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Pretreatment classification tools are used in prostate cancer to inform patient management. The effect of cribriform pattern 4 (CC)
and intraductal carcinoma (IDC) on such nomograms is still underexplored. We analyzed the Cancer of Prostate Risk Assessment
(CAPRA) and National Comprehensive Cancer Network (NCCN) risk scores in cases with and without CC/IDC to assess impact on
biochemical recurrence (BCR) and metastases/death of prostate cancer (event free survival-EFS) after prostatectomy. A matched
biopsy- prostatectomy cohort (2010-2017) was reviewed for CC/IDC. CAPRA and NCCN scores were calculated. CAPRA score

0-2 were deemed “low”, 3-5 “intermediate” and 6-10 “high”. NCCN scores 1-2 “very low/low”, 3 “favorable intermediate”, 4
“unfavorable intermediate”, 5-6 “high/very high”. Cases were stratified by presence of CC/IDC. BCR and EFS probabilities were
estimated using the Kaplan-Meier method. Prognostic performance was evaluated using log-rank tests and Harrell’'s concordance
index. 612 patients with mean age 63.1 years were included with mean follow up of 5.3 (range 0-10.8) years. CC/IDC was noted in
159/612 (26%) biopsies. There were 101 (17%) BCR and 36 (6%) events. CAPRA discriminated three distinct risk categories for BCR
(p < 0.001) while only high risk separated significantly for EFS (p < 0.001). NCCN distinguished two prognostic groups for BCR (p <
0.0001) and three for EFS (p < 0.0001). Addition of CC/IDC to CAPRA impacted scores 3-5 for BCR and scores 3-5 and 6-10 for EFS
and improved the overall concordance index (BCR: 0.66 vs. 0.71; EFS: 0.74 vs. 0.80). Addition of CC/IDC to NCCN impacted scores 4
and 5-6 and also improved the concordance index for BCR (0.62 vs. 0.68). Regarding EFS, NCCN scores 4 and 5-6 demonstrated
markedly different outcomes with the addition of CC/IDC. The CAPRA nomogram allows better outcome stratification than NCCN.
Addition of CC/IDC status particularly improves patient stratification for CAPRA scores 3-5, 6-10, and for NCCN scores 4 and 5-6.
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INTRODUCTION
Prostate cancer is the most commonly diagnosed malignancy in
men in North America and accounts for the second most cancer-
related deaths'. Treatment plans for newly diagnosed patients
involve risk stratification based on biopsy and clinical information
to assess the likelihood of local recurrence and distant metastases.
Other important factors include comorbidities, functional status,
life expectancy and patient preference. There are a variety of
prostate cancer-related risk assessment tools to facilitate clinical
decision making and patient management. Some of the more
well-known methods include the D’Amico classification and a few
others which are derived from this classification®™. In addition,
numerous nomograms are in use to predict disease progression
and/or recurrence®”’.

The National Comprehensive Cancer Network (NCCN) is one
such commonly utilized pre-treatment risk stratification tool.

It uses clinicopathologic variables such as PSA level at the time of
diagnosis (ng/ml), Gleason Grade of the biopsy, clinical stage,
number of positive core biopsies, and percentage of cancer in
each positive cores to stratify patients into 1-2 “very low/low”, 3
“favorable intermediate”, 4 “unfavorable intermediate” and 5-6
“high and very high” risk groups®. Each risk group has its
own therapeutic recommendations, which may include active
surveillance, radical prostatectomy, and/or radiotherapy and
chemotherapy.

The Cancer of Prostate Risk Assessment (CAPRA) score was
developed at the University of California San Francisco with the
aims of combining the accuracy of nomograms with the
practicality and feasibility of the D’Amico method®. It takes into
consideration similar clinical and pathological variables as NCCN
tool, including age, PSA level at the time of diagnosis (ng/ml),
clinical stage (T-stage), Gleason score of the biopsy (both primary
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and secondary patterns), and the percentage of biopsy cores
positive for adenocarcinoma'®. It has been widely utilized in
predicting prostate cancer metastasis and mortality. Given the
natural history of prostate cancer and the toxicities and potential
side effects associated with various treatment modalities, it is
crucial to use risk stratification tools to choose optimal patient
management plans.

