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Abstract

Background—~Recent incidence, treatment patterns and outcomes for node negative
microscopically invasive breast cancer (MIBC) have not been reported.

Methods—State Health Registry of lowa data identified women with ductal carcinoma in situ
(DCIS), MIBC, and Stage | breast cancer excluding MIBC (Stage 1BC).

Results—From 2000-2013, 1,706, 193 and 4,514 women were diagnosed with DCIS, MIBC and
Stage 1BC, respectively. MIBC increased at an annual percentage change of 2.1 (p=0.041). MIBC
was more frequently human epidermal-growth-factor-receptor-2 positive than Stage 1BC (39.7%
Vs 9.6%, p<0.001). Mastectomy was performed more frequently in MIBC than DCIS (40.9% vs
30.6%, p=0.014) or Stage 1BC (40.9% vs 33.8%, p=0.119). Chemotherapy was given to 4.1% of
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women with MIBC. Survival for women with MIBC was intermediate between DCIS and Stage
1BC.

Conclusions—Management of MIBC is an increasingly frequent clinical scenario. Women with

MIBC receive more aggressive local and systemic therapy than women with DCIS.
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Introduction

Microscopically invasive breast cancer (MIBC) with pathologically negative lymph nodes
and without evidence of distant disease represents the smallest of invasive breast tumors.
The microscopic foci of invasion, defined by the American Joint Commission on Cancer
(AJCC) staging as <1mm,? largely occur in the setting of high-grade ductal carcinoma in
situ (DCIS) but can also be seen with other forms of DCIS or lobular carcinoma in situ.?
Previous series have reported that MIBC represents 0.7%—-2.4% of breast cancer diagnoses.3
Microinvasion occurs more commonly with larger foci of DCIS# and in multicentric DCIS
tumors.® The detection of DCIS has increased with mammography,® making the
management of MIBC, reported to occur in 5-10% of DCIS cases,’ an increasingly common
clinical scenario.

Previous work reported recurrence risks that were lower for MIBC than larger invasive
tumors, closer to pure DCIS.8-10 One series reported 5-year recurrence-free survival of
97.4% for 120 patients with MIBC.11 Recent series have sought to understand treatment and
recurrence patterns by receptor status. These have largely shown that human epidermal
growth factor receptor 2 (HER2) over-expression, seen in 39-49% of MIBC, exceeds that
observed in higher stage invasive tumors.11-13 A series from Memorial Sloan Kettering
reported 27% of MIBC tumors with a single focus of microinvasion were HER2-positive
compared with 49% of those with two or more sites of microinvasion.13 A recent case report
describes a patient with HER2-positive MIBC who developed a rapid fulminant distance
recurrence within months of initial diagnosis.14 Previous reports on MIBC treatment and
outcomes are largely single institutional and span the pre-trastuzumab era.

Incidence and survival trends for MIBC have not been reported in a recent population-based
study sample that discriminates tumors by receptor status, including HER2. In this context,
we describe the incidence of MIBC relative to DCIS and higher stage breast cancer in lowa
from 2000-2013. We also present surgical and systemic therapy treatment patterns, along
with survival and subsequent breast cancer events for women diagnosed 2010 and later,
when HER?2 receptor status information became available.

Materials and Methods

Data were provided by the State Health Registry of lowa, a member of the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) Program since its inception
in 1973. The initial sample included microscopically confirmed, DCIS and Stage 1BC
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women diagnosed in lowa from 2010-2013 (N=6,529). Those who received neoadjuvant
systemic therapy or where the order of surgical treatment and systemic therapy was
unknown were excluded (N=96). Those with missing information regarding receipt of
chemotherapy (N=1) or type of surgical procedure (N=19) were also excluded. This project
was reviewed by our Institutional Review Board and determined not to be human subject
research.

Women were categorized by stage at presentation as DCIS, MIBC (T1micNOMO), and Stage
1 excluding T1micNOMO (hereafter Stage 1BC). Four women with NO(i+) tumors were
included in the MIBC sample.

Breast cancers were categorized into three exclusive groups, 1) HER2-positive (both
hormone receptor positive and hormone receptor negative), 2) hormone receptor positive and
HER2-negative (HR-positive), and 3) triple negative breast cancer (TNBC). Tumors were
considered hormone receptor positive if either estrogen receptor (ER) or progesterone
receptor (PR) was positive. To be designated TNBC, HER2, PR and ER status must all be
known and be negative. Information regarding individual receptor status (whether positive,
negative, or unknown) was collected by the registry.

Extent of surgical treatment was categorized as none, lumpectomy, and mastectomy. Receipt
of radiation post-lumpectomy was also identified. Patients were categorized by whether they
received systemic therapy, or chemotherapy in particular. Information regarding systemic
therapy included chemotherapy, hormone therapy, and biological response therapy/
immunotherapy.

