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Abstract

Background.—Ductal carcinoma in situ (DCIS) with microinvasion (DCISM) can be
challenging in balancing the risks of overtreatment versus undertreatment. We compared DCISM,
pure DCIS, and small volume (T1a) invasive ductal carcinoma (IDC) as related to histopathology,
treatment patterns, and survival outcomes.

Methods.—Women ages 18-90 years who underwent breast surgery for DCIS, DCISM, or T1la
IDC were selected from the SEER Database (2004-2015). Multi-variate logistic regression and
Cox proportional hazards models were used to estimate the association of diagnosis with treatment
and survival, respectively.

Results.—A total of 134,569 women were identified: 3.2% DCISM, 70.9% DCIS, and 25.9%
with T1a IDC. Compared with invasive disease, DCISM was less likely to be ER? or PR? and
more likely to be HER2?. After adjustment, DCIS and invasive patients were less likely to undergo
mastectomy than DCISM patients (DCIS: OR 0.53, 95% CI 0.49-0.56; invasive: OR 0.86, ClI
0.81-0.92). For those undergoing lumpectomy, the likelihood of receiving radiation was similar
for DCISM and invasive patients but lower for DCIS patients (OR 0.57, ClI 0.52-0.63). After
adjustment, breast-cancer-specific survival was significantly different between DCISM and the
other two groups (DCIS: HR 0.59, C1 0.43-0.8; invasive: HR 1.43, CI 1.04-1.96). However,
overall survival was not significantly different between DCISM and invasive disease, whereas
patients with DCIS had improved OS (HR 0.83, Cl 0.75-0.93).

Conclusions.—Although DCISM is a distinct entity, current treatment patterns and prognosis
are comparable to those with small volume IDC. These findings may help providers counsel
patients and determine appropriate treatment plans.
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Ductal carcinoma in situ (DCIS) is considered a preinvasive breast cancer, because it is
confined to the milk ducts and, theoretically, lacks the ability to spread to distant sites. In
comparison, DCIS with microinvasion (DCISM) is comprised mostly of noninvasive disease
(DCIS) plus a small component of invasive disease and presumably has a small, but
plausible potential to metastasize. While surgery serves as the foundation of treatment for
both DCIS and the majority of invasive disease, additional treatment options vary widely
between the two entities. Importantly, chemotherapy is included in the national treatment
guidelines for many invasive breast cancers but is not recommended for DCIS.! Surgical
management also may differ according to the presence or absence of invasion, because
axillary nodal evaluation is routinely performed for invasive disease but rarely for pure DCIS
patients undergoing lumpectomy, given the low rates of positivity.2 Furthermore, omission
of surgery and/or adjuvant radiotherapy is the subject of ongoing investigation for select
individuals with low-risk DCIS.3-°

Given that DCISM is significantly less common than pure DCIS and most invasive ductal
carcinomas, there is limited data regarding its biology and prognosis to guide patient
counseling and management recommendations. Several single-institution retrospective
studies have evaluated the clinical features, management, prognostic implications, and
outcomes for DCISM, yielding conflicting results.5-8 Although there have been two larger
studies evaluating DCISM, they had different objectives and both had several study
limitations.?10 Thus, we compared DCISM to DCIS and T1a invasive ductal carcinoma
(IDC) in terms of histopathology, treatment patterns, and survival outcomes.

METHODS

Women aged 18-90 years diagnosed with nonmetastatic breast cancer between 2004 and
2015 who underwent surgery were selected from the Surveillance, Epidemiology, and End
Results (SEER) database according to the criteria established by Wang et al.® The cohort
was divided into three groups based on histology and tumor size: (1) DCIS, (2) DCISM, and
(3) T1a IDC. DCISM and T1a IDC patients were separated based on tumor size (DCISM < 1
mm; Tla IDC > 1 mm and < 5 mm). Per SEER guidelines, if the clinical and pathological
stages were discordant, the collaborative stage was determined using the recorded disease-
specific data (e.g., if the tumor size was recorded as 1.5 cm, stage T1c was selected).1!