Certain pathologic features such as the Gleason score are well
established for their prognostic impact. More recently, other
morphologic features such as cribriform pattern 4 carcinoma (CC)
and intraductal carcinoma (IDC) proved to be independently
associated with worse prognosis and nodal metastases''™°,
Despite being strong prognostic indicators on patient outcome,
CC and IDC are not specifically included as part of the
clinicopathological variables utilized in the aforementioned risk
stratification methods. Thus, in the present study, our aim was to
determine whether combining the presence or absence of CC and
IDC on biopsies with CAPRA or NCCN risk stratification tools would
improve their prognostic impact on patient outcome.

MATERIALS AND METHODS

Case selection and review

The present study was approved by the research ethics boards of
Sunnybrook Health Sciences Centre and the University Health Network
(REB 395-2017 and CAPCR 17-5727). A retrospective search was
conducted in the laboratory information systems (Sunquest and Cerner
CoPath) at both institutions. Consecutive, treatment naive patients
with matched in-house prostate biopsies positive for prostatic adenocarci-
noma and subsequent prostatectomy specimens from 2010 to 2017
were included. All relevant clinicopathological information, including
PSA, T stage, global biopsy Gleason score/Grade group, maximum
percentage carcinoma, total number of cores, and number of cores
positive for carcinoma was retrieved from both electronic patient records
and the laboratory information systems. The percentage of biopsy
cores positive for adenocarcinoma was then determined by dividing
the number of cores positive for adenocarcinoma by the total number of
cores present.

The haematoxylin and eosin (H&E)-stained slides were retrieved and
reviewed by two genitourinary pathologists (M.R.D. and T.v.D.K) for
presence of CC/IDC as defined in previous publications®™** and
incorporating the recent ISUP definition of CC*: contiguous malignant
epithelial cells with multiple glandular lumina visible at 10x with no
intervening stroma or mucin which incorporated small and large cribriform
glands. Most IDC show a cribriform architectural pattern and its prognostic
impact is similar as cribriform pattern 4 carcinoma?'. For this work, CC and
IDC were combined given the recent consensus recommendations from
the International Society of Urological Pathology®*. The following
information was retrieved from the pathology reports in CoPath: global
Gleason score, total number of cores present, and the number of
cores positive for adenocarcinoma. The CAPRA score was tabulated
using patient age, PSA at biopsy (ng/ml), global Gleason score of the
biopsy, percentage of biopsy cores positive for adenocarcinoma,
and clinical stage (T-stage). The NCCN risk stratification system was
calculated using similar clinicopathological variables: PSA at biopsy (ng/
ml), global Gleason score of the biopsy, percentage of biopsy cores
positive for adenocarcinoma, number of cores with GG 4 and 5, and clinical
stage (T-stage).

Clinical follow-up

The outcome variables were biochemical recurrence (BCR) and metastases
and/or deaths of prostate cancer (event-free survival or EFS). Patient
follow-up information was retrieved from the laboratory information
system. BCR is defined as two consecutive PSA levels >0.2 ng/ml at follow
up. Time to BCR was defined as the number of years between radical
prostatectomy and BCR. Patients with no BCR were censored at the date of
last follow up. For events, time to metastasis (nodal and non-nodal) and
death is defined as the number of years between biopsy diagnosis and
metastasis or death. For patients with lymph node metastasis, this was
defined as the time lapse between the biopsy diagnosis date and radical
prostatectomy date. Those patients with no reports of metastasis or death
were censored at the time of last follow up.
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Statistical analysis

Statistical analyses were performed using R version 4.0.0 (R Core Team,
2020). BCR and EFS probabilities were estimated using the Kaplan-Meier
method. Differences in survival curves between strata were assessed using
the log-rank test. Cox proportional hazards models were fit, and prognostic
performance was evaluated using Harrell's concordance index, adjusted for
optimism using 1000 bootstrap resamples. Additionally, ANOVA tests
comparing the log-likelihood statistic of models with and without CC or
IDC were conducted, with larger log-likelihood statistics indicating a better
model fit. A p value of less than 0.05 was considered statistically significant.

