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The prognostic significance of co-existence ductal carcinoma in situ
in invasive ductal breast cancer: a large population-based study and
a matched case-control analysis
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Background: To evaluate the prognostic significance of co-existence ductal carcinoma in situ (DCIS) in
invasive ductal breast cancer (IDC) compared with pure IDC.

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was searched to identify
unilateral IDC cases between 2004 and 2015, which were grouped into pure IDC and IDC with DCIS
component (IDC-DCIS). Comparisons of the distribution of clinical-pathological characteristics the two
groups were performed using Pearson’s chi-square. Breast cancer-specific survival (BCSS) and overall survival
(OS) were estimated using the Kaplan-Meier method and compared across RS groups using the log-rank
statistic. Cox models were fitted to assess the factors independently associated with survival. A 1:1 matched
case-control analysis was conducted with each clinical-pathological characteristic matched completely.
Results: A total of 98,097 pure IDC cases (39.6%) and 149,477 IDC-DCIS cases (60.4%) were enrolled.
IDC-DCIS patients were presented with less aggressive characteristics such as lower proportion of histologic
grade ITI (34.2% vs. 42.2%, P<0.001), ER negative (16.8% vs. 26.1%, P<0.001) and PR negative (26.5%
vs. 35.7%, P<0.001) disease and higher proportion of T1 cases (68.7% wvs. 58.2%, P<0.001) compared with
pure IDC patients. Co-existence DCIS was an independent prognostic factor for BCSS and OS in the whole
cohort. According to the multivariate analysis, it was an independent favorable prognostic factor among ER
positive cases, but an independent negative prognostic factor among ER negative cases based on the matched
cohort.

Conclusions: Co-existence DCIS showed quite different prognostic significance among ER positive and

negative disease.
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Introduction (IDC). A substantial proportion of patients with IDC have

Ductal carcinoma in situ (DCIS) is a proliferation of accompanying DCIS component. It was reported that the

malignant cells which do not invade the basement percentage of cases with DCIS associated with invasive
membrane Of the breast ductsﬁ DCIS is a nonobligate cancer Varied Significantly from 21.3% to 769% in the

precursor to infiltrating ductal carcinoma of the breast literature (1-6).
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Although some studies have investigated the clinical-
pathological characteristics of DCIS that are associated
with invasive disease, the role of concomitant DCIS on the
prognosis of patients with IDC has not been well studied
in the literature. Currently in the TNM staging system
T category is based on the size of the invasive component
alone. The association of DCIS in IDC has no bearing
on systemic treatment, which depends entirely on the
pathological and molecular characteristics of IDC. Different
distribution of subtypes and distinctive characteristics
among DCIS, DCIS accompanying microinvasive cancer,
and IDC accompanying DCIS (IDC-DCIS) indicate that
IDC-DCIS represents a disease entity distinct from pure
IDC (7). In fact, some researches showed that IDC with
accompanying DCIS tended to have a favorable biology and
survival outcome in spite of no statistical significance (2,8-10)
while opposite results have also been demonstrated (4). The
related studies involved only a small sample size, and the
clinical significance associated with accompanying DCIS in
invasive disease has not been conclusively defined.

The purpose of the present study was to evaluate the
prognostic value of concomitant DCIS component in a
large cohort of patients with invasive ductal breast cancer
(IDC) based on the Surveillance, Epidemiology, and End
Results (SEER) 18 database.

Methods
Patient population

This population-based study used data derived from the
National Cancer Institute’s limited use SEER 18 registry
databases released in November 2018. We identified
unilateral primary IDC between 2004 and 2015. Using the
collaborative stage data set coding, pure IDC group was
defined as entire tumor reported as IDC without DCIS
component. Meanwhile, IDC-DCIS group was defined
as coexistence of IDC and DCIS components, and the T
category was based primarily on the size of the invasive
component of the cancer. Cases in which tumor size was
coded both IDC and DCIS components due to size of
IDC component not stated were excluded. Besides, the
study also excluded patients with more than one primary
cancer, diagnosis at death or autopsy alone, T0, Tis, T1mic
disease, unknown T or N category, no surgery performed
or no record of surgery. TNM stage was based on a derived
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AJCC 6th edition [2004-2009] and 7th edition [2010-2015].
Poorly differentiated and anaplastic histologic grades were
considered grade III disease. Borderline status of ER or
PR was defined as unknown. We obtained permission
to access the files of SEER program custom data with
additional treatment fields such as radiation therapy and
chemotherapy. Informed consent was not required because
personal identifying information was not involved. This
study was reviewed and approved by the Institutional
Review Board of Obstetrics and Gynecology Hospital of
Fudan University.