Multivariate logistic regressions assessed factors associated with mastectomy, versus
lumpectomy, for MIBC. Incidence rates were calculated annually for 2000-2013 by stage.
Trends were assessed and annual percentage change (APC) was estimated using Joinpoint
software, version 4.2.0.2 (NCI). Outcomes were assessed for those with no prior
malignancies (N=4,951), and included Kaplan-Meier estimated five-year overall survival
and subsequent breast cancers, as reported by SEER. Even though not all subsequent breast
events are captured by SEER, given the consistency in coding rules, any differences in the
reported rate of subsequent breast cancers across stage may be informative. Analyses were
conducted using STATA MP, version 12.0 (StataCorp LP, College Station, TX).

From 2000-2013, mean incidence per 100,000 women for DCIS, MIBC, and Stage 1BC was
27.4, 3.0, and 68.9, respectively. DCIS incidence increased with an APC of 3.0 (p=0.001)
from 2000-2009, and decreased thereafter, although insignificantly (APC=-4.4, p=0.183)
(Figure 1). In contrast, MIBC increased at an average APC of 2.1 (p=0.041) throughout the
period. Incidence of Stage 1BC was stable (APC=0.53, p=0.266).

The final study sample included 6,413 women diagnosed from 2010-2013. Of these 1,706,
193 and 4,514 had DCIS, MIBC and Stage 1BC respectively (Table 1). Median follow-up
was 41 months, with a standard deviation of 15 months. The HER2-positive tumor
phenotype was overrepresented in the MIBC sample. Systemic therapy, presumably
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predominately anti-estrogen therapy, was given at similar rates to women with DCIS and
MIBC (36.9% vs. 39.4%, p=0.494). Chemotherapy was delivered to 8 (4.1%) women with
MIBC. Women with MIBC underwent mastectomy more often than those with DCIS (40.9%
vs. 30.6%, p=0.014) and proportionally, but not significantly, more frequently than those
with higher stage invasive disease (40.9% vs 33.8%, p=0.119). Following lumpectomy,
women with MIBC were more likely to receive radiation (90.1%) than women with DCIS
(80.6%, p=0.007) or Stage 1BC (83.4%, p=0.034).

Women with HER2-positive and TNBC MIBC were younger than their counterparts with
HR-positive disease, with median ages of 58, 59 and 63, respectively (p=0.098) (Table 2).
Systemic therapy was given to 61 (46.6%) of the 131 women for whom subtype information
was available. Of these 61 women, 55 (90.2%) had ER/PR-positive disease (either HER2-
positive or HER2-negative). Of the 23 women with HER-positive/HR-negative disease, five
(21.7%) received systemic therapy. Of the eight women with MIBC who received
chemotherapy, four had HER2-positive tumors and four had HR-positive tumors.

Women with MIBC who underwent mastectomy were significantly younger than those
undergoing lumpectomy with median ages of 58 and 63, respectively (p=0.024). Treatment
with any type of systemic therapy was significantly more common for women who received
lumpectomy than for women who underwent mastectomy (p<0.001) (Table 3). On
multivariate analysis, age <60 years and receipt of systemic therapy were both inversely
associated with mastectomy. Women with MIBC of the TNBC subtype tended to be less
likely to undergo mastectomy.

Five-year overall survival for women with no prior malignancy was 94.2% (92.1%-95.8%),
91.4% (80.4%-96.3%), and 90.0% (88.3%-91.5%) for DCIS, MIBC, and Stage 1BC,
respectively (Figure 2). The survivor functions differed, per log-rank test, for all three
(p<0.001). Under pairwise comparison, the survivor functions did not differ between the
MIBC and DCIS breast cancers (p=0.759) or between MIBC and Stage 1BC breast cancers
(p=0.343). Mean (median) age at diagnosis for the six women with MIBC who died during
the follow-up period was 79 (83). None of these women had a subsequent breast cancer
event, local or distant. For the 48 women with DCIS who died during the follow-up period,
mean (median) age was 73 (76.5). Three of these women had a subsequent breast cancer,
however none were distant recurrence.

Subsequent SEER-reported breast cancers occurred in 3.5%, 2.7% and 2.1% of women with
DCIS, MIBC and Stage 1BC, respectively (p=0.018). In this early follow-up period, women
with DCIS and MIBC who received systemic therapy had fewer subsequent breast cancers
than those who did not, 2.8% vs. 3.9% (p=0.218).

