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Molecular risk classifier score and biochemical 
recurrence risk are associated with cribriform 
pattern type in Gleason 3+4=7 prostate cancer
Nancy Y. Greenland1,2,3 , Matthew R. Cooperberg3,4 , Anthony C. Wong5 , Emily Chan1,3 , Peter R. Carroll3,4,  
Jeffry P. Simko1,3, Bradley A. Stohr1,3

1Department of Anatomic Pathology, University of California, San Francisco, CA, 2Department of Pathology, San Francisco Veterans Affairs Health Care System, San 
Francisco, CA, 3UCSF Helen Diller Comprehensive Cancer Center, San Francisco, CA, 4Department of Urology, University of California, San Francisco, CA, 5Department of 
Radiation Oncology, University of California, San Francisco, CA, USA

Purpose: Among Gleason pattern 4 types, cribriform pattern is associated with the worst outcomes. We hypothesized that larger 
cribriform patterns would be associated with increased Decipher scores and higher biochemical recurrence (BCR) risk in Gleason 
3+4=7 prostatectomy patients. 
Materials and Methods: The slide from patients who underwent prostatectomy from January 2016 to March 2020 on which De-
cipher was performed was re-reviewed for Gleason score and cribriform patterns, with large cribriform defined as cribriform acini 
with greater than 12 lumens and simple cribriform as 12 or fewer lumens. Differences in Decipher score were analyzed in a gener-
alized linear model controlling for pathology stage and tumor margin status. A multivariable Cox proportional hazards model was 
performed for BCR-free survival. 
Results: Of 337 cases, 118 were Gleason 3+4=7. The mean Decipher scores in 3+4=7 cases without cribriform, with simple crib-
riform, and with large cribriform were 0.41, 0.54, and 0.62, respectively. In a multivariable model with pathology stage, margin 
tumor length, and percentage pattern 4 as covariates, compared to cases without cribriform, simple cribriform was associated with 
0.10 increase in Decipher (p=0.03) and 4.7-fold hazard ratio of BCR (95% confidence interval [CI], 0.4–56.5; p=0.22) and large cribri-
form was associated with 0.17 increase in Decipher (p<0.001) and 16.0-fold hazard ratio of BCR (95% CI, 1.4–181.2; p=0.02). 
Conclusions: Among Gleason 3+4=7 carcinomas, large cribriform was associated with higher Decipher scores and greater BCR 
risk. Our results support that large cribriform is an aggressive pattern 4 subtype and should be considered a contraindication for 
active surveillance.
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INTRODUCTION

In prostate cancer, the Gleason scoring system is a major 

determinant of clinical decision making. Patients with Glea-
son score 3+3=6 (Grade Group 1) on biopsy generally should 
be followed with active surveillance, whereas patients with 
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Gleason score 4+3=7 (Grade Group 3) or higher are typically 
offered definitive therapy. The optimal treatment strategy 
for patients with Gleason score 3+4=7 (Grade Group 2) pros-
tate cancer is still an area of uncertainty, as some cancers in 
this group prove entirely indolent whereas others progress 
rapidly. This highlights the need to further improve upon 
the classification of these tumors with a number of strate-
gies currently being undertaken, such as improving clinical 
risk classifiers, improving histologic grading and the use of 
commercially available tissue based risk classifiers, such as 
OncotypeDx and Decipher.

For improving tumor grading, a number of important 
observations have been made related to the different his-
tologic growth patterns of carcinoma that are assigned the 
Gleason grade 4 [1-6]. In particular, cribriform pattern has 
been associated with the worst outcomes, compelling experts 
in urologic pathology to recommend specifically reporting 
cribriform patterns when present in prostate cancers [7,8]. 
However cribriform growth also has extreme variability 
in size that is not routinely taken into account clinically, 
although a recent study has shown poorer outcomes when 
larger cribriform structures are present [9].