Statistical analysis

The distributions of clinical-pathological characteristics
according to accompanying DCIS status were compared
using Pearson’s Chi square with Fisher’s exact test. The
follow-up cutoff was 31 December 2016. Breast cancer-
specific survival (BCSS) was computed from the time of
breast cancer diagnosis to the time of death from breast
cancer or the last follow-up evaluation with patients still
alive at the last censored follow-up. Overall survival (OS)
was computed from the time of diagnosis to the time of
death from any cause or the last follow-up evaluation with
patients still alive at the last censored follow-up. Both BCSS
and OS were estimated using the Kaplan-Meier method
and compared across concomitant DCIS status using the
log-rank statistic. Adjusted hazard ratios (HRs) with 95%
confidence intervals (Cls) were calculated using the Cox
model to identify significant independent factors associated
with survival. To diminish the effects of baseline differences
on outcome differences in the IDC-DCIS group and pure
IDC group, the propensity score matching method was
applied by matching each pure IDC case to one IDC-
DCIS case. They were exactly matched for year of diagnosis
(£2 years), age stage (<40, 40-49, 50-59, 60-69, 70-79, and
>80 years), race, histologic grade, T and N category, ER and
PR status, HER? status (since 2010), surgery type, radiation
and chemotherapy. As over 90% cases were in T'1 and 12,
T'1 category was matched further based on T1a, T1b, T1c,
and T2 category were matched further based on tumor size
<3, <4 and <5 cm. A two-sided P value lower than 0.05 was
considered statistically significant. All the statistical analyses
were performed using the SPSS 22.0 software package
(SPSS, Chicago, IL, USA).
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Results

Comparison of clinical-pathological characteristics between
patient with pure IDC and IDC-DCIS

A total of 98,097 pure IDC cases (39.6%) and 149,477 IDC-
DCIS cases (60.4%) who met the inclusion criteria between
2004 and 2015 were enrolled in this study. The median
age of the whole cohort was 59 years (15-108 years). Most
patients were of White race (78.7%) and in earlier stage
(53.8% in AJCC stage I, 64.5% in T1 and 69.3% in NO).
Besides, most patients had ER positive (77.0%), PR positive
(66.7%) disease and underwent breast conserving surgery
(BCS) (61.1%). The baseline characteristics of the whole
cohort were summarized in Table 1.

Compared with pure IDC patients, those with IDC-
DCIS were younger (mean age, 58.7 vs. 60.4 years, P<0.001)
and had more cases under the age of 60 years (53.4% uvs.
48.3%, P<0.001). IDC-DCIS patients were presented with
less aggressive characteristics such as lower proportion
of histologic grade III (34.2% wvs. 42.2%, P<0.001), ER
negative (16.8% vs. 26.1%, P<0.001) and PR negative
(26.5% wvs. 35.7%, P<0.001) disease and higher proportion
of cases in AJCC stage I (57.1% wvs. 48.8%, P<0.001), T1
(68.7% wvs. 58.2%, P<0.001) and NO (69.9% vs. 68.4%,
P<0.001) category compared with patients with pure IDC.
They also received radiation (54.6% wvs. 56.3%, P<0.001)
and chemotherapy (42.6% vs. 46.5%, P<0.001) less
frequently. Furthermore, BCS rate was significantly lower
in patients with IDC-DCIS compared with patients with
pure IDC (60.2% vs. 62.4%, P<0.001). The comparison
between patients with pure IDC and IDC-DCIS was also
presented in Table 1.

Survival outcomes among patients with pure IDC and
IDC-DCIS in the whole cobort

The median follow-up period was 61 months (range,
0-155 months). The patients with IDC-DCIS had
significantly higher BCSS and OS compared with those
with pure IDC (P<0.001) (Figure 14,B).

