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The presence of intraductal carcinoma of the
prostate is closely associated with poor prognosis: a
systematic review and meta-analysis

Yu-Cong Zhang"*’, Guo-Liang Sun"", De-Lin Ma?, Chao Wei', Hao-Jie Shang', Zhuo Liu', Rui Li', Tao Wang',
Shao-Gang Wang', Ji-Hong Liu', Xia-Ming Liu'

We aimed to confirm the predictive ability of the presence of intraductal carcinoma of the prostate (IDC-P) for prognosis and the
associations between IDC-P and clinicopathological parameters. Studies were identified in PubMed, Cochrane Library, EMBASE,
Web of Science, and SCOPUS up to December 1, 2019. Hazard ratios (HRs) for survival data and odds ratios for clinicopathological
data with 95% confidence intervals (Cls) were extracted. Heterogeneity was evaluated by the I value, and quality was assessed
by the Newcastle-Ottawa Scale criteria. A total of 4179 patients from 13 studies were included. The results showed that IDC-P
presence was significantly associated with poor progression-free survival (PFS; HR = 2.31; 95% CI: 1.96-2.73), cancer-specific
survival (HR = 1.89; 95% Cl: 1.28-2.77), and overall survival (HR = 2.14; 95% CI: 1.53-3.01). In the subgroup analysis, IDC-P
presence was significantly associated with poor PFS in prostate cancer treated by radical prostatectomy (HR = 2.48; 95% Cl:
2.05-3.00) and treated by radiotherapy (HR = 2.83; 95% Cl: 1.65-4.85). Regarding clinicopathological characteristics, patients
with IDC-P presence had significantly higher tumor clinical stages, Gleason scores, probabilities of lymph node invasion, positive
surgical margins, and positive extraprostatic extension. Our meta-analysis indicates that the presence of IDC-P is closely associated
with poor prognosis and adverse clinicopathological characteristics. Our data support the value and clinical utility of the routine
detection of IDC-P by pathological examination. These conclusions need further validation, and prospective studies are needed to

find better treatment modalities other than traditional first-line therapy for patients with IDC-P.
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INTRODUCTION

Due to the high heterogeneity in histology, genetics, and clinical
outcomes, the management of newly diagnosed prostate cancer remains
challenging. Currently, the clinical decision is usually made according
to the serum prostate-specific antigen (PSA) level, clinical tumor stage,
and Gleason score by biopsy. Although there are several powerful
prognostic predictive factors, including TNM staging, a stronger one
remains lacking so far. Intraductal carcinoma of the prostate (IDC-P)
is a histological variant of prostate cancer that has been identified as a
potential prognostic factor. IDC-P is a distinctive morphologic entity
characterized by malignant cells expanding the lumen of prostatic ducts
and acini, but a partial rim of basal cells continues to be present.'
Originally, IDC-P was considered a representation of the intraductal
spread of frankly invasive carcinoma, and it was also used to represent
a prostate cancer precursor.”” The criteria for IDC-P are as follows:
(1) 2-fold expansion of prostate gland lumina; (2) neoplastic cell
span in a solid or cribriform architecture of the lumen of glands in
which a basal cell layer is retained; and (3) nuclear atypia.> IDC-P is

strongly associated with high-grade and high-volume invasive prostate
cancer and unfavorable clinical outcomes.** The incidence of IDC-P
is approximately 20%.5* Moreover, IDC-P has been recognized in
the 2014 International Society of Urological Pathology (ISUP) and
2016 World Health Organization classifications>® and was officially
recommended to be reported by the College of American Pathologists
in2017.1

Until now, some clinical studies have reported the treatment
prognosis of IDC-P with conflicting results.”? To further confirm the
predictive ability of IDC-P for treatment outcome, we conducted this
systematic review and meta-analysis of relevant studies.

MATERIALS AND METHODS

Data sources and searches

A comprehensive literature search was performed in databases
including PubMed, Cochrane Library, EMBASE, Web of Science, and
SCOPUS to identify relevant studies up to December 1, 2019. The
following terms and their combinations were employed: ([“prostate
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cancer”] AND [“intraductal carcinoma”]) OR (“IDC-P”) OR
(“intraductal carcinoma of the prostate”) OR (“intraductal carcinoma
of prostate”).

Study selection

Each study was independently examined by two reviewers (GLS and
YCZ) for a comprehensive evaluation according to the following
inclusion criteria: (1) patients were confirmed to have prostate cancer by
pathological examination; (2) IDC-P was identified in prostate cancer
by either needle biopsies or whole tumor specimen examination and
was divided into present and absent categories; (3) studies investigated
the associations between IDC-P and clinicopathological features or
prognosis; (4) studies directly provided the hazard ratios (HRs) with
the corresponding 95% confidence intervals (Cls) or survival curves
of patients to estimate them; and (5) studies were published in English.
The exclusion criteria were as follows: (1) case reports, letters, reviews,
editorials, notes, or meeting abstracts; (2) nonhuman studies or in vitro
studies; (3) duplicated studies with overlapping data; or (4) studies that
provided information unable to be pooled.

Data extraction

Two authors (CW and HJS) independently extracted and summarized
the data of interest, and any disagreements were resolved by discussion.
The following basic characteristics were collected: name of the first
author, year of publication, country, tumor type, treatment, number of
patients, age, Gleason score, tumor stage, nodal status, PSA, and follow-
up months. For survival data, IDC-P status (present or absent) with
HRs and 95% Cls for progression-free survival (PFS), cancer-specific
survival (CSS), and overall survival (OS) was collected. The following
clinicopathological data were extracted: numbers of IDC-P present and
absent patients with (1) PSA values, (2) tumor stages cT1-cT2, (3) tumor
stages cT3-cT4, (4) Gleason scores 28, (5) Gleason scores <8, (6) lymph
node metastasis NO, (7) lymph node metastasis N1, (8) positive surgical
margins, (9) negative surgical margins, (10) positive extraprostatic
extension, and (11) negative extraprostatic extension.