While commercially available tissue based molecular 
classifiers will contain contributions from the various Glea-
son patterns in their output, these various subtypes were 
not considered in the design of these assays and considering 
such patterns in addition to risk classifier scores may pro-
vide additional important information not currently being 
considered. For example, with the Decipher radical prosta-
tectomy genomic classifier, a RNA based whole transcrip-
tome microarray assay that predicts metastatic risk [10,11], 
the presence of cribriform pattern 4 was found to be signifi-
cantly associated with Decipher score [12]. In another study 
in which large cribriform and glomeruloid Gleason pattern 
4 were compared, large cribriform was found to be associ-
ated with higher Decipher scores and with greater risk of 
biochemical recurrence (BCR) [13]. Large cribriform has also 

been found to be associated with higher scores than simple 
cribriform in a study on prostate biopsies that received On-
cotypeDx testing, a reverse transcriptase-polymerase chain 
reaction test performed on prostate biopsies that is designed 
to predict adverse pathology at prostatectomy [14].

In this study we sought to examine the relationships 
between Decipher radical prostatectomy score, cribriform 
Gleason pattern 4 subtype, and risk of BCR in a cohort of 
prostate cancer patients with Gleason score 3+4=7 (Grade 
Group 2) tumor.

MATERIALS AND METHODS

1. Study design
This study was approved by the Institutional Review 

Board of UCSF (University of California, San Francisco) 
(approval number: 15-15823). Consent was waived by the 
Institutional Review Board. In a retrospective cohort study, 
the pathology case database of UCSF was searched for pros-
tatectomy reports from January 2016 to March 2020 that 
had received Decipher testing. The decision to perform De-
cipher testing was at the discretion of the treating urologist. 
The formalin-fixed paraffin-embedded block with the larg-
est area of highest-grade tumor had previously been selected 
after review by a genitourinary pathologist and sent for 
Decipher testing.

2. Histopathologic review and Decipher assay
The original H&E-stained slide from the block sent for 

Decipher testing was reviewed blinded to original reported 
Gleason score in order to determine which patients had 
Gleason score 3+4=7 on the highest grade tumor nodule on 
the block sent for testing. The H&E slide was also reviewed 
in a blinded manner for the presence of  various growth 
patterns indicative of Gleason pattern 4, including cribri-
form (Fig. 1). Large cribriform was defined in this study as 
large cribriform acini with greater than 12 lumen spaces, 

A B

Fig. 1. (A) Large cribriform was defined 
as large cribriform acini with greater 
than 12 lumen spaces. (B) Simple crib-
riform was defined as cribriform acini 
with 12 or fewer lumen spaces (H&E, 
×20). 
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and simple cribriform was defined as cribriform acini with 
12 or fewer lumen spaces. Patients were classified as either 
having no cribriform, simple cribriform without any large 
cribriform, or large cribriform (with or without simple crib-
riform).

The H&E-stained slides were also evaluated in a blinded 
manner for the presence of intraductal carcinoma (IDC). 
Immunohistochemistry for basal cell markers was not per-
formed, as the deeper level sections of the block had been 
used to perform the Decipher assay. The presence of IDC 
was determined via published morphologic criteria [15], with 
the additional requirement of obvious basal cells at the pe-
riphery of the suspect glands.

The Decipher test (Decipher Biosciences, Inc., Vancouver, 
BC, Canada) is an expression array-based assay that uses 
RNA extracted from FFPE radical prostatectomy specimens 
to calculate a risk score from 0 to 1 and validated risk cat-
egory for risk of metastases within 5 years after prostatec-
tomy [10,16]. Scores less than 0.45 correspond to the low risk 
category, scores from 0.45 to 0.6 correspond to the intermedi-
ate risk category, and scores above 0.6 correspond to the high 
risk category.