In the univariate analysis, year of diagnosis, age stage,
race, grade, T, N, surgery, radiation, chemotherapy, ER
status, PR status and existence of DCIS component were
correlated with BCSS and OS (P<0.001). According to
the multivariate analysis, existence of DCIS component
was an independent favorable prognostic factor for BCSS
(HR =0.917, 95% CI: 0.889-0.945, P<0.001) and OS
(HR =0.858, 95% CI: 0.839-0.8773, P<0.001). For cases
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diagnosed between 2010 and 2015, for which information of
HER?2 status was available, existence of DCIS component
was still an independent favorable prognostic factor for
BCSS (HR =0.908, 95% CI: 0.861-0.958, P<0.001) and OS
(HR =0.865, 95% CI: 0.831-0.899, P<0.001).

Survival analysis among pure IDC and IDC-DCIS in the
matched cobort

A 1:1 matched case-control analysis was conducted due to
the great baseline difference between IDC-DCIS and pure
IDC (1able 1). Each clinical parameter was matched exactly,
such as “year of diagnosis (2 years), age stage, histologic
grade, tumor size, N category, ER, PR status, HER? status
(since 2010), breast surgery type, radiation therapy and
chemotherapy”. Altogether 71,662 pure IDC patients could
be exactly matched to 71,662 IDC-DCIS patients. There
were 4,431 breast cancer related deaths and 9,601 deaths
among IDC-DCIS cohort, and 4,318 breast cancer related
deaths and 9,897 deaths among pure IDC cohort. Based
on the completely matched analysis, IDC-DCIS had a
similar BCSS (P=0.269) but a slightly higher OS (P=0.021)
compared with pure IDC (Figure 1C,D). According to the
multivariate COX analysis, existence of DCIS component
proved to be an independent favorable prognostic factor for
OS (HR =0.966, P=0.016, 95% CI: 0.939-0.994).

In the subgroup analyses, IDC-DCIS had significantly
better survival outcomes in histologic grade I (P=0.014
for BCSS and P=0.006 for OS) and II disease (P<0.001 for
OS), while pure IDC had a significantly better BCSS and
tendency for an improved OS in histologic grade III disease
(P=0.009 for BCSS and P=0.069 for OS) (Figure 2).

Notably, IDC-DCIS had significantly better survival
outcomes compared with pure IDC in ER positive cases
(P=0.014 for BCSS and P<0.001 for OS), whereas pure IDC
had significantly better survival outcomes in ER negative
cases (P<0.001 for BCSS and P=0.002 for OS) (Figure 3).

IDC-DCIS and pure IDC had similar BCSS and OS
in nearly all T and N categories except that pure IDC
had a better BCSS compared with IDC-DCIS in T1
(P=0.011) and NO (P=0.013) category. Furthermore, it was
demonstrated that in ER positive cases, IDC-DCIS had
significantly or tendency of better survival outcomes in T'1-
T3 disease (BCSS: P=0.002 for T2, P=0.037 for T3; OS:
P=0.002 for T1, P=0.001 for T2, P=0.179 for T3) (Figure 4),
and in NO-N3 disease (BCSS: P=0.018 for N1, P=0.944 for
N2, P=0.008 for N3; OS: P<0.001 for N0, P=0.026 for N1,
P=0.641 for N2, P=0.004 for N3) (Figure 5). However, in
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Table 1 comparison of baseline characteristics between patients with pure IDC and IDC-DCIS