Patient characteristics were summarized with A/ (%) for categorical variables and median
(interquartile range, IQR) for continuous variables. Chi square tests or Fisher’s exact tests
were used to compare categorical variables, and Wilcoxon rank-sum tests or ¢tests were
used to compare continuous variables, as appropriate. Overall survival (OS) was defined as
the time from diagnosis to death or last follow-up. Cancer-specific survival (CSS) was
defined as time from diagnosis to death due to currently diagnosed cancer or last follow-up
(including death due to other causes). The Kaplan—Meier (KM) method was used to estimate
unadjusted OS and CSS; the log-rank test was used to test for differences between groups.
Cox proportional hazards regression analyses were utilized to estimate the association
between OS/CSS and diagnosis, after adjustment for known covariates. Multivariate logistic
regression models were used to estimate the association of diagnosis with type of surgery
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(mastectomy vs. lumpectomy) among all patients and receipt of radiation (yes vs. no) among
patients who underwent lumpectomy, after adjustment for known covariates.

As supplementary analyses, all DCISM patients were stratified, tabulated, and analyzed
univariately across age groups (18-39 year, 40-55 year, 56—70 year, and > 70 year). A
sensitivity analysis also was performed on the entire study cohort by stratifying patients
according to hormone receptor (HR) status and examining OS/CSS through KM curves. HR-
positive was defined as estrogen receptor (ER)-positive and/or progesterone receptor (PR)-
positive; HR-negative was defined as ER-negative and PR-negative. For the T1a IDC
patients, overall stage was derived according to the American Joint Committee on Cancer
(AJCC) Staging Manual 8th edition, excluding the Oncotype Dx scores due to data
restrictions in SEER.12 Survival for the T1a IDC patients was then analyzed using KM
curves.

Only patients with available data for all covariates were included in each model, and
effective sample sizes are reported for each table/figure. A pvalue < 0.05 was considered
statistically significant; no adjustments were made for multiple comparisons. All statistical
analyses were conducted with R 3.5.0 and SAS, version 9.4 (SAS Institute; Cary, NC). This
study was exempt from Institutional Review Board review.

Study Population

Application of the defined inclusion and exclusion criteria resulted in the final study
population of 134,569 women (Supplemental Fig. 1), including 4361 with DCISM (3.2%),
95,393 with DCIS (70.9%), and 34,815 with T1a IDC (25.9%). Median follow-up for the
entire study population was 66 months. Patient, disease, and treatment characteristics for the
study population are summarized in Table 1. Women with invasive disease were slightly
older than those with DCIS and DCISM (median age: invasive 62 year vs. DCISM and
DCIS 59 year, p<0.001).

Tumor Histopathology

On univariate analysis, DCISM was less likely to be ER-positive (70.8% vs. 81.8%) or PR-
positive (56.3% vs. 69.3%) and more likely to be human-epidermal-growth-factor-receptor-2
(HER2)-positive (10.5% vs. 7.6%) compared with T1a tumors. Rates of ER-positivity and
PR expression were comparable between DCIS and DCISM (Table 1). After excluding
patients with missing biomarker data, similar trends were noted (Supplemental Table 1).
Patients with DCISM had higher-grade tumors than patients with invasive disease (Table 1).
Although the majority of patients were node-negative for all groups, patients with DCISM
were slightly more likely to have a higher N stage than those with invasive disease (7.5% vs.
5.7% N1 disease, 1.3% vs. 0.5% N2 disease; Table 1).

To further define the DCISM cohort specifically, patients were stratified by age: 18-39 year
(V= 160), 40-55 year (N = 1556), 5670 year (M= 1786), and >70 year (V= 859). Younger
women with DCISM had a higher percentage of grade 3 (18-39 year: 30% vs. > 70 year:
15.6%) and HER2-positive tumors (18-39 year: 9.4% vs. > 70 year: 5.6%), whereas older
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women had higher proportions of node-negative (18-39 year: 80% vs. > 70 year: 92.8%),
ER-positive (18-39 year: 65.6% vs. > 70 year: 74.9%), and PR-positive tumors (18-39 year:
53.1% vs. > 70 year: 58.8%; Supplemental Table 2). Given the substantial number of
patients with missing biomarker and tumor grade data, additional comparisons were made
excluding those with missing data, and similar trends were noted (Supplemental Table 3).