RESULTS

Clinicopathological features

The clinicopathological features of the study cohort from each
institution are listed in Table 1. Six hundred and twelve treatment
naive cases were identified (n = 612). Median age was 64 (range
41-79) and median PSA at diagnosis was 6.7 (range 0.5-97.0). CC
and/or IDC was noted in 159 (26%) needle biopsies (CC =103,
IDC =32 and both in 24 cases based on H&E and immunostains
when available- Fig. 1). For CAPRA scores, 132 patients were “low
risk” 0-2, 388 patients were “intermediate risk” 3-5 and 92
patients were “high risk” 6-10. In terms of NCCN score, 70 patients
were “very low/low risk” 1-2, 214 patients were “favorable
intermediate risk” 3, 235 “unfavorable intermediate risk” 4, 93
patients were “high/very high risk” 5-6. Median follow-up was 4.4
years and BCR occurred in 101 (17%) patients. In terms of
prostatectomy stage, 360 patients were pT2, 161 patients were
pT3a, and 90 patients were pT3b at prostatectomy.

Comparison of CAPRA and NCCN on outcome stratification
Figure 2 shows overall Kaplan-Meier curves for recurrence-free
survival. CAPRA discriminated three distinct risk categories for BCR
(p <0.001) while only high risk separated significantly for EFS (p <
0.001). NCCN distinguished two prognostic groups for BCR (p <
0.0001) and three for EFS (p <0.0001). When stratified by CAPRA
score, 6 BCR are present in patients with “low risk” 0-2, 59 events in
patients with “intermediate risk” 3-5 and 36 events in patients with
“high risk” 6-10 (1B). The optimism adjusted c-indices for all models
are reported in Table 2; the c index for this model is 0.663. Figure 2C
shows stratification by NCCN score with 6 BCR in patients with “very
low/low risk” 1-2, 19 occurrences in patients with “favorable
intermediate risk” 3, 52 BCR in those with “unfavorable intermediate
risk” 4, and 24 BCR in patients with “high/very high risk” 5-6. The
optimism-corrected c-index is 0.612.

For (non-BCR) events (metastases and deaths of prostate
cancer), there were 64 events in the patient cohort. Figure 2D
shows the event-free survival. When stratified by CAPRA score,
event-free survival differed significantly between the “low” 0-2,
“intermediate” 3-5 and “high risk” 6-10 groups with a log-rank p
value < 0.001 and an optimism-corrected c-index of 0.736 (Fig. 2E).
Figure 2F shows the event-free survival data stratified by NCCN
scores. There were no events (metastases or death) in the “very
low/low risk” 0-2 groups, 7 events in the “favorable intermediate”
3 group, 27 events in the “unfavorable intermediate” groups 4,
and 30 events in the “high/very high risk” groups 5-6. The
optimism-corrected c-index is 0.762.

The Impact of IDC/CC on prognostication

The impact of addition of CC/IDC to CAPRA is shown in Fig. 3 and
Supplementary Table 1. The addition of CC/IDC particularly
improves the prognostication of the “intermediate” 3-5 group.
The adjusted c-index is 0.700, suggesting that the addition of CC/
IDC to CAPRA helps improve model performance (ANOVA
p value = 0.0038). In terms of NCCN, addition of CC/IDC improves
the prognostication for each group for BCR, with the most
significant effect seen in groups 4 and 5-6 (Fig. 3B; ANOVA
p value = 0.008).

Modern Pathology (2022) 35:1695-1701



Y. Yu et al.

Table 1. Patient clinicopathologic features stratified by institution.

Covariate

Age

Mean (sd)
Median (Min,Max)
PSA

Mean (sd)
Median (Min,Max)

Biopsy Grade Group

A W N =

5

IDC or Cr

No

Yes

CAPRA Group
0-2 Low

3-5 Intermediate
6-10 High
CAPRA IDC or Cr

0-2 Low, IDC/Cr =
No

0-2 Low, IDC/Cr=
Yes

3-5 Intermediate,
IDC/Cr = No

3-5 Intermediate,
IDC/Cr = Yes

6-10 High, IDC/
Cr=No

6-10 High, IDC/
Cr=Yes

NCCN Group

1-2 Very Low/Low

3 Favorable
Intermediate

4 Unfavorable
Intermediate

5-6 High/Very High
NCCN IDC or Cr

1-2 Very Low/Low,
IDC/Cr = No

3 Favorable
Intermediate, IDC/
Cr=No

3 Favorable
Intermediate, IDC/
Cr=Yes

4 Unfavorable
Intermediate, IDC/
Cr=No

4 Unfavorable
Intermediate, IDC/
Cr=Yes

Sunnybrook
(n=212)

64.4 (7.1)

65 (44,79)

