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Purpose: This systematic review and meta-analysis aimed to assess the prognostic
impact of intraductal carcinoma of the prostate in patients with prostate cancer.

Materials and Methods: A systematic search was performed according to the
Preferred Reporting Items for Systematic Review and Meta-Analysis statement.
We searched PubMed�, Web of Science�, the Cochrane Library and Scopus� up
to October 2019. The end points were biochemical recurrence-free, cancer specific
and overall survival.

Results: We identified 32 studies with 179,766 patients. A total of 31 studies
containing 179,721 patients with localized and advanced prostate cancer were
eligible for meta-analysis. In localized prostate cancer intraductal disease was
associated with adverse outcomes including lower biochemical recurrence-free
survival (pooled HR 2.09, 95% CI 1.75e2.50) and cancer specific survival (pooled
HR 2.93, 95% CI 2.25e3.81). In advanced prostate cancer overall survival was
lower in patients with vs without intraductal disease (pooled HR 1.75, 95% CI
1.43e2.14). Subgroup analysis by specimen type revealed that intraductal carci-
noma of the prostate is a significant negative prognostic factor in both biopsies and
prostatectomy specimens. Moreover, subgroup analyses based on the histopatho-
logical definitions of intraductal carcinoma of the prostate indicated that intra-
ductal disease was significantly associated with lower biochemical recurrence-free,
cancer specific and overall survival for almost all definitions.

Conclusions: Intraductal disease is a histopathological feature of biologically and
clinically aggressive prostate cancer. It confers worse oncologic outcomes in both
localized and advanced prostate cancer, whether assessed in biopsy or prostatec-
tomy specimen. The pathologist should assess for and report on the presence of
intraductal disease in all prostate specimens. The urologist and radiation oncol-
ogist should consider this adverse feature in their clinical decision making.
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ADT [ androgen deprivation
therapy

BRFS [ biochemical recurrence-
free survival

CA [ cribriform architecture

CRPC [ castration resistant
prostate cancer

CSS [ cancer specific survival

DTX [ docetaxel

IDC-P [ intraductal carcinoma of
the prostate

OS [ overall survival

PCa [ prostate cancer

PSA [ prostate specific antigen

RP [ radical prostatectomy

RT [ radiotherapy

WHO [ World Health
Organization
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INTRADUCTAL carcinoma of the prostate is character-
ized by prostate carcinoma cells growing within
native prostatic ducts and/or acini.1,2 These tumors
are usually associated with adverse pathological fea-
tures such as a high Gleason score, a large tumor
volume and advanced tumor stage.3,4 The presence of
intraductal disease in radical prostatectomy or biopsy
specimens is reportedly associated with early relapse
after radical therapies.4e22 Moreover, intraductal
disease is reportedly associated with a decreased
response to chemotherapy and/or ADT in advanced
prostate cancer.23e29 This unfavorable impact on
survival caused intraductal carcinoma of the prostate
to be recognized as a new pathological entity in the
2016 World Health Organization classification.30

As the awareness of IDC-P has spread, reports
with a large number of cases have increased. Porter
et al revealed an unexpectedly high rate of IDC-P,
especially in aggressive PCa.31 However, no meta-
analysis has assessed the differential prognostic
impact of IDC-P in patients with PCa. Therefore, we
performed a systematic review and meta-analysis to
summarize the existing data regarding this relation-
ship and to assess the prognostic impact of IDC-P in
patients with PCa.

MATERIALS AND METHODS

Search Strategy
This systematic review and meta-analysis was performed
in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis guidelines.32 We
searched PubMed, Web of Science, the Cochrane Library
and Scopus to investigate the prognostic value of IDC-P in
patients with PCa up to October 2019. We searched arti-
cles published in the English language only. There was no
restriction regarding the publication period.

After an initial screening based on study titles and ab-
stracts all articles were assessed based on full texts and
excluded with reasons when inappropriate. A further check
of the appropriateness of the studies based on a full text
revision was performed after data extraction. The key-
words used in our search strategy were (“intraductal
carcinoma” or “intraductal carcinoma of the prostate” or
“IDC-P” or “intraductal”) and (“survival” or “prognosis” or
“outcome” or “mortality” or “progression” or “recurrence”)
and (“prostate cancer” or “prostate carcinoma” or “prostate
neoplasm”). The end points of interest were biochemical
recurrence-free, cancer specific and overall survival.