Population, interventions, comparators, outcomes, and study designs
(PICOS)

The population of our study was prostate cancer patients. IDC-P status
was assessed in these patients. The presence or absence of IDC-P was
compared by the endpoints including PES, CSS, and OS. The associations
between IDC-P status and clinicopathological characteristics were
evaluated. The study was designed to evaluate the associations between
IDC-P status and prognosis and clinicopathological characteristics.

Quality assessment

Quality assessment was independently performed by two investigators
(ZL and RL) according to the Newcastle-Ottawa Scale (NOS) criteria."?
The NOS criteria consist of the following three parameters of quality:
(1) selection 0-4; (2) comparability 0-2; and (3) exposure/outcome
0-3." Studies scoring greater than five were considered to be of high
quality.

Data synthesis and analyses

HRs with their 95% CIs were used to estimate the associations between
PES, CSS, and OS and IDC-P status. Patients were dichotomized by
tumor stage (cT1-T2 vs cT3-T4), Gleason score (<8 vs 28), lymph
node metastasis (NO vs N1), surgical margins (positive vs negative), and
extraprostatic extension (positive vs negative). Odds ratios (ORs) with
95% CIs were used to evaluate the associations between IDC-P status
and clinicopathological features. We used Review Manager software
version 5.3 (The Nordic Cochrane Centre, Copenhagen, Denmark) to
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calculate the HRs and ORs with 95% Cls. Heterogeneity was assessed
by the Chi-squared test and I* statistic. Fixed-effects models were
employed when the P-values of the Chi-squared test were greater than
or equal to 0.05, and random-effects models were employed when the
P-values were less than 0.05. The statistical tests were two-sided, and
P < 0.05 was considered to be statistically significant. Publication bias
was assessed by funnel plots if the number of included cohorts was >10.

RESULTS

Study characteristics

As shown in Figure 1, 906 records were initially identified, and 13
articles were included in the final qualitative and quantitative synthesis.
Supplementary Table 1 shows the characteristics of the included
studies.>'** These studies were published between 2010 and 2019. A
total of 4179 patients from 5 countries, including America, Canada,
Japan, China, and Norway, were included. Of note, the article by van der
Kwast et al.? offered two cohorts, one of which included 2 arms. In these
articles, IDC-P status was detected by immunohistochemistry, with the
percentage ranging from 9.4% to 76.5%. According to the NOS score,
all included studies were of high quality (Supplementary Table 2).

Prognostic value of IDC-P status in prostate cancer
Nine studies including 11 comparisons reported the relationship
between PFS and IDC-P status.>!*!61%21:2%2> The HR for PFS showed
that IDC-P present status was significantly associated with poor
PFES in prostate cancer. IDC-P present status increased the risk of
progression by 131% with fixed effects (HR = 2.31;95% CI: 1.96-2.73;
P < 0.00001; Figure 2a). There was no significant heterogeneity
(P =0.31; I* = 14%). Publication bias was assessed by a funnel plot,
which indicated moderate publication bias (Supplementary Figure 1).
Four studies reported the association between CSS and IDC-P
status.'#!72%22 The HR showed that IDC-P present status was
significantly associated with poor CSS in prostate cancer, and it
increased the risk of cancer-specific death by 89% (HR = 1.89; 95% CI:
1.28-2.77; P=0.001; Figure 2b). There was no significant heterogeneity
(P=0.38; > =3%), so a fixed-effects model was used.

§ Records identified through Additional records identified
8 database searching through other sources
E] (n=906) (n=0)
l l
Records after duplicates removed
(n=517)
(G2 Records excluded (n = 451):
94 excluded for non-original articles|
2 10 excluded for meeting abstracts
E Record_s screened 34 excluded for animal or cell lines
g (n=517) experiments
(2] 313 excluded for not in the field of
interests
— Fulltext articles excluded with
. _ reason (n=53):
Full-text artlt?lgs_ . 26 excluded for no survival data or
assess?’t’i ioéee)“g'b"'ty clinicopathologic features
E’ 25 excluded for no analyzable data
}g’ l 2 excluded for duplicated patients
o
Studies included in
() qualitative synthesis
(n=13)
Studies included in
g quantitative synthesis
% (meta-analysis)
£ (n=13)

Figure 1: Study selection process.
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Hazard ratio Hazard ratio

Study or subgroup loglhazard ratio)] SE Weight IV, fixed, 95% CI IV, fixed, 95% CI

Kato et al. " 2016 0.3001 0.2301 13.7% 1.35[0.86, 2.12] T

Kato ef al. 1 2019 0.7756 0.1614 27.9% 2.17[1.58,2.98] ——

Kimura et al. 7 2014 1.1217 0.3862 4.9% 3.07 [1.44,6.54] —

van der Kwast et al. 22 2012 EORTC cohort RT arm 0.8459 0.3647 5.5% 2.33[1.14,4.76] —_—

van der Kwast et al. 22 2012 EORTC cohort RT plus LTAD arm 0.967 0.5089 2.8%  2.63[0.97,7.13]

van der Kwast et al. 22012 PMH cohort 1.9824 0.7318 14%  7.26[1.73,30.47]

Miyai ef al. % 2014 05365 0.961 0.8% 1.71[0.26, 11.25] _

Murata ef al. 1 2018 08713 02242 145%  2.39[1.54,371] —

O'Brien et al. 3 2010 0.9555 0.2806 9.2% 2.60[1.50,4.51] E—

Trinh et al. ' 2019 08713 02585 109%  2.39[1.44,3.97] —

Zhu et al. %5 2019 1.3167 0.293 8.5% 3.73[2.10, 6.63] —_—

Total (95% Cl) 100.0%  2.31[1.96,2.73] *

Heterogeneity: Chi2 = 11.65, df = 10 (P = 0.31); P = 14% k t t |

Test for overall effect: Z= 9.82 (P < 0.00001) 0.01 0.1 1 10 100
E Favours [IDC-P present] Favours [IDC-P absent]

Hazard ratio Hazard ratio

Study or subgroup log[hazard ratio] SE Weight 1V, fixed, 95% CI 1V, fixed, 95% CI