8.6 (6.4)
7.0 (0.5,50.9)

34 (16)
102 (48)
43 (20)
11 (5)
22 (10)

163 (77)
49 (23)

32 (15)
140 (66)
40 (19)

32 (15)
0 (0)
112 (53)
28 (13)
19 (9)

21 (10)

22 (10)
55 (26)

93 (44)

42 (20)

22 (10)

48 (23)

64 (30)

29 (14)

Modern Pathology (2022) 35:1695-1701

UHN p value
(n = 400)

0.0012
62.4 (6.8)
64 (41,75)

0.15
8.6 (9.7)

6.5
(0.8,97.0)

<0.001
57 (14)
248 (62)
56 (14)
31 (8)
8 (2)

0.28
290 (72)
110 (28)

0.0073
100 (25)
248 (62)
52 (13)

0.003
97 (24)

3(1)
177 (44)
71 (18)
16 (4)
36 (9)

0.0019
48 (12)
159 (40)

142 (36)

51 (13)
<0.001
48 (12)

129 (32)

30 (8)

92 (23)

50 (12)

Table 1. continued
Covariate Sunnybrook UHN p value
(n=212) (n =400)
5-6 High/Very 29 (14) 21 (5)
High, IDC/Cr = No
5-6 High/Very 13 (6) 30 (8)
High, IDC/Cr = Yes
Prostatectomy <0.001
Grade Group
1 22 (10) 44 (11)
1t4 0 (0) 11.3)
2 93 (44) 220 (55)
2t5 73) 1(0)
3 47 (22) 92 (23)
3t5 15 (7) 4 (1)
4 4 (2) 12 (3)
4t5 1 (0) 1 (0)
5 23 (11) 15 (4)
Stage 0.0056
2 131 (62) 229 (57)
3a 41 (19) 120 (30)
3b 40 (19) 50 (13)
Missing 0 1
Margin 0.3
Negative 145 (68) 291 (73)
Positive 67 (32) 109 (27)

Statistically significant p-values are in bold.

SD standard deviation, CAPRA Cancer of the Prostate Risk Assessment score,
IDCintraductal carcinoma, CC cribriform Gleason pattern 4, NCCN National
Comprehensive Cancer Network.

For event-free survival (metastases or death), the addition of
CC/IDC significantly influenced the outcome in patients in CAPRA
3-5 and 6-10 groups (Fig. 3C), improving the c-index to 0.790
(ANOVA p value = 0.038). For instance, CAPRA score 3-5 (inter-
mediate risk) patients with CC/IDC in their biopsy had similar
outcomes to those with CAPRA score 6-10 (high risk). The addition
of CC/IDC to the NCCN score also changed the outcome
significantly for patients in groups 4 and 5-6 (Fig. 3D; ANOVA p
value < 0.001), though the c-index could not be estimated due to
the small number of events in several groups).

DISCUSSION

Pathologic features such as the Gleason score and the 2014
modified International Society of Urological Pathology (ISUP)
Grade Groups are well-known predictors of oncologic outcome in
prostate cancer patients®*’. Gleason 4 pattern is composed of
cribriform, glomeruloid, poorly formed and fused glands. How-
ever, distinct morphologic patterns within Gleason 4 pattern differ
with regard to prognostic impact®®?°, In particular, the additional
prognostic importance of cribriform architecture adenocarcinoma
such as CC and IDC in prostatic cancer patients has been
previously demonstrated''™'*. A recent publication by our group
has shown that either CC or IDC morphologies were present in
95% of prostatectomy specimens that were positive for nodal
metastases(11) and these histomorphologies were strong inde-
pendent predictors(14). Despite their strong prognostic value, the
presence of these histomorphologies have yet to be incorporated
in any clinical risk stratification tools such as the CAPRA score or
the NCCN risk stratification tool. Many studies have looked at
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Fig. 2 Recurrence free survival and event free survival graphs of study cohort. A Recurrence free survival of full cohort. B Recurrence free
survival assessed by CAPRA stratification. C Recurrence free survival assessed by NCCN. D Event free survival of full cohort. E Event free
survival assessed by CAPRA stratification. F Event free survival assessed by NCCN.

Table 2.
Risk Group

CAPRA

NCCN

Model performance statistics.