The initial screening was performed independently by 2
investigators based on the titles and abstracts to check
ineligible reports. The reasons for exclusions were recorded.
Potentially relevant reports were subjected to a full article
review, and the relevance of the report was confirmed
after the data extraction process. In case of multiple reports
of the same cohort the most complete data aggregated
with the longest followup duration were selected. Discrep-
ancies were resolved by consensus or recourse to the senior
author.

Inclusion and Exclusion Criteria
Studies were included if they compared patients with
intraductal carcinoma of the prostate who had undergone
radical prostatectomy, radiotherapy or ADT vs those
without IDC-P to assess the prognostic impact of IDC-P on
biochemical recurrence-free, cancer specific and overall
survival. Included series used multivariate Cox regression
analysis in nonrandomized, observational or cohort studies.
We excluded articles not in English, reviews, editorials,
letters or case reports.

Data Extraction
The information was extracted by 2 investigators indepen-
dently from the included articles and consisted of author
names, disease status, therapy, publication year, period of
registration, number of patients, study design, pathological
definition of IDC-P, specimen for diagnosis, age, prostate
specific antigen, rate of Gleason score greater than 7,
number of patients with IDC-P, followup duration, HRs and
95% CIs for the presence of IDC-P in multivariate analysis,
and oncologic outcomes. Subsequently the HRs and 95% CIs
of the presence of IDC-P associated with each of the out-
comes were retrieved. The HRs were extracted from the
multivariate analysis. Discrepancies were resolved by
consensus or recourse to the senior author.

Quality Assessment
To assess the quality of the included nonrandomized
studies, we used the Newcastle-Ottawa Scale (NOS) ac-
cording to the Cochrane Handbook for Systematic Reviews
of Interventions.33,34 In this meta-analysis the article
quality of cohort studies was assessed as low (0-3 points),
moderate (4-6 points) or high (7-9 points). The main con-
founding factors were identified as the important prog-
nostic factors of BRFS, CSS and OS. The articles were
reviewed to determine the presence of confounders. Studies
with scores above 6 were identified as “high quality”
choices.

Statistical Analyses
We performed meta-analyses of studies on localized and
advanced PCa. Advanced PCa was defined as PCa with
metastases. We separated the studies on localized and
advanced disease because the treatment strategies and
prognosis were very different between the 2 disease groups.
Forest plots were used to assess multivariate HRs and to
obtain summary HRs to describe the relationship of
intraductal disease with BRFS, CSS and OS. Biochemical
recurrence was defined as a PSA level of 0.2 ng/ml or
greater assessed at 2 consecutive time points more than 3
months apart after RP35 or any PSA increase greater than
2 ng/ml higher than the PSA nadir value after RT.36

Biochemical recurrence-free survival was defined as the
time from RP or RT to biochemical recurrence.

Many diagnostic criteria for IDC-P have been proposed
based on different concepts. This analysis included the
definitions of IDC-P based on McNeal and Yemoto,4 ICD
(International Classification of Diseases) Oncology 0e3
codes,6 WHO 2016 criteria,30 Guo and Epstein,37 and
Cohen et al,38 as well as Pickup, the International Society
of Urological Pathology 2014 grading system, SEER (Sur-
veillance, Epidemiology, and End Results) and the combi-
nation of published criteria.
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To assess the different possibilities for each definition,
subgroup analyses were performed subsequently based on
references of histopathological definition and specimen
types (biopsy or surgery). We also performed subgroup
analyses for each treatment type, such as RP and RT, in
localized PCa. Heterogeneity among the outcomes of
included studies in this meta-analysis was evaluated using
the Cochran Q test and I2 statistics. Significant heteroge-
neity was indicated by p <0.05 in the Cochran Q tests and
a ratio greater than 50% in I2 statistics. We used fixed ef-
fects models for the calculation of pooled HRs for non-
heterogeneity results. If there was heterogeneity, we used
random effects models.39e41 Publication bias was assessed
with funnel plots. All statistical analyses were performed
using Stata�/MP version 14.2, and statistical significance
level was set at p <0.05.