Kato et al. * 2016 0.7561 0.3189 38.1% 2.13[1.14,3.98] ——

Kimura et al. 7 2014 1.4996 0.6637 8.8% 4.48[1.22, 16.45] —_—

Saeter et al. 2 2017 0.5306 0.3245 36.8% 1.70[0.90, 3.21] +——

Trinh et al. 2 2018 0.1133 0.4884 16.3% 1.12[0.43, 2.92] R

Total (95% Cl) 100.0% 1.89[1.28, 2.77] -

Heterogeneity: Chi? = 3.09, df = 3 (P =0.38); P = 3% I } | |

Test for overall effect: Z=3.22 (P =0.001) 0.01 0.1 1 10 100
m - Favours [IDC-P present] Favours [IDC-P absent]

Hazard ratio Hazard ratio

Study or subgroup log[hazard ratio] SE Weight IV, fixed, 95% CI IV, fixed, 95% CI

Kato et al. * 2016 0.9783 0.3026 32.7% 2.66 [1.47,4.81] ——

Kato et al. 12018 0.6678 0.3257 28.2% 1.95[1.03, 3.69] ——

Zhao et al. > 2017 0.6471 0.2769 39.1% 1.91[1.11, 3.29] ——

Total (95% CI) 100.0% 2.14[1.53,3.01] ’

Heterogeneity: Chi2 = 0.77, df =2 (P = 0.68); = 0% ; } . |

Test for overall effect: Z=4.40 (P < 0.0001) 0.01 0.1 1 10 100

Favours [IDC-P present] Favours [IDC-P absent]

Figure 2: Forest plots assessing the association between IDC-P status and (a) progression-free survival, (b) cancer-specific survival, and (¢) overall survival in
patients with prostate cancer. SE: standard error; Cl: confidence interval; df: degrees of freedom; IDC-P: intraductal carcinoma of the prostate.

Three studies discussed the relation between CSS and IDC-P
status.!*>* A significant association between IDC-P present status and
an increased risk for death was found (fixed-effects model, HR = 2.14;
95% CI: 1.53-3.01; P < 0.0001; Figure 2c), without significant
heterogeneity (P = 0.68; I* = 0%).

Prognostic value of IDC-P status in prostate cancer with radical
prostatectomy (RP)

Seven studies reported the relationship between PFS and the IDC-P
status of prostate cancer treated by RP.>'¢1*212 IDC-P present status
was significantly associated with poor PFS in prostate cancer treated
by RP with a fixed effect (HR = 2.48; 95% CI: 2.05-3.00; P < 0.00001;
Figure 3a).

Prognostic value of IDC-P status in prostate cancer with radiotherapy
(RT)

IDC-P present status was significantly related to poor PFS in prostate
cancer treated by RT, and it increased the risk of progression by 183%
(HR = 2.83; 95% CI: 1.65-4.85; P = 0.0002; Figure 3b). There was no
significant heterogeneity (P = 0.37; I* = 0%), so a fixed-effects model
was used.

Associations between clinicopathological characteristics and IDC-P
status in prostate cancer

We compared the clinicopathological characteristics of IDC-P present
and absent patients (Figure 4). There was no significant difference in the
PSA values between the two groups (weighted mean difference [WMD)]
=1.59,95% CI: -1.62-4.79; P = 0.33). Furthermore, significantly more

IDC-P present patients seemed to have clinical stage T3-T4 (OR =2.20,
95% CI: 1.14-4.22; P = 0.02), higher Gleason scores (OR = 4.03, 95%
CI: 2.40-6.75; P < 0.00001), N1 lymph node status (OR = 3.79, 95%
CI: 1.97-7.28; P < 0.0001), positive surgical margins (OR = 1.77; 95%
CI: 1.26-2.48; P = 0.0009), and positive extraprostatic extension (OR
=3.49, 95% CI: 1.88-6.47; P < 0.0001) than IDC-P absent patients.
Significant heterogeneity was detected in the analyses of clinical stage
(P = 0.008), Gleason score (P = 0.004), and extraprostatic extension
(P=0.02), so random-effects models were used. In the other analyses,
fixed-effects models were used.

DISCUSSION

IDC-P is defined as the growth of tumor cells within benign prostatic
ducts and acini.”® Specifically, it is defined as malignant epithelial cells
filling large acini and prostatic ducts, with the preservation of basal cells
forming either solid or dense cribriform patterns or loose cribriform
or micropapillary patterns with marked nuclear atypia (nuclei six
times the normal size or larger) or comedonecrosis.” IDC-P is usually
juxtaposed with invasive adenocarcinoma, and both histopathologies
arise from a common tumor clone.”® Tumors with IDC-P are also
enriched for copy number aberrations, which are associated with poor
prognosis.” Several studies have reported on genetic abnormalities
related to cribriform (CR)/IDC-P. Dawkins et al.* reported frequent
losses of 8p22 and 16q23.1 in intraductal carcinoma. Bettendorf et al.*!
found that intraductal carcinoma has more frequent losses of tumor
protein p53 (TP53), RB transcriptional corepressor 1 (RB1), and
phosphatase and tensin homolog (PTEN). Using breakpoint regions
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Hazard ratio Hazard ratio
Study or subgroup log[hazard ratio] SE Weight 1V, fixed, 95% CI IV, fixed, 95% CI
Kato ef al. 1 2019 0.7756 0.1614 36.4% 2.17[1.58,2.98] =
Kimura et al. 7 2014 1.1217 0.3862 6.4% 3.07[1.44,6.54] —
Miyai et al. ¢ 2014 0.5365 0.961 1.0% 1.7110.26, 11.25]
Murata et al. 1 2018 0.8713 0.2242 18.9% 2.39[1.54,3.71] —
O'Brien et al. 3 2010 0.9555 0.2806 12.1% 2.60[1.50,4.51] —_—
Trinh et al. 2 2019 0.8713 0.2585 14.2% 2.39[1.44,3.97] —_——
Zhu et al. 5 2019 1.3167 0.293 11.1% 3.73[2.10, 6.63] —_—
Total (95% CI) 100.0% 2.48[2.05,3.00] ’
Heterogeneity: Chi? = 3.15, df = 6 (P = 0.79); 2= 0% ; t } {
Test for overall effect: Z=9.32 (P < 0.00001) 0.01 0.1 1 10 100
E Favours [IDC-P present] Favours [IDC-P absent]
Hazard ratio Hazard ratio