Discussion

We report the clinical and pathologic features, treatment, and early outcomes for 193 women
who presented with MIBC in lowa from 2010-2013. This registry-based study sample
represents the largest series in the HER2-targeted therapy era and offers insight into current
surgical and medical management of these tumors. Incidence trends from 2000-2013 show
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that women are presenting with MIBC more frequently. This could be due to increased
awareness of this entity by pathologists though this T stage has been included in the AJCC
staging system for breast cancer since 1997.15 This trend would support that management of
MIBC is an increasingly common clinical scenario.

In this sample, women with MIBC, with a median age of 61, were older than in other earlier
series.11-13 Notably, median age in lowa (38.1 years) is slightly, but not markedly higher
than for the U.S. (37.2 years).16 As in other reports, age of women with MIBC did not differ
significantly from those with DCIS.10 Similar to other series, HER2-positive tumors were
more common in DCIS and MIBC, than in higher stage invasive breast cancers.1”-1 Reports
have been mixed on the prognostic value of HER2 positivity in DCIS.2921 |_ess is known
about the risk of this marker in MIBC, though a single institution review of 83 patients with
MIBC found that HER2-positive status was not associated with local recurrence.12

Overall systemic therapy was delivered with similar frequency to women with DCIS and
MIBC, though a greater proportion of women with MIBC received systemic therapy.
Chemotherapy was given significantly more frequently to those with MIBC, although the
overall sample size is not large. Eight women (4.1% of those with MIBC) were given
chemotherapy, half of these having HER2-positive tumors. This systemic therapy trend was
noted despite a higher mastectomy rate for MIBC, perhaps suggesting some concern for
higher recurrence risk related to MIBC. Similarly, for those undergoing lumpectomy, women
with MIBC received radiation therapy with greater frequency than both women with DCIS
and Stage 1BC, perhaps again reflecting heightened concern for recurrence. The higher
mastectomy rate seen for women with MIBC compared to those with DCIS may be
attributable to the microscopic invasion commonly occurring in larger tumors, or that the
mastectomies provided larger specimens, increasing the likelihood of upstaging. The
lumpectomy rate of 57.5% for MIBC falls within the range reported by others.8:10.11

For women with MIBC, receptor status correlated with systemic therapy, as expected. A
higher proportion of HER2-positive MIBC receiving mastectomy, perhaps because these
tumors were larger or perceived as higher risk, though receptor status was not associated
with type of surgical treatment on multivariate analysis. A single institution report found that
HER2-positive status was associated with tumors having >1 foci of microinvasion.13 This
same work showed that while number of foci of microinvasion was not associated with the
risk of sentinel lymph node metastases, it was associated with systemic therapy decisions.

As expected, women with MIBC who underwent lumpectomy received systemic therapy
significantly more frequently than those who underwent mastectomy. This was likely largely
driven by women with HR-positive MIBC who received anti-estrogen therapy to lower both
the risk of a recurrence and a second breast cancer. The recently reported benefit of
aromatase inhibitors for DCIS in NSABP-35,22 particularly for women <60, could further
increase the uptake of these agents for women with MIBC. Systemic therapy offered
proportional, but not statistically significant, protection from an early subsequent breast
cancer in this sample.
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Five-year survival was lower than that reported in other series of MIBC.1213.19 This is likely
attributable to the deceased women having been of advanced age at diagnosis. Further
follow-up will more meaningfully elucidate survival trends for this sample. Women with
MIBC had an intermediate risk of a subsequent breast cancer in this early follow-up period.
This occurred despite a higher mastectomy rate for this stage group.

Limitations to this work are similar to earlier reports on the lowa SEER registry sample23
and include clinical presentation and treatment choices reported for a single geographic area,
one predominately rural and less racially diverse than the national population. The slightly
older population could skew treatment decisions. Inherent in this large dataset is the inability
to fully capture complete treatment, recurrence and progression trends, and comorbidities for
individuals. Some MIBC subtype groups have small numbers. Importantly, by definition
MIBC has only small fragments of invasive tumor, often limiting the ability to fully
characterize receptor status. The inability to characterize the invasive disease is also a
frequent clinical conundrum. The subtypes grouped here are in large categories. Breast
cancer is more complex than this, with variation in natural history and treatment response
within each subset. Our findings suggest that MIBC remains a relatively rare, but increasing
clinical presentation. We report current clinical and pathologic patterns at diagnosis and
treatment by receptor status. Follow-up data on subsequent SEER-reported breast cancers
offer some early information on risks for patients with MIBC. Most patients with MIBC
have an excellent prognosis, but not all. Like other forms of breast cancer, this is a
heterogeneous disease. While most do well, some do not, and for these patients stage did not
fully capture their risk. Future study from prospective databases and molecular profiling of
these tumors will hopefully allow identification of the patients at high risk for recurrence or
second breast cancers, for whom more aggressive, risk-adapted therapy may warranted.
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Incidence of breast cancers in lowa by stage, 2000-2013.
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Kaplan-Meier survival by stage.
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