RESULTS

Literature Search

Overall, 703 publications were identified in the initial
search (218 in PubMed, 264 in Scopus, 221 in Web of
Science and 0 in the Cochrane Library). Among these
articles 326 were excluded because they were dupli-
cates, nonrelevant articles according to inclusion
criteria, books, reviews, editorial comments, case re-
ports, abstracts only or nonEnglish. A full text review
was performed for 94 potentially relevant articles.
After evaluating the selection criteria we identified 32
articles with 179,766 patients for systematic review

and 31 articles with 179,721 patients for meta-
analysis. The selection process and list are shown in
figure 1.4e29,42e47

Study Characteristics

There were 37 cohorts that were evaluated for end
points in the 32 included studies. Overall, 4,720
(2.6%) of the 179,766 patients had IDC-P. Of these
included cohorts 29 contained patients with local-
ized PCa and 8 contained patients with advanced
PCa. The prevalence of IDC-P was 2.3% (4,028 of
177,769 cases) in localized PCa and 34.8% (692 of
1,991) in advanced PCa. According to the NOS, 30
studies were considered high quality and 2 were
judged as medium quality (supplementary table 1,
https://www.jurology.com).

Meta-Analysis

Association of IDC-P with Biochemical Recurrence-Free

and Cancer Specific Survival in Localized PCa. We
assessed the association between IDC-P and BRFS in
21 cohorts including 14,465 patients with localized
PCa. The forest plot (fig. 2) revealed that the
presence of IDC-P was significantly associated with
worse BRFS (pooled HR 2.09, 95% CI 1.75e2.50;
z[8.15). The Cochran Q test (chi-square 65.97,
p[0.000) and I2 test (69.7%) showed significant
heterogeneity. The funnel plot identified 5 cohorts
over the pseudo 95% CI. Seven cohorts including

Figure 1. Literature search, screening and selection for inclusion in review
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163,100 patients had data available on the association
of IDC-P with CSS in localized PCa. The forest plot
(fig. 3) indicated that the presence of IDC-P was
significantly associated with worse CSS (pooled HR
2.93, 95% CI 2.25e3.81; z[8.01). The Cochran Q
test (chi-square 10.20, p[0.117) and I2 test (41.2%)
suggested no significant heterogeneity. The funnel
plot identified 1 cohort over the pseudo 95% CI.

Association of IDC-P with Overall Survival in Advanced

PCa. We assessed the association between IDC-P
and OS using 7 cohorts including 1,946 patients
with advanced PCa. The forest plot (fig. 4) revealed
that the presence of IDC-P was significantly
associated with worse OS (pooled HR 1.75, 95% CI
1.43e2.14; z[5.43). The Cochran Q test (chi-square
8.17, p[0.226) and I2 test (26.6%) indicated no
significant heterogeneity. The funnel plot identified
1 cohort over the pseudo 95% CI.

Subgroup Analyses. To confirm the influence of the
diagnostic methods of IDC-P, subgroup analyses were
performed subsequently based on the histopathological
definition and specimen types (supplementary tables
1a to 2b, https://www.jurology.com). In localized PCa
11 cohorts were based on biopsy, 16 on RP, and 2 on
both biopsy and RP specimens. In advanced PCa

IDC-P status in all the cohorts was diagnosed on
biopsy specimens. Subgroup analysis based on the
specimen type showed that the presence of IDC-P
was a significant prognostic factor in both biopsy
specimens (supplementary fig. 1A, https://www.
jurology.com) and RP specimens (supplementary
fig. 1B, https://www.jurology.com).

Subgroup analyses based on histopathological
IDC-P definition revealed that cases with vs without
IDC-P were significantly associated with worse
biochemical recurrence-free, cancer specific and over-
all survival for the definitions defined by McNeal and
Yemoto (pooled HR 2.58, 95% CI 1.60e4.14 for overall
survival),4 Guo and Epstein (pooled HR 1.86, 95% CI
1.25e2.76 for biochemical recurrence-free survival;
pooled HR 2.60, 95% CI 1.74e3.88 for cancer specific
survival; pooled HR 1.61, 95% CI 1.28e2.01 for overall
survival),37 Cohen et al (pooled HR 1.86, 95% CI
1.61e2.14 for biochemical recurrence-free survival),38

WHO 2016 criteria (pooled HR 5.78, 95% CI
1.73e19.31 for cancer specific survival)30 and combi-
nation based on the published criteria (pooled HR 2.50,
95% CI 2.06e3.03 for biochemical recurrence-free
survival; supplementary figs. 2A to 2C, https://www.
jurology.com). Only 1 analysis of BRFS referred from
the definition by McNeal and Yemoto was not

Figure 2. Biochemical recurrence-free survival in patients with localized prostate cancer
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significant (pooled HR 2.60, 95% CI 0.66e10.27). This
analysis had high heterogeneity (95.1%) and its sam-
ple size was small.