Study or subgroup log[hazard ratio)] SE Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
van der Kwast et al. 2 2012 EORTC cohort RT arm 08459 0.3647 56.8%  2.33[1.14,4.76] ——
van der Kwast et al. 2 2012 EORTC cohort RT plus LTAD arm  0.967  0.5089 29.1% 2.63[0.97,7.13] T—
van der Kwast et al. 22012 PMH cohort 1.9824 07318 14.1% 7.26[1.73, 30.47] —_—
Total (95% Cl) 100.0%  2.83[1.65,4.85] -
Heterogeneity: Chiz = 1.96, df =2 (P = 0.37); 2= 0% k t + |

0.01 0.1 1 10 100

IaTesl for overall effect: Z= 3.79 (P = 0.0002)

Favours [IDC-P present] Favours [IDC-P absent]

Figure 3: Forest plots assessing the association between IDC-P status and progression-free survival in patients with prostate cancer treated by (a) RP or (b) RT.
SE: standard error; Cl: confidence interval; df: degrees of freedom; RT: radiotherapy; RP: radical prostatectomy; IDC-P: intraductal carcinoma of the prostate.

to infer phylogenetic relationships, Lindberg et al.** showed that the
clone closely related to metastases was found in intraductal carcinoma.
These findings are consistent with the reporting of IDC-P in patients
with adverse pathological and clinical features.?®

The incidence of IDC-P was reported to be 36.3% in needle biopsies
and 50.5% in radical prostatectomy specimens of high-risk prostate
cancer patients, and the incidence rose to 67% in patients with distant
metastasis at initial diagnosis." Although in the TAX327 study, visceral
metastasis, performance status, pain, and hemoglobin and alkaline
phosphatase levels were proposed as prognostic parameters for overall
survival,”*** they demonstrated that the presence of IDC-P on needle
biopsy was the strongest prognostic parameter for cancer-specific
survival and overall survival among previously reported parameters,
including clinical parameters, in patients with distant metastasis at
initial diagnosis.

However, two studies also discussed the relationship between
the presence of IDC-P on diagnostic needle biopsy and a high risk
of mortality in localized and metastatic prostate cancer patients.”**
Neither of these studies demonstrated that the presence of IDC-P was
a prognostic factor by multivariate analysis, although they showed that
it was a prognostic factor by univariate analysis. Even so, the detection
of IDC-P in a needle biopsy may still be superior to prostatectomy in
predicting high-risk and aggressive prostate cancer. Furthermore, the
detection of IDC-P in a needle biopsy can provide useful information
regarding patient outcomes prior to radical prostatectomy. Pre- and/or
postsurgical therapies may be needed to improve outcomes in patients
with IDC-P in needle biopsies.'®

Although some conflicting results have been reported, our meta-
analysis also demonstrates that IDC-P is related to poor prognosis
and adverse pathological and clinical features. Overall, the presence
of IDC-P is significantly related to shorter PFS, CSS, and OS. Whether
undergoing RP or RT, patients with IDC-P show a higher risk of tumor
progression. In addition, patients with IDC-P showed significantly
higher PSA values, tumor stages, Gleason scores, probabilities of lymph
node invasion, positive surgical margins, and positive extraprostatic
extension. Therefore, beyond RP and RT, other antitumor modalities
may be necessary for IDC-P patients.

The chemohormonal therapy versus androgen ablation randomized
trial for extensive disease in prostate cancer (CHAARTED) study
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and the systemic therapy in advancing or metastatic prostate cancer:
evaluation of drug efficacy (STAMPEDE) trial demonstrated that
upfront chemotherapy combined with androgen deprivation therapy
could improve survival in high-volume hormone-sensitive metastatic
prostate cancer.’** van Soest et al.*’ reported that docetaxel had the
most pronounced survival benefit in patients with poorly differentiated
tumors (Gleason scores 7-10). Therefore, patients with metastatic
prostate cancer with intraductal carcinoma of the prostate detected in
biopsy specimens are highly likely to obtain the greatest benefit from
chemotherapy as a first-line treatment instead of androgen deprivation
therapy.'* Prospective studies are needed to verify this finding.

Porter et al.'> demonstrated in their systematic review that high
IDC-P prevalence was strongly associated with aggressive prostate
cancer. Specifically, the IDC-P prevalence was 2.1% in low-risk patients,
but increased to 23.1%, 36.7%, and 56.0% in moderate-risk, high-risk,
and metastatic or recurrent disease patients, respectively.'* In addition,
IDC-P had a prevalence of 60% in patients following androgen
deprivation therapy or chemotherapy.”? In our study, a detailed
meta-analysis was implemented, and new elements were reported.
We compared the survival data between IDC-P present and absent
patients. Stratified analysis according to treatment modalities, including
RP and RT therapy, was also conducted. Moreover, pathological and
clinical characteristics were compared between IDC-P present and
absent patients.