Treatment Patterns

Compared with patients with DCIS and invasive disease, a higher proportion of DCISM
patients underwent mastectomy (DCISM 43.5% vs. 31.2% for DCIS and 36.2% for invasive;
p<0.001; Table 1). After adjustment, DCISM patients were more likely to undergo
mastectomy than DCIS or invasive patients (DCISM: Reference; DCIS: OR 0.53, 95% ClI
0.49-0.56, p<0.001; T1a IDC: OR 0.86, Cl 0.81-0.92, p< 0.001; Table 2). For those
undergoing lumpectomy, the probability of radiation receipt was similar for DCISM and
invasive patients (OR 1.04, C1 0.94-1.15, p= 0.40), whereas lower for DCIS compared with
DCISM patients (OR 0.57, ClI 0.52-0.63, p< 0.001; Table 3). Rates of chemotherapy receipt
were similar for patients with DCISM and invasive disease (10.9% vs. 11.8%, respectively;
Table 1).

Survival Outcomes

Overall, the unadjusted CSS and OS were high and similar for all groups: 5-year CSS 99%
for all groups (Fig. 1a) and 5-year OS 95% for DCIS versus 93% for DCISM and T1a IDC
(Fig. 1b). After adjustment, CSS was significantly different between DCISM and the other
two cohorts (DCISM: Reference; DCIS: HR 0.59, CI 0.43-0.80, p< 0.001; T1a IDC: HR
1.43, Cl 1.04-1.96, p=0.03; Table 4). However, the adjusted OS was not significantly
different between DCISM and invasive disease (HR 0.98, Cl 0.87-1.09, p= 0.66), whereas
patients with DCIS had improved OS compared with DCISM (HR 0.84, CI 0.75-0.93, p<
0.001; Table 4).

All patients were then stratified by hormone receptor (HR) status: HR-positive or HR-
negative. For patients with HR-positive disease, the 5-year CSS and OS were high for all
three groups (CSS: DCIS 100%, DCISM 99%, T1a IDC 99%; OS: DCIS 95%, DCISM
94%, T1a IDC 93%) (Supplemental Figs. 2A-B). For patients with HR-negative disease, the
5-year CSS and OS were slightly lower but still quite high for all three groups (CSS: DCIS
99%, DCISM 98%, T1a IDC 97%; OS: DCIS 93%, DCISM 92%, T1a IDC 91%;
Supplemental Figs. 2C-D).

For both the DCISM and T1a IDC cohorts, prognostic stages were calculated, and the
majority were noted to have stage IA disease (DCISM 48.0% vs T1a IDC 71.2%), although
stage assignment was not possible for a large proportion of DCISM patients (29.8%) due to
missing prognostic variables (Table 1). For patients with stage 1A disease in both groups,
survival outcomes were similarly high at 5 years (CSS: DCISM 0.99 vs. T1a IDC 0.99; OS:
DCISM 0.94 vs. Tla IDC 0.94; Supplemental Table 4). When comparing outcomes between
those with DCISM and T1a IDC, those with stage IA (Supplemental Figs. 3A-B) or stages
/111 (Supplemental Figs. 3E-F) disease did not have significantly different CSS or OS (all p
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>0.05). Although there was a slight difference in CSS for those with stage IB disease (p=
0.002), OS was not significantly different (p= 0.12; Supplemental Figs. 3C-D).

DISCUSSION

In a contemporary cohort of women with breast cancer, we demonstrate that the treatment
patterns and prognosis for DCISM more closely reflect that of invasive breast cancer than
pure in situ disease, although the prognoses for all three disease processes were excellent. In
addition, DCISM appears to have some distinct biologic characteristics that may distinguish
it from both entities. As such, pathological upstaging of DCIS to DCISM has the potential to
meaningfully change treatments and prognosis in a diagnosis overwhelming made through
screening mammography.

In our study, DCISM was more likely to be ER-negative, PR-negative, HER2-positive, and
of a higher grade than invasive disease, perhaps suggesting a more aggressive process.
DCISM was also more likely than DCIS to be ER-negative and PR-negative. Similar results
were found in a recent single-institution retrospective review of 219 patients, which also
suggested that DCISM may have a more aggressive biological nature than DCIS due to a
higher proportion of triple-negative and HER2-enriched tumors.13 Furthermore, one of the
largest studies comparing DCIS and DCISM demonstrated that DCISM was associated with
more aggressive tumor biology.®

Notably, DCISM patients in our study cohort had higher mastectomy rates than those with
invasive or pure in situ disease. This may be related to the extent of in situ disease
surrounding the microinvasive component, which is not reported in the database.
Furthermore, previous studies have shown that DCIS on core needle biopsy is upstaged to
invasive disease at the time of surgical excision in 15-20% of cases, and this may be related
to the extent of disease on preoperative imaging.14-17 For example, women with large or
multifocal areas of disease on imaging may have been more likely to undergo mastectomy,
and these same women may have only had one or two biopsies of these large areas, which
may or may not have been truly representative of the disease process. In other words, the
true extent of disease may have been undersampled at the time of biopsy, and we assume
that microinvasive disease is more likely to be present in a larger background of DCIS than a
small area.