In localized PCa RP or RT was performed as a
curative treatment. Subgroup analyses based on the
treatment type revealed that cases with vs without
IDC-P were significantly associated with worse out-
comes for both the RP (pooled HR 2.08, 95% CI
1.71e2.55 for biochemical recurrence-free survival;
pooled HR 2.30, 95% CI 1.01e5.22 for cancer specific
survival) and RT groups (pooled HR 2.05, 95% CI
1.34e3.13 for biochemical recurrence-free sur-
vival; supplementary figs. 3A and 3B, https://www.
jurology.com).

DISCUSSION
We performed this review and meta-analysis to
investigate the impact of IDC-P on PCa prognosis. To
our knowledge, this is the first meta-analysis re-
ported on the prognosis of IDC-P. These analyses
were divided into 2 groups, localized and advanced
PCa, because the treatment strategies and prognosis
are very different between the 2 disease states.

Porter et al reported that the incidence of IDC-P
varied from 2.1% to 56% in different stages of dis-
ease, and that compared with localized PCa, IDC-P

prevalence in patients with metastatic and CRPC
was relatively higher.31 Similarly our results showed
that IDC-P prevalence in patients with advanced PCa
(34.8%) was higher than in patients with localized
disease (2.3%). This meta-analysis indicated that the
presence of IDC-P was a significant poor prognostic
factor in both groups. However, some careful consid-
erations are required to evaluate IDC-P. The most
important consideration is that various different
diagnostic criteria for IDC-P have been proposed and
used. Different criteria may influence IDC-P inci-
dence and prognosis. Kimura et al reported that the
incidence of IDC-P with the criteria of either McNeal
and Yemoto4 or Guo and Epstein37 was different in
RP cases.10 Therefore, we thought that it was neces-
sary to perform subgroup analyses based on the his-
topathological definition and specimen types.

The diagnostic criteria and clinical significance of
IDC-P have been discussed for many decades. In
1985 Kovi et al described IDC-P as a distinct entity
in which prostate carcinoma cells are dispersed
within lumen spanning preexisting prostate ducts
and/or acini.2 In this report IDC-P was present in
48% of 139 PCa cases in the series, consisting mainly
of transurethral resection specimens. McNeal et al
described IDC-P in more detail in 1986.3 Further-
more, McNeal and Yemoto investigated 130 RP

Figure 3. Cancer specific survival in patients with localized prostate cancer
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specimens and described key morphological criteria
for the diagnosis of IDC-P in 1996.4 In 2006 Guo and
Epstein also described the histological features to
identify IDC-P in needle biopsy.37 Since then, many
definitions of IDC-P have been described, including
those by Cohen et al,38 Pickup, as reported by Shah
et al,48 Herawi, as reported by Tsuzuki,49 and Tavora,
as reported by Varma et al.50 Moreover, there were
many reports of clinical results using definitions that
combine various criteria.

The key features of the overall consensus on the
diagnosis of IDC-P are prevention of the basal cell
layer at least partially, and the malignant cells
extending and expanding into preexisting normal
prostate ducts and acini. Meanwhile, there are some
differences in the proposed criteria in various set-
tings. The definition of McNeal and Yemoto was
based on prostatectomy specimens, particularly those
with a volume between 4 and 10 ml.4 All cases of
IDC-P defined by them were associated with invasive
prostate carcinoma. In contrast, the definition of Guo
and Epstein was based on needle biopsy specimens.37