Our meta-analysis has the following limitations that must be
taken into consideration. The quality of the present meta-analysis was
limited by several factors that might contribute to seemingly contrary
results reported in the included studies. First, among the 13 included
studies, most studies were retrospective studies without randomized
controlled studies. Hence, confounding factors cannot be eliminated,
which introduced bias to the results. Second, the small sample size
of some studies may lead to completely opposite results caused by
publication bias. Third, adjunctive therapy for RT or RP was not fully
described in most studies, which may also introduce bias to the results.
Fourth, as described above, the presence of IDC-P is often related to
poor clinicopathological characteristics, which might account for
some part of the poor outcome. This important confounding factor
remains to be addressed, even in a randomized setting. Without
multifactor analysis, IDC-P may not be considered an independent
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IDC-P present IDC-P absent Mean difference Mean difference
Study or subgroup Mean s.d. Total Mean s.d. Total Weight IV, fixed, 95% CI 1V, fixed, 95% CI
Kimura et al. 72014  36.34 44.63 104 39.67 43.18 102 71% -3.33[-15.32, 8.66] —
Saeter et al. 22017 26.2 22.05 98 20.1 17.18 185 40.8% 6.10[1.08, 11.12] -
Trinh ef al. 22018 92 151 65 101 58 20 51.5% -0.90[-5.37,3.57]
Zhao et al. #2017 73.28 67.17 62 109.73 169.3 69 0.5% -36.45[-79.75, 6.85] —
Total (95% CI) 329 376 100.0% 1.59[-1.62,4.79] *
Heterogeneity: Chi2 = 7.91, df = 3 (P=0.05); P = 62% + + 1
Test for overall effect: Z= 0.97 (P =0.33) -100 -50 0 50 100
E Favours [IDC-P present] Favours [IDC-P absent]
T3-T4 T1-T2 Odds ratio Odds ratio
Study or subgroup Events  Total Events  Total Weight M-H, random, 95% CI M-H, random, 95% CI
Kato et al. 2016 88 124 12 26 21.3% 2.85[1.20, 6.76] e —
Kato et al. 12018 48 86 26 118 26.2% 4.47[2.43,8.22] —-
Saeter et al. 22017 70 173 28 110 27.9% 1.99[1.18, 3.37] —-—
Zhu et al. 2019 21 252 15 166 24.6% 0.92[0.46, 1.83] —-
Total (95% CI) 635 420 100.0% 2.20[1.14, 4.22] -
Total events 227
Heterogeneity: Tau? = 0.33; Chi2 = 11.84, df = 3 (P=0.008); P = 75% | N N s
Test for overall effect: Z=2.36 (P = 0.02) "0.01 01 1 10 100
m Favours [T3-T4] Favours [T1-T2]
28 <8 Odds ratio Odds ratio
Study or sul Events  Total Events  Total Weight M-H, random, 95% ClI M-H, random, 95% ClI
Kato et al. 2016 96 135 4 15 10.3% 6.77 [2.03, 22.55]
Kimura et al. 72014 88 153 16 53 16.8% 3.13[1.60, 6.11]
Miyai et al. 12014 118 150 495 751 20.3% 1.91[1.25, 2.90] =
Saeter et al. 22017 63 125 35 158 19.0% 3.57[2.14,5.97] —=
Trinh ef al. 22018 22 25 43 60 9.2% 2.90[0.77,10.97] B I —
Zhao et al. #2017 58 110 4 21 10.8% 4.74 [1.50, 15.00] e
Zhu et al. 2019 30 127 6 291 13.6% 14.69 [5.94, 36.36] —_—
Total (95% Cl) 825 1349 100.0% 4.03 [2.40, 6.75] <
Total events 475 603
Heterogeneity: Tau? = 0.30; Chi? = 18.87, df = 6 (P=0.004); P = 68% ; t t d
Test for overall effect: Z= 5.29 (P<0.00001) 0.01 0.1 10 100
Favours [>8] Favours [<8]
N1 NO Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Kimura et al. 72014 25 30 79 176 33.6% 6.14[2.25, 16.77] -
Miyai et al. 12014 18 22 595 879 46.2% 2.15[0.72, 6.41] =
Saeter et al. 22017 3 6 18 93 9.5% 4.17[0.78, 22.38] T
Trinh ef al. 22018 9 10 34 46 10.6% 3.18[0.36, 27.77] -
Total (95% Cl) 68 1194 100.0% 3.79[1.97,7.28] -~
Total events 55 726
Heterogeneity: Chi? = 1.96, df = 3 (P=0.58); P = 0% t + } i
Test for overall effect: Z = 4.00 (P<0.0001) 0.01 0.1 10 100
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Figure 4: Forest plots assessing the association between IDC-P status and clinicopathological characteristics: (a) PSA, (h) clinical stage, (¢) Gleason score,
(d) lymph node status, (e) surgical margin, and (f) extraprostatic extension. s.d.: standard deviation; Cl: confidence interval; df: degrees of freedom;

PSA: prostate-specific antigen; IDC-P: intraductal carcinoma of the prostate.

predictive factor of prognosis. Fifth, OS and CSS were only reported
in a few articles (articles without an extractable HR were excluded).
Long-term prognosis has not been adequately assessed. Sixth, studies
without extractable HR data were excluded, resulting in the omission of
results from those studies. Several vital measures were made to reduce
these limitations. First, we conducted a systematic, comprehensive
search across multiple online databases. Second, we strictly stipulated
the inclusion criteria, eliminating the bias caused by some potential
confounding factors, and the data were independently extracted by
two reviewers. Third, we conducted a subgroup analysis of different
treatment modalities and clinicopathological characteristics.

CONCLUSION

Our meta-analysis indicates that the presence of IDC-P is closely

associated with poor prognosis. Chemotherapy should be considered
to be recommended to patients with IDC-P as a treatment option. Our
data support the value and clinical utility of the routine detection of

IDC-P by pathological examination.

AUTHOR CONTRIBUTIONS
SGW and JHL performed the literature search. GLS, XML and YCZ
carried out the studies examination. ZL, XML and RL participated in
the quality assessment. HJS, TW, YCZ, and XML performed the data

@ Asian Journal of Andrology



IDC-P associates with poor prognosis
YC Zhang et al

108

analysis. YCZ, GLS, XML, DLM, and CW drafted the manuscript. All
authors read and approved the final manuscript.

COMPETING INTERESTS

All authors declared no competing interests.

ACKNOWLEDGMENTS

‘We thank Tongji Hospital for its sponsorship. We were sponsored by the National
Natural Science Foundation of China (No. 81702518), the National Natural
Science Foundation of China (No. 81500636), and the Innovation foundation
of Huazhong University of Science and Technology (No. 2019kfyXKJC06).

Supplementary Information is linked to the online version of the paper on

the Asian Journal of Andrology website.

REFERENCES

1

2

10

11

12

13

14

15

16

17

18

19

20

Kovi J, Jackson MA, Heshmat MY. Ductal spread in prostatic carcinoma. Cancer
1985; 56: 1566-73.

McNeal JE, Yemoto CE. Spread of adenocarcinoma within prostatic ducts and
acini. Morphologic and clinical correlations. Am J Surg Pathol 1996; 20: 802-14.
O’Brien C, True LD, Higano CS, Rademacher BL, Garzotto M, et al. Histologic changes
associated with neoadjuvant chemotherapy are predictive of nodal metastases in
patients with high-risk prostate cancer. Am J Clin Pathol 2010; 133: 654-61.
Tsuzuki T. Intraductal carcinoma of the prostate: a comprehensive and updated
review. /nt J Urol 2015; 22: 140-5.