3. Biochemical recurrence, tumor T and N stages, 
tumor margin status, and percentage Gleason 
pattern 4
Prostatectomy tumor T and N stages, length of tumor at 

margin, prostatectomy overall percentage Gleason pattern 4, 
and BCR data were obtained from the medical record, with 
BCR defined as two consecutive prostate-specific antigen 
(PSA) levels of 0.2 ng/mL or more starting 8 weeks after 
prostatectomy. Prostate biopsy Gleason Grade Group infor-
mation was obtained from the medical record.

4. Statistical analyses
The association between Gleason score and Decipher 

scores was tested using a one-way ANOVA with linear 
post-test for trend. For the Gleason score 3+4=7 cases, the 
difference between Decipher scores for cribriform subtype 
was assessed using the Wilcoxon rank sum test, adjusted 
for multiple comparisons using the Holm method. The dif-
ference between Decipher scores for pT stage was assessed 
using the Wilcoxon rank sum test, adjusted for multiple 
comparisons using the Holm method. In a multivariable 
analysis, a generalized linear model with Decipher score 
as the dependent variable and pT and pN stages, length of 
tumor at margin, and prostatectomy percentage Gleason 
pattern 4 as covariates was used. Kaplan–Meier analysis 
was performed to assess the outcome of freedom from BCR, 

with statistical significance assessed by log-rank test and 
censoring on date of last PSA test. We then performed mul-
tivariable Cox proportional hazards models of time to BCR 
with pT and pN stages, length of  tumor at margin, and 
prostatectomy percentage Gleason pattern 4 as covariates. 
Time to BCR models with and without Decipher score as a 
covariate were compared via ANOVA analysis. The associa-
tion between cribriform subtype at prostatectomy and Grade 
Group 1–2 versus 3–5 on biopsy was evaluated using chi-
squared test. Statistics were performed using R, using “ggpu-
br”, “ggbeeswarm”, “survival”, and “survminer” packages, or 
GraphPad Prism software (Version 8.1.1; GraphPad Software 
Inc., San Diego, CA, USA), and statistical significance was 
considered at p<0.05.

RESULTS

Of 337 patients in the cohort who underwent prostatec-
tomy from January 2016 to March 2020 and had received 
Decipher testing on their prostatectomy specimen, the me-
dian age was 66.8 years (range, 40.4–79.0 y), the average age 
was 64.3 years (standard deviation [SD], 7.5 y), and the aver-
age Decipher score was 0.64 (SD, 0.2) (Supplementary Table 
1). Increasing Gleason score correlated with Decipher score 
(linear test for trend p<0.0001, Supplementary Fig. 1). Cases 
with Gleason score 3+4=7 (Grade Group 2) on the highest 
grade tumor nodule on the block sent for testing comprised 
the largest group, with 118 cases (Table 1). Of  these 118 
Gleason score 3+4=7 patients, the median age was 53.3 years 
(range, 40.4–77.1 y) and the average age was 56.3 (SD, 9.2) 
(Table 1); 40 were classified as high risk by Decipher test-
ing, 33 as intermediate risk, and 45 as low risk. Among these 
Gleason score 3+4=7 cases, pT and pN stage correlated with 
Decipher score (Supplementary Fig. 2, Supplementary Table 
2). There were 50 patients with positive surgical margin and 
18 patients with IDC (Supplementary Table 3). The associa-
tion between cribriform subtype at prostatectomy and Grade 
Group 1–2 versus 3–5 on prostate biopsy was examined by 
chi-squared test. The p-value was 0.06, which is not statisti-
cally significant, but may suggest an association between 
large cribriform at prostatectomy and higher Gleason Grade 
Group at biopsy (Supplementary Tables 4, 5).