Regarding prognosis, we found that survival outcomes were quite good for all three
subgroups and often varied within 1-3% from each other. Furthermore, OS was not
significantly different between DCISM and invasive disease, but OS for DCISM was slightly
worse than DCIS. Our findings align with those of two prior studies evaluating DCISM
patients in SEER.%10 In a large cohort of 87,695 DCIS and 8863 DCISM patients, those
with DCISM had a worse OS (HR 1.263, p< 0.001).° In contrast to our work, this study did
not include invasive disease (vs. T1a included), restricted patient ages to 20-69 year (vs.
ages 18-90 year), and included more historic data starting in 1990 (vs. starting in 2004). In
another large cohort of 525,395 women with DCIS or small (< 2 cm) node-negative invasive
breast cancer, Sopik et al. similarly found that DCISM more closely resembled small
invasive breast cancers than pure DCIS.10 However, this study excluded node-positive
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disease (9.6% of DCISM patients had positive nodes in our study) and HER2 status (10.5%
of DCISM patients were HER2-positive in our study), and it also included older data (1990—
2013 vs. 2004-2015 in our study). In contrast to these studies, one of the significant
highlights of our work is the comparison of invasive disease using the latest prognostic
staging groups from the AJCC 8th edition, which again demonstrated similar survival
outcomes for those with DCISM and T1a IDC. Irrespective of the differences, all three
studies suggest that DCISM prognosis is more similar to invasive disease than pure DCIS.
Given these findings, the name “‘DCIS with microinvasion’” may need to be reconsidered,
because it may suggest to some that the DCIS component is the most important aspect of the
disease process (particularly as it relates to prognosis) and may be misleading. Furthermore,
DCISM may be more appropriately included in the T1a subgroup in future revisions of the
AJCC’s staging manual, as opposed to being listed as a separate entity.

Additional research is needed to better understand the underlying biology and relationship
between in situ and invasive disease. While DCIS is a known nonobligate precursor to
invasive disease, the exact progression is poorly understood. Some have proposed a
sequential model of progression from in situ to invasive disease, whereas others have
suggested that DCIS may already possess metastatic potential from inception.18-20 Previous
research has shown that DCIS and IDC have a similar degree of chromosomal alterations,
and DCIS associated with invasive disease is genetically similar to the invasive component.
21-24 However, studying the genomics of DCISM may further advance our understanding of
breast cancer progression.

Controversy exists around the risks associated with DCIS and the appropriate standard
therapy. As such, the breast cancer community is evaluating de-escalation of locoregional
therapy for pure DCIS.3-5 However, our study suggests that outcomes for women with
DCISM more closely reflect those of small invasive cancers and thus may warrant
comparable treatment. Locoregional therapy, particularly as it relates to surgical margins and
radiation, should likely be tailored accordingly. Furthermore, it is critical that breast cancer
patients understand the potential implications of microinvasion, including the possible need
for more aggressive treatments. When diagnosed, clinicians must be alerted to this potential
change in prognosis and tailor treatment recommendations accordingly, while also educating
patients about this unique disease entity.

Study Limitations

The limitations of our study include those inherent in any retrospective analysis of a large
national database. As previously discussed, there were several limitations related to extent of
disease, which may have affected treatment planning. Additionally, we were unable to
identify patients who received neoadjuvant chemotherapy and may have been downstaged.
However, the TNM stages entered into SEER are based on the collaborative stage, which
relies on the specific tumor size and number of positive nodes to determine the T and N
stages, respectively.1! Regarding nodal status, any DCIS patient in SEER with positive
lymph nodes is recorded as an “‘invasive’” tumor, and it is uncertain whether these patients
may have been included in the DCISM or T1a IDC cohorts instead. Per national guidelines,
the grading criteria for in situ and invasive disease are notably different and, as such,
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precludes meaningful comparisons of grade assignments between in situ and invasive
disease. Furthermore, grade was missing in a large proportion of DCISM patients (23.6%),
possibly because the invasive component was too small to adequately grade. HER2 status
was missing for a large proportion of DCIS patients (43.9%), as were ER and PR status
(18.7% and 23.7%, respectively). The SEER database does not include data on receipt of
endocrine therapy or type of facility (e.g., academic, community, etc.), which may have
affected outcomes for all of subgroups.