Whole cohort Pure IDC IDC-DCIS Matched cohort
Characteristics P
No. % No. % No. % No. %
Age <0.001
<60 127,300 51.4 47,423 48.3 79,877 53.4 33,271 46.4
>60 120,274 48.6 50,674 51.7 69,600 46.6 38,391 53.6
Race <0.001
White 194,798 78.7 78,216 79.7 116,582 78.0 61,281 85.5
Black 27,967 11.3 11,911 121 16,056 10.7 5,843 8.2
Asian or Indian 23,370 9.4 7,442 7.6 15,928 10.7 4,428 6.2
Unknown 1,439 0.6 528 0.5 911 0.6 110 0.2
Histologic grade <0.001
I 50,456 20.4 19,862 20.2 30,594 20.5 17,051 23.8
I 99,455 40.2 34,463 35.1 64,992 43.5 28,352 39.6
I 92,590 37.4 41,438 42.2 51,152 34.2 25,598 35.7
Unknown 5,073 2.0 2,334 2.4 2,739 1.8 661 0.9
AJCC stage <0.001
I 133,239 53.8 47,863 48.8 85,376 57.1 41,932 58.5
A 60,170 24.3 25,467 26.0 34,703 23.2 18,079 25.2
1=] 27,593 111 12,071 12.3 15,522 10.4 7,009 9.8
A 16,057 6.5 6,897 7.0 9,160 6.1 3,222 4.5
nB 4,197 1.7 2,902 3.0 1,295 0.9 492 0.7
lnc 6,318 2.6 2,897 3.0 3,421 2.3 928 1.3
T stage <0.001
T1 159,803 64.5 57,103 58.2 102,700 68.7 49,444 69.0
T2 72,846 29.4 32,334 33.0 40,512 271 19,685 27.5
T3 9,814 4.0 5,198 5.3 4,616 3.1 1,936 2.7
T4a—c 3,810 1.5 2,571 2.6 1,239 0.8 454 0.6
T4d 1,301 0.5 891 0.9 410 0.3 143 0.2
N stage <0.001
NO 171,621 69.3 67,133 68.4 104,488 69.9 53,811 75.1
N1 56,025 22.6 22,355 22.8 33,670 225 14,380 20.1
N2 13,610 5.5 5,712 5.8 7,898 5.3 2,543 3.5
N3 6,318 2.6 2,897 3.0 3,421 2.3 928 1.3
Surgery <0.001
BCS 151,200 61.1 61,219 62.4 89,981 60.2 48,559 67.8
Mastectomy 96,374 38.9 36,878 37.6 59,496 39.8 23,103 32.2

Table 1 (continued)
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Whole cohort Pure IDC IDC-DCIS Matched cohort
Characteristics P
No. % No. % No. % No. %
Radiation <0.001
No or unknown 110,685 447 42,881 43.7 67,804 45.4 29,233 40.8
Yes 136,889 55.3 55,216 56.3 81,673 54.6 42,429 59.2
Chemotherapy <0.001
No or unknown 138,286 55.9 52,523 53.5 85,763 57.4 42,715 59.6
Yes 109,288 441 45,574 46.5 63,714 42.6 28,947 40.4
ER <0.001
Negative 50,673 20.5 25,618 26.1 25,055 16.8 14,058 19.6
Positive 190,683 77.0 69,160 70.5 121,523 81.3 56,481 78.8
Unknown 6,218 25 3,319 3.4 2,899 1.9 1,123 1.6
PR <0.001
Negative 74,620 30.1 35,015 35.7 39,605 26.5 20,139 28.1
Positive 165,190 66.7 59,176 60.3 106,014 70.9 50,214 70.1
Unknown 7,764 3.1 3,906 4.0 3,858 2.6 1,309 1.8
HER2 (since 2010) <0.001
Negative 113,492 80.4 42,575 82.0 70,917 79.5 33,932 87.5
Positive 21,238 15.0 6,717 12.9 14,521 16.3 3,866 10.0
Unknown 6,431 4.6 2,647 5.1 3,784 4.2 981 2.5

IDC, invasive ductal breast cancer; DCIS, ductal carcinoma in situ; BCS, breast conserving surgery.

ER negative cases, pure IDC had significantly or tendency
of better survival outcomes in T1-T3 disease (BCSS:
P=0.001 for T1, P=0.002 for T2, P=0.226 for T3; OS:
P=0.007 for T'1, P=0.077 for 12, P=0.299 for '13) (Figure 6),
and in NO-N3 disease (BCSS: P<0.001 for N0, P=0.342 for
N1, P=0.097 for N2, P=0.673 for N3; OS: P=0.013 for NO,
P=0.287 for N1, P=0.134 for N2, P=0.441 for N3) (Figure 7)

According to multivariate COX analysis, existence
of DCIS component was an independent unfavorable
prognostic factor for ER negative cases (BCSS: HR =1.152,
P<0.001, 95% CI: 1.081-1.228; OS: HR =1.089, P=0.002,
95% CI: 1.033-1.148) (Tuble 2). However, existence of
DCIS component was an independent favorable prognostic
factor for ER positive cases (BCSS: HR =0.924, P=0.006,
95% CI: 0.873-0.978; OS: HR =0.919, P<0.001, 95%
CI: 0.888-0.951) (Tuble 3). For cases with HER2 status
information diagnosed between 2010 and 2015, in spite of
a relatively short follow up, existence of DCIS component

© Annals of Translational Medicine. All rights reserved.

was still an independent favorable prognostic factor in ER
positive cases for BCSS (HR =0.879, 95% CI: 0.790-0.977,
P=0.017) and OS (HR =0.931, 95% CI: 0.872-0.993,
P=0.031).