Zhou M. Intraductal carcinoma of the prostate: the whole story. Pathology 2013;
45: 533-9.

Humphrey PA. Intraductal carcinoma of the prostate. J Urol 2015; 194: 1434-5.
Wilcox G, Soh S, Chakraborty S, Scardino PT, Wheeler TM. Patterns of high-grade
prostatic intraepithelial neoplasia associated with clinically aggressive prostate
cancer. Hum Pathol 1998; 29: 1119-23.

Rubin MA, de La Taille A, Bagiella E, Olsson CA, O'Toole KM. Cribriform carcinoma
of the prostate and cribriform prostatic intraepithelial neoplasia: incidence and
clinical implications. Am J Surg Pathol 1998; 22: 840-8.

Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, et al. The 2014 international
society of urological pathology (ISUP) consensus conference on gleason grading of
prostatic carcinoma: definition of grading patterns and proposal for a new grading
system. Am J Surg Pathol 2016; 40: 244-52.

Humphrey PA, Moch H, Cubilla AL, Ulbright TM, Reuter VE. The 2016 WHO
classification of tumours of the urinary system and male genital organs-part B:
Prostate and Bladder Tumours. Eur Urol 2016; 70: 106-19.

Srigley JR, Humphrey PA, Amin MB, Chang SS, Egevad L, et al. Protocol for the
examination of specimens from patients with carcinoma of the prostate gland. Arch
Pathol Lab Med 2009; 133: 1568-76.

Porter LH, Lawrence MG, llic D, Clouston D, Bolton DM, et al. Systematic review
links the prevalence of intraductal carcinoma of the prostate to prostate cancer risk
categories. Eur Urol 2017; 72: 492-5.

Deeks JJ, Dinnes J, D’Amico R, Sowden AJ, Sakarovitch C, et al. Evaluating non-
randomised intervention studies. Health Technol Assess 2003; 7: iii—x, 1-173.
Kato M, Tsuzuki T, Kimura K, Hirakawa A, Kinoshita F, et al. The presence of
intraductal carcinoma of the prostate in needle biopsy is a significant prognostic
factor for prostate cancer patients with distant metastasis at initial presentation.
Mod Pathol 2016; 29: 166-73.

Kato M, Kimura K, Hirakawa A, Kobayashi Y, Ishida R, et al. Prognostic parameter for
high risk prostate cancer patients at initial presentation. Prostate 2018; 78: 11-6.
Kato M, Hirakawa A, Kobayashi YM, Yamamoto A, Ishida R, et al. The influence of
the presence of intraductal carcinoma of the prostate on the grade group system’s
prognostic performance. Prostate 2019; 79: 1065-70.

Kimura K, Tsuzuki T, Kato M, Saito AM, Sassa N, et al. Prognostic value of
intraductal carcinoma of the prostate in radical prostatectomy specimens. Prostate
2014; 74: 680-7.

Miyai K, Divatia MK, Shen SS, Miles BJ, Ayala AG, et al. Clinicopathological analysis
of intraductal proliferative lesions of prostate: intraductal carcinoma of prostate,
high-grade prostatic intraepithelial neoplasia, and atypical cribriform lesion. Hum
Pathol 2014; 45: 1572-81.

Murata Y, Tatsugami K, Yoshikawa M, Hamaguchi M, Yamada S, et al. Predictive
factors of biochemical recurrence after radical prostatectomy for high-risk prostate
cancer. Int J Urol 2018; 25: 284-9.

Saeter T, Vlatkovic L, Waaler G, Servoll E, Nesland JM, et al. Intraductal carcinoma

Asian Journal of Andrology @

21

22

23

24

25

27

28

29

30

31

32

33

34

35

36

37

38

39

of the prostate on diagnostic needle biopsy predicts prostate cancer mortality: a
population-based study. Prostate 2017; 77: 859-65.

Trinh VQ, Benzerdjeb N, Chagnon-Monarque S, Dionne N, Delouya G, et al.
Retrospective study on the benefit of adjuvant radiotherapy in men with intraductal
carcinoma of prostate. Radiat Oncol 2019; 14: 60.

Trinh VQ, Sirois J, Benzerdjeb N, Mansoori BK, Grosset AA, et al. The impact of
intraductal carcinoma of the prostate on the site and timing of recurrence and
cancer-specific survival. Prostate 2018; 78: 697-706.

van der Kwast T, Al Daoud N, Collette L, Sykes J, Thoms J, et al. Biopsy diagnosis
of intraductal carcinoma is prognostic in intermediate and high risk prostate cancer
patients treated by radiotherapy. Eur J Cancer 2012; 48: 1318-25.

Zhao J, Shen P, Sun G, Chen N, Liu J, et al. The prognostic implication of intraductal
carcinoma of the prostate in metastatic castration-resistant prostate cancer and its
potential predictive value in those treated with docetaxel or abiraterone as first-line
therapy. Oncotarget 2017; 8: 55374-83.

Zhu S, Zhao JG, Chen JR, Liu ZH, Sun GX, et al. Intraductal carcinoma of the prostate
in prostate biopsy samples: correlation with aggressive pathological features after
radical prostatectomy and prognostic value in high-risk prostate cancer. Asian J
Androl 2019. Doi: 10.4103/aja.aja_117_19. [Epub ahead of print].

Rhamy RK, Buchanan RD, Spalding MJ. Intraductal carcinoma of the prostate gland.
J Urol 1973; 109: 457-60.

Guo CC, Epstein JI. Intraductal carcinoma of the prostate on needle biopsy: histologic
features and clinical significance. Mod Pathol 2006; 19: 1528-35.

Montironi R, Cheng L, Lopez-Beltran A, Scarpelli M, Montorsi F. A better understating
of the morphological features and molecular characteristics of intraductal carcinoma
helps clinicians further explain prostate cancer aggressiveness. Eur Urol 2015;
67: 504-7.

Taylor RA, Fraser M, Livingstone J, Espiritu SM, Thorne H, et al. Germline BRCA2
mutations drive prostate cancers with distinct evolutionary trajectories. Nat Commun
2017; 8: 13671.

