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Abstract

Introduction—Biologic markers that predict development of invasive breast cancer (IBC) in
patients diagnosed with ductal carcinoma in-situ (DCIS) are needed to improve personalized
therapy. In this study, we examined the incidence of early IBC in DCIS subgroups defined by
immunophenotype.

Methods—Clinical and histologic materials of 143 patients with radiographically suggesting
DCIS without obvious evidence of IBC were reviewed. All patients underwent initial biopsy
followed by short-term subsequent resection. The presence of IBC, histopathologic features of
DCIS and IBC, when present, and their estrogen receptor (ER), progesterone receptor (PR) and
HER2 phenotypes were evaluated.

Results—Early IBC was identified on initial biopsy in 6 (4%) and subsequent resection in 24
(17%) patients. HER2 positivity in DCIS was the dominant factor associated with IBC. There was
also a significant association between ER/PR/HER2+ DCIS and the presence of IBC. The ER/PR/
HER2+ DCIS appeared to be the most unstable precursor, because of the highest invasion rate and
frequent association with a discordant phenotype.

Conclusions—HER? positivity and ER/PR/HER2 phenotype may be used to identify DCIS
patients at higher risk of harboring or potentially developing IBC. Strategies targeting HER2 in
DCIS may be of potential benefit in preventing IBC in patients with DCIS.
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Introduction

The incidence of ductal carcinoma in-situ (DCIS), a precursor of invasive cancer of the
breast is increasing, owing largely to the more advanced age of our population and
improvements in diagnostic mammography [1, 2]. Both invasive and in-situ mammary
carcinomas are highly heterogeneous lesions with variable morphology, clinical presentation
and behavior. Even for the low grade DCIS, if left untreated, approximately 40% of patients
will develop invasive carcinoma [3]. Biologic markers that predict the presence of occult
invasive disease or identify patients at higher risk of developing invasive cancer are needed
to more effectively differentiate those patients who will progress to invasive cancer from
those with more dormant disease [2].

Recently, gene expression profiling has allowed the classification of invasive breast cancer
into subgroups with distinct clinical behaviors. These subgroups include two types of
estrogen receptor (ER) positive tumors (luminal A and luminal B subtype) and two types of
ER negative tumors (basal-like and HER2 positive subtype) [4, 5]. These different subtypes
have been associated with different clinical outcomes [6, 7]. The basal-like and HER2+
subtypes are associated with a poorer prognosis, whereas the luminal A subtype is
associated with a better prognosis. Immunohistochemical evaluation of ER and HER2
expression has also been used to reliably categorize tumors as luminal, HER2+ or basal-like
subtype [8].

Attempts have been made to categorize DCIS by immunohistochemistry [9, 10]. While
subtypes similar to those seen in invasive cancer have been identified in DCIS, there is no
consensus regarding the clinical implications of these phenotypic groups in pre-invasive
disease.

We have recently reported that HER2 overexpression in DCIS is associated with invasive
foci at a relatively higher frequency [11]. Our observation have been recently confirmed by
a study based on Chinese population [12]. In this study, we have expanded the study
population and also evaluated the other relevant clinico-pathologic features and the subtypes
of DCIS as determined by immunohistochemistry. The objective of this study was to assess
associations between these features and rate of early invasion, which may ultimately inform
decisions on prognosis and management of DCIS.

Materials and Methods

Patients

One hundred ninety-six consecutive patients with mammogram and breast magnetic
resonance imaging (MRI) suggesting DCIS without obvious evidence of invasive disease
were identified from a group of patients treated by a single surgeon (BJC) being screened for
DCIS vaccine study between 2003 and 2009 at the Hospital of the University of
Pennsylvania. This study was retrospectively performed on de-identified patients’
information with approval of the internal review board (IRB) at our institution. As part of
the retrospective study on archival material, our IRB approved that informed consent was
not required from the subjects for this study.