Discussion

Our study was among the largest to address the issue of the
prognostic significance of co-existence DCIS component in
IDC not only based on the whole population-based cohort
but also a matched case-control cohort. According to our
study, there were great differences in the distributions of
clinical-pathological characteristics between IDC-DCIS and
pure IDC. Patients with IDC-DCIS had significantly better
survival outcomes compared with those with pure IDC in
the whole cohort. However, based on the matched cohort,
IDC-DCIS had a similar BCSS but a higher OS compared
with pure IDC. The existence of DCIS component was an
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Figure 1 Kaplan-Meier survival curves among IDC-DCIS and pure IDC in the whole cohort and in the matched case-control cohort. (A)
BCSS in the whole cohort; (B) OS in the whole cohort; (C) BCSS in the matched cohort; (D) OS in the matched cohort. IDC, invasive
ductal breast cancer; DCIS, ductal carcinoma #n situ; BCSS, breast cancer-specific survival; OS, overall survival.
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Figure 2 Kaplan-Meier survival curves among IDC-DCIS and pure IDC stratified by histologic grade in the matched case-control cohort.
(A) BCSS in grade I; (B) BCSS in grade II; (C) BCSS in grade III; (D) OS in grade I; (E) OS in grade II; (F) OS in grade III. IDC, invasive

ductal breast cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival.

independent favorable prognostic factor for ER positive
cases.

Some studies recognized that IDC-DCIS represents
a clinical and biological entity distinct from pure IDC
and showed that IDC-DCIS was associated with smaller
tumor size, less lymph node involvement and well
differentiated grade tumors (8,9,11), which was in accord
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with the results of our study. There was still controversy
regarding higher expression rate of ER and PR in IDC-
DCIS than in pure IDC (1,4,8,12). Our study confirmed
the higher positivity of ER and PR in IDC-DCIS based
on a large sample size. Mylonas et a/. found significantly
increased HER2 amplification in pure IDC and assumed
decreased tumor aggressiveness for IDC-DCIS (12).
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Figure 3 Kaplan-Meier survival curves among IDC-DCIS and pure IDC stratified by ER status in the matched case-control cohort. (A)
BCSS in ER negative cases; (B) BCSS in ER positive cases; (C) OS in ER negative cases; (D) OS in ER positive cases. IDC, invasive ductal
breast cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival.
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Figure 4 Kaplan-Meier survival curves among IDC-DCIS and pure IDC stratified by T category for ER positive cases in the matched case-
control cohort. (A) BCSS in T1; (B) BCSS in T2; (C) BCSS in T3; (D) OS in T1; (E) OS in T2; (F) OS in T3. IDC, invasive ductal breast

cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival.

Although Papantoniou ez 4/. suggested that IDC-DCIS
was a more aggressive phenotype due to significantly
higher Ki-67 expression compared with pure IDC (4),
Wong et al. indicated that Ki-67 was lower in IDC-
DCIS than in size-adjusted pure IDC and predicted
lower biological aggressiveness (10). Wong et al. also
found that pure IDC cases were increasingly self-detected
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compared with IDC-DCIS lesions, which were detected
by patient screening, implicating the advanced tumor
stage and higher tumor aggressiveness of pure IDCs (8).
These data corroborated our findings implying that
patients with IDC-DCIS tended to present lower disease
aggressiveness than pure IDC. Cases with T1mic were
excluded in our study as Lillemoe ez 4/. suggested that the
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Figure 5 Kaplan-Meier survival curves among IDC-DCIS and pure IDC stratified by N category for ER positive cases in the matched case-
control cohort. (A) BCSS in NO; (B) BCSS in N1; (C) BCSS in N2; (D) BCSS in N3; (E) OS in N0O; (F) OS in N1; (G) OS in N2; (H) OS in
N3.IDC, invasive ductal breast cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival.
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Figure 6 Kaplan-Meier survival curves among IDC-DCIS and pure IDC stratified by T category for ER negative cases in the matched case-
control cohort. (A) BCSS in T'1; (B) BCSS in T2; (C) BCSS in T3; (D) OS in T'1; (E) OS in T2; (F) OS in T3. IDC, invasive ductal breast

cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival.
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Figure 7 Kaplan-Meier survival curves among IDC-DCIS and pure IDC stratified by N category for ER negative cases in the matched case-
control cohort. (A) BCSS in NO; (B) BCSS in N1; (C) BCSS in N2; (D) BCSS in N3; (E) OS in NO; (F) OS in N1; (G) OS in N2; (H) OS in
N3. IDC, invasive ductal breast cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival.

T'lmic breast cancer had similar clinical behavior to DCIS
and could be treated and followed up as pure DCIS (13,14).

According to our study BCS rate was significantly lower
in IDC-DCIS compared with pure IDC. Wong H et 4/. also
found IDC-DCIS was less likely to be treated with BCS (8).
A number of researchers found that co-existence DCIS was
associated with positive margins, suggesting a potentially
higher local recurrence (LR) rate (5,15,16). Kim et al.
indicated that the incidence of LR was higher in IDC-DCIS
than in pure IDC patients (8.9% vs. 6.3%) (17). However,
Mechera et al. found that the greater risk of LR in IDC-
DCIS was no longer significant on multivariate analysis (16),
and Dieterich et al. showed that IDC-DCIS was associated
with significantly lower rate of LR (P=0.012) (11). Since
the publication of the guideline on margins for BCS (18),
2 mm is adequate and DCIS component should not be a
main obstacle for BCS in most cases.

A number of studies seemed to show a trend towards
improved survival outcome in IDC-DCIS compared
with pure IDC (1,2,6,8,9,19). Logullo er 4/. found the
concomitant DCIS component to be a predictor of
improved survival independent of tumor size, but their study
did not control for age or tumor grade (6). Furthermore,
Matsukuma er /. analyzed survival outcomes without

© Annals of Translational Medicine. All rights reserved.

controlling for treatment variables (19). Wong et 4/. did not
find difference in survival outcome between IDC-DCIS
and pure IDC with a median follow up of 29.3 months (8).
Chagpar ez al. reported that the presence of DCIS was not
an independent predictor of improved survival outcome
on multivariate analysis (9). As these studies enrolled only
limited cases and had a relatively short follow-up period, it
was hard to confirm co-existence DCIS as an independent
prognostic factor. Our study had the largest sample size to
date and demonstrated that existence of DCIS component
in IDC was an independent favorable prognostic factor for
both BCSS and OS on multivariate analysis based on the
whole population cohort. There could be a bias from ‘screen
detection’, that is, IDC-DCIS group is more likely to be
screen detected because of calcifying DCIS, which might be
an independent prognostic indicator. Besides, the baseline
of most important clinical-pathological characteristics was
not balanced between the two cohorts. As a result, a further
matched case-control analysis was conducted. Based on
the matched cohort, co-existence DCIS was no longer an
independent prognostic factor for BCSS but a favorable
prognostic factor for OS.

Co-existence DCIS demonstrated quite different
prognostic significance among ER positive and ER negative
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Table 2 Multivariate analysis of prognostic factors among ER negative patients with pure IDC and IDC-DCIS

Chen et al. Prognostic significance of co-existence DCIS in IDC

BCSS 0os
Characteristics
HR 95% Cl P HR 95% Cl P

Year of diagnosis 0.987 0.976-0.998 0.023 0.987 0.977-0.997 0.010
Age

<60 vs. >60 years 0.729 0.681-0.780 <0.001 0.509 0.481-0.539 <0.001
Race <0.001 <0.001