Dawkins HJ, Sellner LN, Turbett GR, Thompson CA, Redmond SL, et al. Distinction
between intraductal carcinoma of the prostate (IDC-P), high-grade dysplasia
(PIN), and invasive prostatic adenocarcinoma, using molecular markers of cancer
progression. Prostate 2000; 44: 265-70.

Bettendorf O, Schmidt H, Staebler A, Grobholz R, Heinecke A, et al. Chromosomal
imbalances, loss of heterozygosity, and immunohistochemical expression of
TP53, RB1, and PTEN in intraductal cancer, intraepithelial neoplasia, and
invasive adenocarcinoma of the prostate. Genes Chromosomes Cancer 2008; 47:
565-72.

Lindberg J, Kristiansen A, Wiklund P, Gronberg H, Egevad L. Tracking the origin of
metastatic prostate cancer. Eur Urol 2015; 67: 819-22.

Armstrong AJ, Garrett-Mayer E, Ou Yang YC, Carducci MA, Tannock |, et al. Prostate-
specific antigen and pain surrogacy analysis in metastatic hormone-refractory prostate
cancer. J Clin Oncol 2007; 25: 3965-70.

Armstrong AJ, Garrett-Mayer ES, Yang YC, de Wit R, Tannock IF, et al. A contemporary
prognostic nomogram for men with hormone-refractory metastatic prostate cancer:
a TAX327 study analysis. Clin Cancer Res 2007; 13: 6396-403.

Zhao T, Liao B, Yao J, Liu J, Huang R, et al. Is there any prognostic impact of
intraductal carcinoma of prostate in initial diagnosed aggressively metastatic prostate
cancer? Prostate 2015; 75: 225-32.

Bernard B, Sweeney CJ. Management of metastatic hormone-sensitive prostate
cancer. Curr Urol Rep 2015; 16: 14.

Tombal B. Metastatic castration-resistant prostate cancer: piling up the benefits of
chemotherapy. Eur Urol 2015; 68: 236-7.

James ND, Spears MR, Clarke NW, Dearnaley DP, de Bono JS, et al. Survival with
newly diagnosed metastatic prostate cancer in the “docetaxel era”: data from 917
patients in the control arm of the STAMPEDE trial (MRC PRO8, CRUK/06/019).
Eur Urol 2015; 67: 1028-38.

van Soest RJ, de Morree ES, Shen L, Tannock IF, Eisenberger MA, et al. Initial
biopsy Gleason score as a predictive marker for survival benefit in patients with
castration-resistant prostate cancer treated with docetaxel: data from the TAX327
study. Eur Urol 2014; 66: 330-6.

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed under the identical
terms.

©The Author(s)(2020)



~pJU07)

(Z¥) 98 '€19= edd
(T¥) €8 ‘'02= “(89) pazijeso| 810¢
(£G2-11) 80T (69) 121 ‘02> vN 811 ‘¢los ¥N (08-9¥)89 €9¢  Ofl VL (%00T1) d4¥ “Msli-ydiH Asdoiq apsaN  ueder saijdadsoney  gr7/e Jo oley
(G2) 817 ‘6%
@ v IN (Y1) 92 ‘8 810¢
(0'6€T ‘(86) (69) €11 ‘€1d *(9G) £0T ‘L 61819
(#91-9) 6% -§'2) 12l [8T'ON  (I¥)8/‘zld S 0T '9S (8/-1¥) 0L €6€ 911 74 (%00T) d¥d ©0d sH-usiH dY  ueder ani3dadsosey eleiniy
(%T1)
(59) 1BY10 *(%6€) Buliem
¥8T XN (19) €41 ‘€19 INJYOIBM “(%1E)
«(1°GE (2)9‘IN  *(02) 96 ‘2Ld (¥¥) 62T ‘8= juswieal} sulioopuy edd £102C
#2L1-2G)0IT  -90T) 06T *(EE) €6 ‘ON *(6T) ¥G ‘TLd “(99) 8GT1 /> 4(8/-99) 1L 9'VE G81 86 (%CT) LY “(%¥1) dY X\ 10 QW Asdoiq ajpaaN  AemioN aA13dads0IIRY o7 /e JO JB10ES
(%€1) (19xeyx00p 0dyow 01
JO duoJaleIIge) passaidoid
HL°2LT (¥8) 011 '8< saldesayy aul|-isily edd £10¢
6G —€'€2) LG9 VN VN QN 125 WGV eL €LY 69 29  plepuels ((%00T1) avYIN onjeyseloly Asdoig a|peaN  eulyd anI3dadsoIRY /e 1O OeyZ
(9)6 ‘01
(00°2660T (G€) €G 'V1d “(2/) 801 ‘6
(OT'T¥1-£9°0) -81'Y) 8Y) TL'€ld (2181 '8 fdesayjowsyd edd 9102
00'8¢ 00'8¢¢ VN (£1)92 ‘21d  (01) ST ‘L (06-0S) €L  L'99 0§ 00T (%00T) 1dy  oeised|\ Asdoiq sjpsaN  ueder aAljoadsonley 472 1o 0leY
91)
(@22 'IN  2vl ‘eld= (¥8-2%)
(8) G, ‘01< ‘(86) (¥8) (LT) 0ST ‘8% 6G snsian 102
(98-1) L1 (26) 928 ‘01> 6.8 'ON 6G/ ‘zlds  {(€8) 16 ‘4> (6/-T¥) 19 089 88¢ €19 (%00T1) d¥ edd dY eouBwy dAI30ads0sRY  gr/e 19 1BAIN
(%L2) saidesayy
juean(pe pue
jueAn[peoaN (%T11)
AdeJay} suowoy
(0) 0 ‘vLo weAnlpy {(%6€)
(GT) 0€ "IN *(Z¥) 98 ‘€19 (¥/) €GT ‘8= Adesayy auowioy edd 102
(9°2€2-9°¢) (0'96¢ (G8) (Iv) 68 ‘21d  “(02) 2v ‘L jueAnfpeoaN pazi|eso| e
8'¢8 -¥'2) 0'Ge 9/T'ON  “(LT)GE'TLd X€9) IT'9> (08-9¥)89 G'0G [40)8 70T ((%00T1) d¥ RERENE dy  ueder anioadsosey einuiy
(0T) €T ‘w12 s Hoyod
'(98) ‘01 €T ‘6 (%00T1) uoljoasal 01403
911 ‘eld ‘(€2) 0€ ‘8 avLlsnid 1y |edyiainsuely Z¢10¢
#Z 1G1-¢'19) (#) 9 ‘2ld (8G) GL ‘L ‘wie gyl snid 1y Jo Asdoiq ez 1B 19
2’601 VN VN ((0)0 ‘112 (6)21'9>  (6£-19)0L L'22 c01 o€ (%00T) 1Y ‘Wwie |y ed %sU-ysiH 9|paaN epeue) aAI30adsoi}ay 1semyl Jap ueA
(0) 0 ‘v1o (006 Hoyod
(0)0 ‘eld 008 (%22) HINd 2102
(8'¥21-9'6) (£G) £9 '21d  (89) 08 ‘L 1QV jueanlpeoau e0d %sH 218 19
0'8L (€'6T-€1)6'L VN (€V) TG ‘1o ‘(2€)8€ '9>  (28-GS) 1L 861 €6 €c (%00T) 1Y -eeipauniaiu] Asdoiq a|psaN epeue) aAI1309ds0I}dY Isemy| ap UBA
(@101
(¥) ¢ ‘v1d ZARA N (%00T1)
8Y) vg ‘eld  *(92) €1 ‘8 fdesayjowsyd edd
(985 8Y) vg ‘zld  (8g) 61 ‘L juean(peosu pazi|edo| fsdoiq 0102
169 —¥'1)0°C1l VN “0)0‘11d (0TS 9 (#£-25) €9 002 o 0T ((%00T) dy MSU-UBIH  B|padu I Yy eoLBWY  dAl3oadsold (/e J8 uslig,0
(anijeSeu (anijeSau
SA 8A1}1S0d) (%) SA 8A13ISOd) (%) anljeSaN 8AI11ISod
(e8uel) syjuow  (aduel) rjw Su U ‘snjejs (%) U (%) u (e8uei) seaf o384 : - 22/n0s
‘dn-moyjo4 ‘VSd ueipapy 1epON ‘a8ejs Jown|  ‘2400s uosea|n ‘aSe ueipsyy  OAIFISO4 u ‘esen juswyeal]  8dAy jown| uswioads Aiqunoy uSisep Apmis  Jeahiioyiny