All patients underwent biopsy (core biopsy or needle localization) and subsequent local
resection (lumpectomy or simple mastectomy) within a period of 1 to 7 months (median 2
months). Clinical and histologic materials were reviewed in all patients and 53 cases were
excluded after initial review because of the lack of appropriate imaging study or histologic
material for review and immunohistochemical evaluation, leaving 143 patients for this
analysis. In these 143 patients, there was no suspicion of invasive breast cancer by clinical

J Surg Oncol. Author manuscript; available in PMC 2012 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Harada et al.

Page 3

and radiographic evaluation, which was performed before biopsy was done. Typical
radiographic findings include heterogeneous or clustered microcalcifications on
mammogram and the area of clumped regional enhancement on MRI. The patients with
findings suggesting the presence of an infiltrating carcinoma by MRI (mass with speculated
margins) were excluded. These were confirmed with histologic MRI guided biopsy. Of note,
25 of 53 patients with HER2 positive DCIS were treated with a HER2 targeted dendritic cell
vaccine [13] in the interval between the initial biopsy and subsequent excision.

Histologic and immunohistochemical examination

DCIS was identified in all patients on initial biopsy (39 needle localization and core biopsy
for the remaining cases). Histopathological features were assessed on slides of formalin-
fixed paraffin-embedded tissues stained with hematoxylin and eosin. A histological grade of
low, intermediate or high was assigned according to the nuclear grade for in-situ lesion at
time of the diagnosis. Invasive lesion is graded according to Nottingham modification of
Bloom-Richardson system. ER, PR and HER2 status was determined with commercially
available, FDA approved ER/PR PharmDx tests and HercepTest (DAKO) performed in the
Laboratory of the Diagnostic Immunohistochemistry at the Hospital of the University of
Pennsylvania at the time of the initial diagnosis following the FDA approved manufacture
procedure guidelines. Only nuclear reactivity for ER and PR and membrane reactivity for
HER2 were considered significant respectively. The immunoreactivity was interpreted by
single pathologist (PJZ) according to the guidelines provided by the manufacturer. Cases
were considered positive for ER or PR when the Allred score [14] was 3 or higher. HER2
was scored as positive when HER2 reactivity was 2+ or 3+ in more than 10% of DCIS
tumor cells (see Discussion). Based on the result of ER, PR and HER?2 test, the DCIS cases
were classified in four subgroups; ER and/or PR positive and HER2 negative [ER/PR+/
HER2-], ER and/or PR and HER2 positive [ER/PR/HER2+], ER and PR negative and
HER2 positive [ER/PR—/HER2+] and ER, PR and HER2 negative [ER/PR/HER2—, triple
negative]. The presence of invasive disease, various histopathologic features of DCIS and
invasive carcinoma, when present, as well as their ER, PR and HER2 phenotypes were
evaluated. HER2 evaluation in invasive lesions was followed by standard guideline [15] and
fluorescent in-situ hybridization (FISH) test was performed for the cases with 2+
immunoreactivity.

Statistical analysis

Descriptive statistics were generated to examine the distribution of each variable, including
median and range for continuous variables and frequency and percentage for categorical
variables. Associations between presence of invasive disease and categorical patient and
histopathologic characteristics were tested by Fisher’s exact test for nominal variables and a
linear trend test for ordinal variables. The nonparametric Wilcoxon rank sum test was used
to compare continuous variables between two groups and the Kruskal-Wallis test was used
to compare continuous variables among more than two groups. McNemar’s test was
employed to test agreement in paired binary response variables. To conduct this test, a 2 x 2
contingency table is constructed. Cells on the diagonal have the same characteristic (i.e.,
there is agreement) and do not contribute to the test. The test determines whether there is
symmetry of counts in cells above the diagonal versus counts in cells below the diagonal. If
the two counts differ significantly, this reflects change or disagreement between the paired
variables. The McNemar-Bowker test was employed to test agreement in paired multinomial
response variables. This test is a generalization of McNemar’s test to variables with more
than two responses. Univariate logistic regression models were employed to estimate odds
ratios and 95% confidence intervals. The Wald test was used to determine significance of
each variable in the model. Multivariable models were employed to estimate odds ratios and
assess significance of several variables simultaneously. Both backward elimination and
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forward selection techniques were used to build models. P < 0.05 was considered
statistically significant. All statistical tests were 2-sided. Analyses were conducted using
SPSS v17.0 (SPSS Inc, Chicago, IL) or StatXact v8.0 (Cytel, Cambridge, MA).