Model

C-Index
Alone 0.663
+ CC/IDC 0.700
Alone 0.612
+ CC/IDC 0.662

Biochemical recurrence

Log-likelihood statistic P value
—581.2 0.0038
—575.6

—589.9 <0.001
—581.6

Event-free survival

C-index
0.736
0.790
0.762
NE*

Log-likelihood statistic P value
—357.5 <0.001
—349.9

—356.5 =

NE?

The c-index and log-likelihood statistic were derived from the fitted Cox proportional hazards model. The p value was obtained from the ANOVA, which
compared the log-likelihood statistic between two models.
®Not estimable; c-index and log-likelihood statistic could not be estimated due to insufficient number of events in several subgroups.
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IDC/CC on NCCN.

whether the addition of histomorphologic features or biomarkers
(such as PTEN) can improve the prognostic impact of clinical
assessment tools*®'. One recent study by Jeyapala et al.
demonstrated that combining CC/IDC with the CAPRA-S score
improves the prognostication of BCR after radical prostatectomy?°.
Another study by Salles et al. showed the addition of CC/IDC to a
model using CAPRA preoperative variables only marginally
increased the area under the curve with non-organ confined
prostate cancer at prostatectomy as outcome parameter®2, They
also postulated that cribriform histomorphologic features may be
associated with MYC and PTEN genomic alterations. To further
characterize the prognostic impact of CC/IDC, the present study
examined whether the inclusion of these features improves risk
stratification of CAPRA and NCCN at biopsy diagnosis.

In the present study, we found that the CAPRA score performed
better than the NCCN system in risk stratifying prostatic cancer
patients for time to BCR. This is concordant with the results of
another study by Zelic et al. in which they compared the
prognostic performance of several commonly utilized prostate
cancer risk stratification tools*>. They discovered that the MSKCC
nomograms and CAPRA score outperformed the D’Amico and
D’Amico-derived tools (including NCCN) at stratifying prostate
cancer deaths. The CAPRA score may also be preferable due to its
feasibilitgl and practicality compared to the other risk assessment
tools'%3*,

We also discovered that the addition of CC/IDC improves the
prognostic value for both CAPRA and NCCN for time to BCR and
EFS, particularly for the high risk/very high risk groups in both
nomograms. Our results are in keeping with two other studies by

Modern Pathology (2022) 35:1695-1701

Kweldam et al. in which CC/IDC was prognostic for BCR as well as
cancer specific mortality, including patients with high Gleason
scores'?>>. Our findings highlight the important role of cribriform
architecture adenocarcinoma in choosing the optimal manage-
ment plan for intermediate risk patients, especially when options
may include active surveillance and nodal dissection. Our findings
also underscore the importance for pathologists to report these
parameters, particularly for GG4 and 5 biopsy cases.

Some of the limitations of the present study include the
retrospective design and the inclusion of patients from only two
academic institutions. An inherent selection bias may exist as only
patients who underwent both biopsy and prostatectomy at our
institutions (both academic cancer centers) were included.
Particularly, most men with GG1 prostate cancer would be offered
active surveillance rather than prostatectomy, resulting in a study
population skewed for intermediate risk prostate cancer. Further-
more, the prognostic effect of CC/IDC was only studied in
conjunction with the CAPRA and NCCN risk assessment tools. It
is unclear whether the presence or absence of CC/IDC features
alters the prognostic impact of other risk prognostic tools such as
the D’Amico method and other nomograms. It is also worth noting
that variations of the CAPRA score exists and they are utilized in
different clinical settings and patient populations. For example, the
CAPRA-S score is utilized in post-radical prostatectomy patients. In
patients who have received primary androgen deprivation therapy
for more advanced disease, the Japan CAPRA or J-CAPRA score can
be used'®. Since these tools utilize different clinicopathological
variables, future studies can be conducted to determine how the
incorporation of CC/IDC alters their prognostic impact.
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In conclusion, we have demonstrated that the CAPRA risk score
allows better outcome stratification than NCCN. Addition of CC/
IDC status particularly improves patient stratification for CAPRA
scores 3-5, 6-10 and NCCN score 4 and 5-6; further confirming
their prognostic value and the importance of including these
histomorphologic features in pathology reports. Finally, since
various risk stratification tools utilize different clinicopathologic
variables, it remains to be further elucidated whether the inclusion
of CC/IDC on biopsy can improve their prognostic significance.

DATA AVAILABILITY
The datasets used in the current study are available from the authors upon
reasonable request.
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