In addition to the aforementioned key features,
diagnosis of IDC-P requires the presence of a solid or
dense cribriform pattern. Furthermore, they pro-
posed strict criteria to diagnose IDC-P without inva-
sive prostate carcinoma. These criteria were proposed

to include only cases in which the possibility of high
grade prostatic intraepithelial neoplasia could be
definitively excluded.37 However, some pathologists
consider the interpretation of this definition (nucleus
size) as inconsistent, and the incidence of IDC-P
without invasive prostate carcinoma is extremely
rare. Hence some of them consider that the man-
agement of IDC-P without invasive prostate carci-
noma on needle biopsies should be carefully done.49,50

According to the definition of Cohen et al, the
lumen size must be at least twice as large as the
benign size but the size of the nucleus is not empha-
sized.38 Recently the morphological criteria described
by Guo and Epstein37 have been most frequently used
to identify IDC-P in all types of prostate specimens.51

IDC-P was formally approved as a biologically distinct
entity in the WHO 2016 prostate tumor classifica-
tion.30 Notably although the WHO 2016 classification
suggests several criteria for IDC-P and characterizes
IDC-P, there is no definition in the chapter on clas-
sification. Thus, uniform IDC-P criteria are needed.
This systematic review and meta-analysis included
several definitions of IDC-P. The most common single
definition was the one proposed by Guo and Epstein.37

However, 9 cohorts used a combination of published
criteria. Interestingly subgroup analyses based on the
histopathological IDC-P definition revealed that

Figure 4. Overall survival in patients with advanced prostate cancer
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compared with no IDC-P, IDC-P was significantly
associated with worse biochemical recurrence-free,
cancer specific and overall survival in both major
definitions and combination definitions. Moreover,
subgroup analysis by specimen type showed that the
presence of IDC-P was a significant prognostic factor
in both biopsies and surgical specimens. Despite some
differences in the proposed criteria in different set-
tings, IDC-P was consistently a poor prognostic factor.

IDC-P includes 2 biologically distinct diseases that
need to be considered separately. IDC-P associated
with invasive carcinoma generally represents a
growth pattern of aggressive invasive carcinoma.
Taylor et al reported that IDC-P and invasive
adenocarcinoma arise from the same ancestral clone
in subclonal evolution analysis.52 These data suggest
a common ancestral origin for IDC-P and invasive
adenocarcinoma and may indicate the increased
clinical aggressiveness of prostate cancers with IDC-
P. Although pure IDC-P is a precursor lesion
similar to HGPIN and rarely encountered, most cases
of pure IDC-P in prostate needle biopsies represent
IDC-P with an unsampled invasive component.50 The
management of patients with pure IDC-P in needle
biopsies is controversial. Some experts recommend
radical therapy immediately,37,38 whereas others
recommend repeat biopsy, as some patients may have
only pure IDC-P.50,53 Further investigations are
needed to clarify the management of the patients
with pure IDC-P.

Our data suggest the need to identify new treat-
ment strategies for patients with intraductal carci-
noma of the prostate. In localized PCa RP or RT is
usually performed as a curative treatment. Some
experts recommended prompt radical therapy for
localized PCa with IDC-P even in the absence of an
invasive feature because such patients have high
grade, locally advanced or metastatic PCa.37,38 In a
subanalysis by treatment type the presence of IDC-P
was a poor prognostic factor for patients treated with
RP as well as RT. The best management of patients
diagnosed with IDC-P has not yet been determined.
Even a small amount of IDC-P identified on a pros-
tate biopsy may reportedly be aggressive even in the
absence of high grade carcinoma.54 Therefore, the
presence of IDC-P on prostate biopsy has been pro-
posed as an exclusion criterion for active surveillance.

Similarly in advanced PCa, patients with IDC-P
also had a worse prognosis than those without
IDC-P. Recently several trials have demonstrated
the efficacy of up-front administration of docetaxel or
abiraterone combined with ADT in patients with
metastatic hormone sensitive PCa and high tumor
burden.55�59 To our knowledge, there are no reports
investigating the association between IDC-P and
hormone sensitive PCa in patients who received up-
front treatment with abiraterone or DTX. In this

systematic review 2 studies evaluated the association
of IDC-P with prognosis of patients with CRPC. Both
studies showed that patients with IDC-P had worse
OS than those without IDC-P.26,28 Interestingly Zhao
et al suggested that IDC-P, particularly the nonpure
cribriform pattern, seemed to be associated with
much worse response to DTX than abiraterone in
patients with metastatic CRPC.28