Black vs. White 1.306 1.203-1.418 <0.001 1.241 1.156-1.333 <0.001

Asian or Indian vs. White 0.708 0.593-0.846 0.001 0.653 0.559-0.764 <0.001
Histologic grade <0.001 0.047

lvs. Il 0.330 0.157-0.695 0.004 0.675 0.472-0.964 0.030

Ilvs. 1l 0.828 0.739-0.928 0.001 0.929 0.853-1.012 0.092
T stage <0.001 <0.001

T1vs. T4 0.216 0.185-0.253 <0.001 0.234 0.203-0.269 <0.001

T2 vs. T4 0.435 0.377-0.502 <0.001 0.436 0.382-0.498 <0.001

T3vs. T4 0.742 0.633-0.870 <0.001 0.743 0.641-0.862 <0.001
N stage <0.001 <0.001

NO vs. N3 0.195 0.171-0.222 <0.001 0.244 0.216-0.275 <0.001

N1 vs. N3 0.411 0.363-0.466 <0.001 0.435 0.387-0.489 <0.001

N2 vs. N3 0.720 0.627-0.826 <0.001 0.757 0.665-0.862 <0.001
Existence of DCIS component

IDC-DCIS vs. pure IDC 1.152 1.081-1.228 <0.001 1.089 1.033-1.148 0.002
Surgery

BCS vs. mastectomy 0.932 0.861-1.009 0.082 0.942 0.881-1.007 0.081
Radiation

Yes vs. none or unknown 0.937 0.869-1.010 0.088 0.867 0.813-0.924 <0.001
Chemotherapy

Yes vs. none or unknown 0.610 0.561-0.664 <0.001 0.453 0.425-0.483 <0.001
PR status

Positive vs. negative 0.744 0.573-0.968 0.027 0.794 0.645-0.978 0.030

IDC, invasive ductal breast cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival; HR, hazard

ratio; Cl, confidence interval.

disease, which was an important finding in our study. ER
positive cases accounted for 97.9% and 92.1% in grade I
and II disease while ER negative cases accounted for 47.4%
in grade III disease. As a result, IDC-DCIS showed better
survival outcomes in grade I and II disease, while pure IDC
showed improved survivals in grade III disease according to
the subgroup analysis.

© Annals of Translational Medicine. All rights reserved.

Traditionally, T and N category indicated the status of
cancer progression. According to the subgroup analysis,
among ER positive cases, IDC-DCIS showed improved
survival outcomes compared with pure IDC in T1-T3
and NO-N3 categories. Specifically IDC-DCIS showed
a similar BCSS with pure IDC in T1 and NO categories
probably due to the scarce cancer-related death events in
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Table 3 Multivariate analysis of prognostic factors among ER positive patients with pure IDC and IDC-DCIS
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BCSS (OF]
Characteristics
HR 95% Cl P HR 95% Cl P

Year of diagnosis 0.978 0.967-0.990 <0.001 0.968 0.961-0.974 <0.001
Age

<60 vs. >60 years 0.668 0.627-0.711 <0.001 0.312 0.299-0.326 <0.001
Race <0.001 <0.001

Black vs. White 1.375 1.244-1.519 <0.001 1.326 1.241-1.416 <0.001

Asian or Indian vs. White 0.746 0.646-0.861 <0.001 0.666 0.607-0.731 <0.001
Histologic grade <0.001 <0.001

lvs. 1l 0.234 0.208-0.264 <0.001 0.556 0.527-0.586 <0.001

Ilvs. 1l 0.533 0.501-0.568 <0.001 0.706 0.678-0.736 <0.001
T stage <0.001 <0.001

T1vs. T4 0.185 0.158-0.216 <0.001 0.226 0.201-0.255 <0.001

T2 vs. T4 0.433 0.374-0.501 <0.001 0.402 0.357-0.452 <0.001

T3 vs. T4 0.699 0.593-0.824 <0.001 0.653 0.569-0.750 <0.001
N stage <0.001 <0.001

NO vs. N3 0.192 0.168-0.218 <0.001 0.258 0.232-0.288 <0.001

N1 vs. N3 0.354 0.313-0.400 <0.001 0.351 0.315-0.391 <0.001

N2 vs. N3 0.596 0.522-0.681 <0.001 0.596 0.529-0.671 <0.001
Existence of DCIS component

IDC-DCIS vs. pure IDC 0.924 0.873-0.978 0.006 0.919 0.888-0.951 <0.001
Surgery

BCS vs. mastectomy 0.858 0.798-0.923 <0.001 1.117 1.069-1.167 <0.001
Radiation

Yes vs. none or unknown 0.699 0.653-0.748 <0.001 0.486 0.467-0.507 <0.001
Chemotherapy