Among the Gleason score 3+4=7 cases, 41 patients had 
no cribriform pattern on the block sent for Decipher testing, 
27 patients had only simple cribriform on the block sent for 
Decipher testing, and 50 patients had large cribriform in 
addition to simple cribriform pattern on the block sent for 
Decipher testing. The highest average Decipher scores were 
seen in cases with large cribriform, with average Decipher 
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scores of 0.41, 0.54, and 0.62 for cases without cribriform (41 
patients), with simple cribriform (and no large cribriform) 
(27 patients), and with large cribriform (50 patients), respec-
tively (Table 1, Fig. 2). In a multivariable model with T and 
N stages, length of tumor at margin, and prostatectomy per-
centage Gleason pattern 4 as covariates, compared to cases 
without cribriform, simple cribriform was associated with a 
0.10 increase in Decipher score (p=0.03) and 4.7-fold hazard 
ratio of BCR (95% CI, 0.4–56.5; p=0.22), whereas large cribri-
form was associated with a 0.17 increase in Decipher score 
(p<0.001) and 16.0-fold hazard ratio of BCR (95% CI, 1.4–181.2; 
p=0.02) (Fig. 3, Table 2) (table of the models including all co-
variates in Supplementary Table 6-1, 6-2).

In a second multivariable model with the addition of De-
cipher score as a covariate, simple cribriform was associated 
with a 4.2-fold hazard ratio of BCR (95% CI, 0.3–57.9; p=0.28) 
and large cribriform was associated with a 15.6-fold hazard 
ratio of BCR (95% CI, 1.2–211.0; p=0.04). Using an ANOVA 

analysis comparing the two multivariable models, the addi-
tion of Decipher score was associated with a p-value of 0.12 
for improved prediction of BCR risk. 

A significant difference in Decipher score was seen in 
the 18 Gleason score 3+4=7 cases with IDC and in the 100 
Gleason score 3+4=7 cases without recognizable IDC (0.73 vs. 
0.49; p<0.001). However, no significant difference in BCR risk 

Table 1. Age, ethnicity, cribriform type, and presence of IDC for Glea-
son score 3+4=7 patients

Variable Value Decipher score
Age (y) 53.3 (40.4–77.1)

56.3±9.2
Race
    Caucasian 99 (83.9)
    Asian/API 6 (5.1)

    Black/African American 6 (5.1)
    Hispanic 1 (0.8)
    Native American 1 (0.8)
    Other/unknown 5 (4.2)
Cribriform type
    None   41 0.41±0.14
    Simple   27 0.54±0.21
    Large   50 0.62±0.18
Presence of IDC
    Absent 100 0.49±0.18
    Present   18 0.73±0.14

Values are presented as median (range), mean±standard deviation, 
number (%), or number only.
API, Asian/Pacific Islander; IDC, intraductal carcinoma.

Table 2. Cribriform type and Decipher score and BCR

Cribriform type Increase in Decipher score p-value Hazard ratio (95% CI) of BCR p-value
Simple cribriform vs. no cribriform 0.10 0.03 4.7-fold (0.4–56.5) 0.22
Large cribriform vs. no cribriform 0.17 <0.001 16.0-fold (1.4–181.2) 0.02

BCR, biochemical recurrence; CI, confidence interval.
To evaluate for increase in Decipher score for Gleason score 3+4=7 cases, a generalized linear model with Decipher score as the dependent vari-
able and pT and pN stages, length of tumor at margin, and prostatectomy percentage Gleason pattern 4 as covariates was used. To evaluate 
hazard ratio of BCR, multivariable Cox proportional hazards models of time to BCR with pT and pN stages, length of tumor at margin, and prosta-
tectomy percentage Gleason pattern 4 as covariates was used.
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was observed between the two groups (hazard ratio, 1.7-fold 
risk; 95% CI, 0.4–7.8; p=0.47) (Fig. 4).

