78; P < 0.001] and
DSS (HR = 4.07; 95% CI = 2.51–6.62; P < 0.001)
than men without the cribriform pattern. The large
cribriform pattern was also associated with worse MFS
(HR = 3.17; 95% CI = 1.68–5.99; P < 0.001) and DSS
(HR = 4.13; 95% CI = 2.14–7.98; P < 0.001).
Patients with large cribriform structures had similar
MFS (P = 0.77) and DSS (P = 0.96) to those with the
small cribriform pattern.

Discussion

The adverse prognostic value of invasive cribriform
and intraductal carcinoma in prostate cancer has
been well established during the last decade.7–12

Slightly different criteria for cribriform architecture
have been used in various publications, particularly
with regard to a minimal size threshold.7,14,15 In a
recent ISUP panel meeting, it was consented that
cribriform architecture consisted of a contiguous
epithelial proliferation in which the majority of
tumour cells does not contact adjacent stroma and
with visible intercellular lumina.19 Specifically, no
minimal size criterion was included in this consensus
definition. Nevertheless, it has been shown in grade
group 2 radical prostatectomy specimens that men
with the large cribriform pattern had significantly
worse clinical features and shorter BCRFS than those
with a small cribriform architecture.16 In fact, in that
study no difference was present in grade group 2

Table 2. Metastasis-free and disease-specific survival

Parameter

Metastasis-free survival Disease-specific survival

Multivariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

Age (years) – 1.01 (0.97–1.05) 0.740

PSA (log2) 1.27 (1.10–1.47) 0.001 1.20 (1.02–1.40) 0.024

Grade group

1 Ref Ref

2 2.05 (1.12–3.74) 0.020 1.32 (0.68–2.55) 0.411

3 2.83 (1.41–5.70) 0.004 2.47 (1.19–5.11) 0.015

4 3.59 (1.68–7.64) 0.001 2.77 (1.25–6.17) 0.012

5 4.48 (2.10–9.57) <0.001 3.94 (1.81–8.59) 0.001

Perc posbx (log2) 1.15 (0.79–1.67) 0.480 1.20 (0.81–1.79) 0.365

Tumour mm (log2) 1.14 (0.93–1.39) 0.204 1.10 (0.89–1.35) 0.380

Cribriform

No Ref Ref

Small 3.04 (1.93–4.78) <0.001 4.07 (2.51–6.62) <0.001

Large 3.17 (1.68–5.99) <0.001* 4.13 (2.14–7.98) <0.001*

Radical prostatectomy 0.46 (0.11–1.99) 0.302 0.38 (0.19–0.74) 0.004

Radiotherapy 1.16 (0.28–4.81) 0.842 0.94 (0.52–1.70) 0.846

Hormonal – –

Watchful waiting/active surveillance 1.65 (0.37–7.47) 0.513 –

Perc posbx, percentage of positive biopsies; tumour mm, cumulative tumour length of all biopsies, in mm.

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen.

*When using ‘small cribriform’ as reference, there was no statistical difference in metastasis-free survival (MFS) (P = 0.77) and disease-

specific survival (DSS) (P = 0.96) for large cribriform.
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tumours with small invasive cribriform or intraductal
carcinoma and those without a cribriform growth
pattern. These findings suggest that the large cribri-
form pattern is mainly responsible for adverse out-
come and not any cribriform pattern per se. The aim
of the current study was to determine whether such
an effect was also present in a large cohort of pros-
tate cancer biopsies with long-term follow-up. Here
we show that small and large cribriform carcinomas
on prostate cancer biopsies both had independent pre-
dictive value for MFS and DSS. Furthermore, patients
with large cribriform structures did not have a worse
outcome than men with a small cribriform carci-
noma.
The current findings in biopsy specimens are not in