CONCLUSIONS

DCIS, DCISM, and T1a IDC all have excellent prognoses with high rates of CSS and OS.
However, within the spectrum of DCIS, there is marked heterogeneity, with some DCIS at
very low risk of progression to invasive disease and others that are similar to small-volume
invasive disease. Our data suggest that DCISM in particular may be more similar to invasive
disease and that many practitioners are treating it accordingly. These findings related to the
histopathology and prognosis of DCISM may help providers to counsel patients more
accurately and to determine the best management strategy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TABLE 2

Logistic regression predicting mastectomy receipt (V= 133,461, events = 43,881) for select women with
breast cancer in the SEER database from 2004 to 2015. Model adjusted for patient age, race/ethnicity,
insurance status, and history of other cancers

1duosnuey Joyiny

1duosnuen Joyiny

OR (95% ClI) pvalue Overall pvalue
Diagnosis <0.001
DCISM -REF-
DCIS 0.53(0.49-0.56) < 0.001
T1aIDC 0.86 (0.81-0.92) < 0.001
Grade <0.001
1 -REF-
2 1.28(1.23-1.32)  <0.001
3 1.75 (1.69-1.82) <0.001
Unknown 1.38 (1.31-1.45) < 0.001
ER status <0.001
Positive -REF-
Negative/borderline 1.25(1.20-1.31) <0.001
Unknown 1.38(1.29-1.48) <0.001
PR status <0.001
Positive -REF-
Negative/borderline 1.23(1.18-1.28) <0.001
Unknown 0.99 (0.93-1.06) 0.82
HER2 status <0.001
Positive -REF-
Negative/borderline 0.75(0.70-0.81) < 0.001
Unknown 0.89 (0.83-0.95) <0.001
Diagnosed before 2010 0.83 (0.77-0.88)  <0.001

1duosnuey Joyiny

1duosnuen Joyiny

DCIS ductal carcinoma in situ; DC/SM DCIS with microinvasion; /DC invasive ductal carcinoma; £R estrogen receptor; PR progesterone receptor;
HERZ2 human-epidermal-growth-factor-receptor-2

*
Patients diagnosed before 2010 did not routinely have HER2 status reported in the database

Ann Surg Oncol. Author manuscript; available in PMC 2020 October 01.
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TABLE 3

Logistic regression predicting radiation receipt for patients undergoing lumpectomy (A= 89,580; events =
59,331) for select women with breast cancer in the SEER database from 2004-2015

1duosnuey Joyiny

1duosnuen Joyiny

OR (95% CI) pvalue Overall p value
Diagnosis <0.001
DCISM -REF-
DCIS 0.57 (0.52-0.63) < 0.001
TlaIDC 1.04 (0.94-1.15) 0.40
Grade <0.001
1 -REF-
2 1.27 (1.22-1.32)  <0.001
3 2.03(1.94-2.13)  <0.001
Unknown 1.03(0.98-1.09) 0.21
ER status <0.001
Positive -REF-
Negative/borderline 1.03(0.97-1.10) 0.35
Unknown 0.55 (0.51-0.59) < 0.001
PR status <0.001
Positive -REF-
Negative/borderline 1.12(1.07-1.18) <0.001
Unknown 0.81 (0.75-0.87) < 0.001
HER2 status <0.001
Positive -REF-
Negative/borderline 1.20 (1.09-1.32) <0.001
Unknown 0.99 (0.70-1.08) 0.77
Diagnosed before 2010 118 (1.07-1.29)  <0.001

1duosnuey Joyiny

1duosnuen Joyiny

Patients with unknown radiation receipt were combined with those not receiving radiation therapy. Model adjusted for patient age, race/ethnicity,
insurance status, and history of other cancers. DC/S ductal carcinoma in situ; DC/SM DCIS with microinvasion; /DC invasive ductal carcinoma;
ER estrogen receptor; PR progesterone receptor; HER2human-epidermal-growth-factor-receptor-2

*
Patients diagnosed before 2010 did not routinely have HER2 status reported in the database
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