Yes vs. none or unknown 0.794 0.738-0.853 <0.001 0.533 0.508-0.559 <0.001
PR status

Positive vs. negative 0.653 0.607-0.702 <0.001 0.813 0.775-0.853 <0.001

IDC, invasive ductal breast cancer; DCIS, ductal carcinoma in situ; BCSS, breast cancer-specific survival; OS, overall survival; HR, hazard

ratio; Cl, confidence interval.

these cases. IDC-DCIS showed only tendency of improved
survivals in N2 cases probably due to the relatively small
sample size and less death events for N2 category and
longer follow up was further needed. Current evidence
demonstrated that DCIS component in IDC-DCIS showed
similar immunohistochemical marker (20-22) and genomic

© Annals of Translational Medicine. All rights reserved.

profiles (23-26) to its invasive component. Cells from the
DCIS component of lesions with co-existing IDC exhibited
a substantial number of molecular alterations compared
with those expressed in pure DCIS preceding apparent
morphological progression to invasive cancer (23,25).
These results suggest DCIS is frequently a precursor lesion
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for co-existing IDC and IDC in IDC-DCIS tends to evolve
as a result of a more incremental accumulation of milder
suppressor gene defects, whereas in patients with pure IDC,
IDC is postulated to arise de novo as a result of one or more
drastic tumor suppressor gene defects (8,22). The findings
of the subgroup analysis in ER positive cases supported
the hypothesis of linear progression model to explain the
progression from DCIS to IDC (25,27-31) in which the
presence of DCIS in conjunction with invasive cancer could
be considered as an earlier stage of disease and thus having
a better prognosis.

Furthermore, among ER positive cases, IDC-DCIS
showed a better OS in T1 and NO in spite of a similar
BCSS. There might be something related with tumor
immunity behind it. The presence of DCIS was associated
with a change in the tumor microenvironment, playing
an important role in tumor progression (32,33). It was
reported that 81% of DCIS lesions contained PD-L1+
tumor infiltrating lymphocytes (34). This cell-mediated
immunological response might lead to an improved
prognosis for patients with concomitant DCIS (35). Further
research for mechanisms is worthwhile.

However, among ER negative cases, co-existence DCIS
had a negative impact on survival. Pure IDC had improved
survivals compared with IDC-DCIS in T1-T3 and NO-
N3 categories. In some subgroups, pure IDC showed only
tendency of improved survival probably due to the relatively
small sample size but the trend was apparent. The opposite
trend for survival benefit in ER negative disease indicated
that different mechanisms behind the progression of DCIS
to IDC in different ER status might be involved and further
research in this aspect is worthwhile.

The strength of our study lay in its homogeneous study
population and the statistical significance confirmed by
multivariate analyses in whole cohort, matched cohort, and
various subgroup analyses. However, there were still some
limitations to be pointed out. Most importantly, the data
regarding the grade or extent of DCIS was unavailable. Kim
et al. found that patients with IDC accompanying high-
grade DCIS had a 2.5-fold higher probability of local or
distant relapse than did those with IDC accompanying low-
grade DCIS (17). However, that study also revealed that
IDC with non-high-grade DCIS has a tendency to be of
low histologic grade and that IDC with high-grade DCIS
tends to be of high histologic grade (17). No differences
were observed between the grade of the iz situ and the
invasive component of infiltrating carcinomas (36). After all,
further work is warranted to determine the effect of extent

© Annals of Translational Medicine. All rights reserved.
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and grade of DCIS on prognosis in patients with invasive
cancer. Besides, the retrospective study design had intrinsic
defects and information of HER2 status before 2010 and
endocrine therapy was also unavailable and could not be
evaluated.

In conclusion, IDC-DCIS had significantly better
survival outcomes than pure IDC probably due to the
less aggressive characteristics. In the matched case-
control analysis, co-existence of DCIS was an independent
favorable prognostic factor in ER positive cases, but it was
an independent negative prognostic factor in ER negative
cases. The survival trend was consistent for cases in most T
and N categories. Co-existing DCIS could have significant
prognostic value and implications for adjuvant treatment
decision-making process in these cases. The mechanisms
behind it warrant further research.
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