agreement with our previous study among 420 grade
group 2 radical prostatectomy specimens. In the
prostatectomy cohort, we found that grade group 2
patients with the large cribriform pattern had signifi-
cantly more frequent extraprostatic expansion and
pelvic lymph node metastasis as well as shorter
BCRFS than those with the small pattern.16 This dis-
crepancy can have several causes. First, recognition
of the large cribriform pattern at biopsy seems less
reliable than on surgical specimens. We defined the
large cribriform pattern as a malignant cribriform
lesion having at least twice the size of adjacent pre-
existent glands. While cribriform size is easily visu-
alised in radical prostatectomy, it can be less well
appreciated in 1-mm thick biopsy specimens which
will only sample a part of a large cribriform lesion.
This is reflected by the frequency of the large cribri-
form pattern. While 34 of 420 (8.1%) grade group 2
radical prostatectomy specimens had the large cribri-
form pattern, it was observed in only two of 444
(0.5%) grade group 2 biopsies in the current study.
Furthermore, three studies showed there is low sensi-
tivity but relatively high specificity for identification
of the cribriform pattern in matched biopsy and
prostatectomy specimens.20–22 Interestingly, Holle-
mans et al. found an overall false-negative rate of
40% for identification of any cribriform carcinoma,
while this decreased to 27% for the large cribriform
pattern in diagnostic biopsies preceding radical
prostatectomy.21 In many of these men with the
large cribriform pattern at operation, however, only
the small cribriform pattern was present in the
matched biopsy. Together, these studies suggest that
about half of cribriform lesions are missed at biopsy
due to sampling artefact, and that in the case of
the large cribriform pattern in radical prostatec-
tomies, often only the small cribriform is identified at
preceding biopsy.

As far as we are aware, two studies have specifi-
cally compared the outcome of large and small cribri-
form pattern in grade group 2 prostate cancer
patients.16,23 Multivariable analysis in the radical
prostatectomy study of Hollemans et al. showed that
the large cribriform pattern was the only significant
predictive variable for BCRFS, while the small cribri-
form pattern lost its significance.16 Therefore, we
hypothesise that the large cribriform pattern is clini-
cally important but that its recognition is seriously
hampered by sampling artefacts inherent to biopsies.
This finding is in line with the grade group 2 biopsy
study by Flood et al., who found that small and large
cribriform patterns, as distinguished by ≤ 12 and
> 12 punched-out lumina, respectively, were both
significantly associated with upgrading and extrapro-
static expansion at subsequent radical prostatec-
tomy.23 Together, this underscores the importance of
multimodal risk stratification of prostate cancer man-
agement; for instance, by including magnetic reso-
nance imaging (MRI) results or molecular companion
diagnostics. Patients with cribriform carcinoma at
radical prostatectomy tend to have a higher PiRADS
score than those without the cribriform pattern.21,24

Furthermore, three companion diagnostic tests are
commercially available for distinction of more aggres-
sive grade group 2 prostate cancer patients, and some
of these tests, at least in part, have been shown to
reflect cribriform morphology.24–28

The strength of this study is the use of a large
well-characterised prostate biopsy cohort with long-
term clinical follow-up of more than 13 years. This
allows for the analysis of detailed pathological fea-
tures with strong and relevant clinical endpoints such
as occurrence of metastasis and disease-specific death.
One inherent disadvantage of the use of samples with
such long-term follow-up is that, at that time, state-
of-the-art clinical practice was different from the pre-
sent. In the 1990s standard sextant biopsies were
used, while current biopsy schemes often apply more
systematic biopsies as well as MRI targeted biopsies.
Together, this might have led to an underestimation
of the presence of the large cribriform pattern in the
current study. Furthermore, treatment modalities
have been modified over the years with more com-
mon use of active surveillance in low-risk patients
who received active treatment two decades ago.
Although the large cribriform architecture is believed
to have a worse outcome than the small cribriform
pattern, there is no consensus on the distinguishing
features of large and small cribriform structures. In
this study we defined large cribriform pattern as those
structures exceeding twice the size of adjacent
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pre-existent glands, which we also applied in our pre-
vious radical prostatectomy study.16 This threshold is
easy to apply, but is subjective. Application of other
definitions of the large cribriform pattern, such as an
exact-sized cut-off in lm or number of punched-out
lumina, will probably result in different distributions
and clinical outcomes. Furthermore, interobserver
variability on assessment of the cribriform pattern
could also affect the outcome of different studies.29,30

Finally, we did not perform basal cell immunohisto-
chemistry in each cribriform biopsy to distinguish
invasive from intraductal carcinoma, which might
have affected definitive grade group assignment in a
small number (<2%) of cases.31

In conclusion, have we shown that both small and
large cribriform patterns are associated with shorter
metastasis- and disease-specific-free survival. These
results support the notion that men with the cribri-
form growth pattern should not be considered for
active surveillance. Furthermore, we found that there
was no difference in survival probabilities in the large
cribriform versus the small cribriform pattern, and
therefore does not require differentiation on biopsies.
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