Some reports on the molecular characteristics of
IDC-P have been published. Loss of heterozygosity of
common tumor suppressor genes was reportedly found
in 60% of IDC-P cases.60 Bettendorf et al observed
particularly high rates of loss of heterozygosity in
PTEN, TP53 and RB.61 Additionally TMPRSS2-ERG
gene fusions were reportedly observed in 75% cases
of IDC-P.62 Lotan et al confirmed that cytoplasmic
PTEN loss and ERG expression were common in
IDC-P.63 Thus, PTEN and ERG could potentially be
diagnostic markers of IDC-P.49

Furthermore, TMPRSS2-ERG fusion was report-
edly not associated with PCa recurrence or PCa
specific death.64 However, detection of TMPRSS2-
ERG predicts resistance to DTX by evaluating
TMPRSS2-ERG expression using peripheral blood
mononuclear cells and tissue from patients with
metastatic CRPC treated with taxanes.65 Conversely
TMPRSS2-ERG status reportedly was not associated
with response to abiraterone treatment.66 Thus,
abiraterone, instead of DTX, might theoretically be
more suitable in this patient group. Risbridger et al
observed that intraductal growth was significantly
more prevalent in xenografts from BRCA2 mutated
cases than in sporadic cases.67 BRCA2 mutant PCa
harboring IDC-P was reported by Taylor et al to be
related to genomic and epigenetic dysregulation of
the MED12L/MED12 axis, which has been impli-
cated in cell proliferation and neuroendocrine dif-
ferentiation.68 Furthermore, they reported newly
diagnosed BRCA-2 mutant tumors had molecular
and genomic features that were more similar to those
present in CRPC tumors and commonly showed
concurrent presence of IDC-P.52 These tumors may
be responsive to treatment with PARP inhibitors.
The latest National Comprehensive Cancer
Network� guideline recommends genetic tests for
patients with IDC-P in needle biopsy.69 Future
studies will be required to clarify the molecular in-
formation about IDC-P and to identify effective
managements for patients with intraductal carci-
noma of the prostate.

Several limitations exist in the current study.
First, all included series had a retrospective design,
which increases selection bias. It is also possible that
negative results were not published. Second, het-
erogeneity was detected for BRFS analysis, limiting
the value of these results. One possible cause is
the different definitions of recurrence between
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prostatectomy and radiation therapy, and another
possible cause is the coexistence of old and new re-
ports. Random effect models considered the hetero-
geneity among studies but the conclusions should be
interpreted with caution. Third, each study included
different independent variables in the multivariable
analysis, which may have caused confounders.

In addition, in this review some reports have
treated IDC-P and carcinoma with cribriform archi-
tecture together when assessing the prognostic
impact.5,18,20 One reason suggested is the difficulty
in distinguishing invasive CA from IDC-P without
basal cell immunohistochemistry.49,70 There are
some reports assessing the impact of the distinction
between CA and IDC-P but there is still no consensus
regarding its clinical impact.18,20,44 Therefore,
whether the distinction between CA and IDC-P is
clinically relevant remains unclear. Future studies
including assessment of genomic alterations are
required to clarify the benefit of subtyping CA and
IDC-P. Finally, pathological specimens were evalu-
ated at each institution. These factors could have
influenced the misinterpretation of pathological

reports and may have had various effects on onco-
logic outcomes. Varma et al surveyed 23 expert uro-
pathologists and reported that there were significant
variations in the diagnostic criteria and rules to
report IDC-P.71 Therefore, well designed, prospective
studies are required to validate the prognostic
impact of IDC-P in the clinical setting.

CONCLUSIONS
This meta-analysis demonstrated that biochemical
recurrence-free and cancer specific survival were
significantly worse in patients with localized PCa,
and overall survival was worse in patients with
advanced PCa among those with vs without IDC-P.
In subgroup analyses IDC-P was consistently a
poor prognostic factor regardless of the histopatho-
logical IDC-P definition or the specimen type.
Therefore, even when the specimen is based on bi-
opsy or RP, it is better that the pathologists describe
the presence of IDC-P and that urologists use this
information as a prognostic factor to determine
treatment strategies.
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