DISCUSSION

Among men with Gleason score 3+4=7 cancers, the pre-
sence of large cribriform pattern was associated with in-
creased Decipher scores and portended increased risk of BCR. 
The presence of large cribriform pattern conveyed greater 
risk than simple cribriform alone, and these effects persisted 
even after adjustment for T and N stage, length of tumor at 
margin, and percentage Gleason pattern 4. Indeed, the addi-
tion of Decipher testing conveyed only marginally increased 
information about BCR risk in this cohort when cribriform 
subtyping was considered, diminishing the potential value of 
this molecular classifier. These findings support the mounting 
evidence that large cribriform is a distinct and more aggres-
sive subtype of Gleason pattern 4 and that patients with this 
feature should be considered for more aggressive treatment.

Various definitions of large cribriform and simple cri-
briform have been used in the literature [3,9,17]. There is 
currently no Genitourinary Pathology Society (GUPS) 
recommendation on the size criteria differentiating simple 
cribriform and large cribriform [7]. In this study we used Ic-
zkowski et al.’s [3] definition of greater than 12 lumen spaces 
due to its ease in reproducibility among pathologists. In the 
Hollemans et al.’s study [9] the authors were able to see a 
difference in BCR between simple and large cribriform us-
ing a definition of large cribriform as large cribriform acini 
with a diameter of at least twice large that of adjacent be-
nign glands. One limitation of this definition, in turn, is that 
benign glands can have significant variation in size. Despite 

using a different definition of large cribriform than the 
Hollemans et al.’s study [9] however, our study came to the 
same conclusion, that larger cribriform structures are associ-
ated with worse outcomes.

Literature reports of the clinical significance of simple 
cribriform versus large cribriform are conflicting, with one 
study reporting no correlation between cribriform size and 
upgrading or stage at radical prostatectomy [18] and another 
reporting no correlation between cribriform size and BCR [3]. 
In the Hollemans et al.’s study [9], however, large cribriform 
was shown to be an independent predictor of BCR-free sur-
vival. While our findings and the results of the Hollemans 
et al.’s study [9] support that large cribriform is more aggres-
sive than simple cribriform, a consensus definition among 
genitourinary pathologists would be useful for future stud-
ies to confirm the difference in aggressiveness between sim-
ple cribriform and large cribriform. Subdividing cribriform 
pattern into large cribriform and simple cribriform could 
potentially improve current tumor grading methods and 
nomograms, independent of the use of molecular classifier 
tests.

One shortcoming of  our study is the relatively short 
follow-up time, limiting evaluation of metastatic relapse. To 
detect recurrences, a follow-up time of at least 5 to 10 years 
is optimal. However, in our study no patients had follow-up 
time greater than 5 years, as the oldest prostatectomy speci-
mens were from January 2016. Blocks sent for molecular 
testing had been selected after review by a genitourinary 
pathologist based on the largest area of highest-grade tumor, 
however it is theoretically possible that another section not 
evaluated would have shown more extensive cribriform pat-
tern. If present, this bias would tend to underestimate the 
effect of cribriform on BCR risk.

While a significant difference in Decipher score was 
seen in the Gleason score 3+4=7 cases with and without 
IDC, no significant difference in BCR was observed between 
the two groups. However, one drawback of our study with 
regards to IDC is that immunohistochemistry for basal cells 
was not performed, and thus there is a potential that some 
of the areas designated as large cribriform are in fact IDC. 
While staining for basal cells would have been preferred to 
confirm the presence of IDC, staining on immediately adja-
cent level sections was not possible, as Decipher testing was 
performed on those level sections. While only 18 patients 
had IDC in our study, our results are concordant with the 
Hollemans et al.’s study [9], which did not find IDC to be an 
independent predictive factor for BCR-free survival in a 
multivariable model.
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CONCLUSIONS

In summary, in this study of patients with Gleason score 
3+4=7 on the block sent for Decipher prostatectomy testing, 
higher Decipher scores and greater risk of BCR were seen 
in patients with large cribriform. Our findings support that 
large cribriform is a more aggressive variant of Gleason pat-
tern 4 and patients with large cribriform on biopsy should 
be treated rather than remain on active surveillance.
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