sisA|eue-ejaw ay} ul papnjaul saIpnis Jo sonsualoeley :| ajqel Kieyuawajddng



93ueJ a|1penbialul :YY| ‘UOIRINGP PiepUE]S 'PS fJadued 93eisoid JUB)SISaI-UOIIRIISED Oljelselal :)dyOW ‘apexoo|q
usSoJpue |ewixew gy ‘umouxun :n ‘uoljeaudsp usdoipue wis}-3uo| :qQy)] ‘Adessyi uoijeaudsp usSoipue : qQy ‘Adessyjolpel i1y ‘d|qejieAe jou :yN ‘Awojosieisoid [edlpel :dy fsoued slejsod :eDd fusijue oi1oads-aleisold ySd P SFUBSy ‘YOI

(09) (61) 6L ‘'0T-6
4 TAR S ‘(1) 8y ‘8
+(09°GE ‘(ov) (G9) 1€2 'L Asdoiq 6102
(4% —-G0'0T) 9¢€°L1 VN 991 ‘2los (WI)09'9  «(EL¥9)69 ¥'6 28¢€ 9€ (%00T) dd ©0d MSH-USIH  3|paau Jo 4y eUIYD BAIDRdS0IBY /€ 19 NYZ
(L2)9sz ‘eld
(08v1t (€L) edd 610¢C
-/£°0)0'Z8 (0'¢8-¥'0) 8'9 VN €v/ ‘eld VN (08-9%) L9 ¥'G1 298 LGT (%00T1) d¥ pazijedon dY  ueder anioadsospy o1/ 70 OleY
38'9F0°C9
snsisn (%91) 14 edd 610¢
#9€1-6G) 66 VN VN VN VN 8'9F1°¢9 6'v¢ 0ce €L jueAn(pe (%00T) dY pazijedon dY epeue) anioadsonpy 7€ 1o YullL
(22) 61 ‘6=
(¥€) 62 XN ()98
((21) 0T ‘IN (29) €S ‘L edd 810¢
V' VGFCCIT VN “(2S) 9% ‘ON VN (® L9 3G'GF0C9  G9L 0¢ S99 (%00T1) dy pazijeson dY epeue) aAIjoadsosRy  o./e 19 Yulil
(anijedau (an1jedau
SA @A111S0d) (%) SA 9M131S0d) (%) aAIjeSaN on131S0d
(e8uel) syjuow  (asuel) jw Su U ‘snjejs (%) u (%) u (88ueu) seaf  ojei : - 804Nn0S
‘dn-mojjo4 ‘VSd ueipspy 1EPON ‘a8e)s sown)  ‘2400s uosea|n ‘a8e uelpayy 8AIJISO4 u ‘asen Juswiieal]  8dA} owny uawioads Aiunoy uSisep Apnis  Jeahzioyiny

*'puod :| ajqel Aeyuawsajddng



Supplementary Table 2: The quality assessment of cohort studies by using the Newcastle-Ottawa Scalel

Studies Selection Comparability Outcome Total
Author (year)

Representative of Selection of Ascertainment  Presence Assessment  Time for ~ Adequacy of
exposed cohort  nonexposed cohort  of exposure  of outcome follow-up follow-up

*

O'Brien 2010

Kwast 2012 PMH cohort
Kwast 2012 EORTC cohort
Kimura 2014

Miyai 2014

Kato 2016

Zhao 2017

Seeter 2017

Murata 2018

Kato 2018

Trinh 2018

Trinh 2019

Kato 2019

Zhu 2019
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Supplementary Figure 1: Funnel plot assessing the publication bias when
reporting the association between IDC-P status and PFS in patients with
prostate cancer. SE: standard error; IDC-P: intraductal carcinoma of the
prostate; PFS: progression-free survival.