The study population consisted entirely of women, with a median age of 52 (range 33-87);
approximately one-third of patients were 40-49 years (Table 1). Grade of DCIS was low in
12 (8.5%), intermediate in 50 (35.2%) and high in 80 (56.3%) patients. ER was positive in
106 (74.1%) patients and HER2 was positive in 53 (37.1%) patients. Increasing grade was
significantly associated with higher rate of HER2 positivity (25% in low, 18% in
intermediate and 50% in high grade patients, p=0.001). Patients were divided into four
subgroups based on ER, PR and HER2 phenotypes of DCIS. ER/PR+/HER2—(luminal A),
ER/PR/HER2+ (luminal B), ER/PR"/HER2+ (HER2), and ER/PR/HER2- (triple negative)
phenotypes accounted for 83 (58.0%), 25 (17.5%), 28 (19.6%), and 7 (4.9%) cases,
respectively. There was no difference in patient age among the phenotype groups (p=0.39).
Median age was: 51 years in ER/PR+/HER2—, 51 years in ER/PR/HER2+, 53 years in ER/
PR™/HER2+ and 59 years in triple negative. Histologically, all cases of low grade DCIS had
either ER/PR+/HER2- (luminal A) or ER/PR/HER2+ (luminal B) phenotype. High grade
DCIS comprised only 41.0% of ER/PR+/HER2— (luminal A) cases but 64.0% of ER/PR/
HER2+ (luminal B) cases, 89.9% of ER/PR—/HER2+ cases (HER2), and 85.7% of triple
negative cases. Within the ER/PR+/HER2— (luminal A) group, the majority of the cases
were ER positive with only two cases being ER negative and PR positive. These two cases
were high grade DCIS and no invasive disease was identified. The size of DCIS was not
analyzed in this study as precise size measurement is controversial and difficult to assess in
DCIS [16].

In addition to DCIS, invasive disease was identified on histologic examination in 30 (21%)
of the patients. These cases are summarized in Table 2 (an example shown in Figure 1). In
six cases, invasive foci were found at the time of initial biopsy (two needle localization and
four core biopsies), all of which were small (maximum 2 mm). No residual or additional
invasive disease was identified in the subsequent resection specimen in all six cases that
were found to have invasive disease in the initial biopsy. In addition to these six cases with
clear invasive lesions in initial biopsy, the initial biopsy specimens of nine more cases
showed focal histologic changes deemed to be suspicious but not definitive for invasive
lesion at the time of diagnosis without additional immunohistochemical work-up. However,
definitive invasive disease was detected in only two of these 9 cases in the subsequent
resection. Invasive disease was found in the subsequent resection in 24 cases (3 with needle
localization originally and 21 with core biopsies). Twenty-seven of the invasive lesions were
of the ductal type, two were of the lobular type and two were of other type (micropapillary
and mucinous type). The grade of the foci of invasive non-lobular carcinoma were well-
differentiated in 5, moderately differentiated in 6, poorly differentiated in 7 cases and too
small to be graded in 10 ( including six cases in which invasive lesion is only found in initial
biopsy). The two cases of infiltrating lobular carcinoma were not graded.

Table 3 displays distributions of patient and DCIS histopathologic variables for cases with
and without early invasion. Median age of the 30 patients with early invasive disease was 52
years (range 36—78) and did not differ significantly from those 113 patients with DCIS only,
whose median was also 52 years (range 33-87; p=0.53). The majority of these DCIS-
associated invasive lesions were small (range 1-15 mm and mean size 4.0 mm). Increasing
DCIS grade was significantly associated with higher rate of invasive disease (8.3% in low,
14% in intermediate and 26.30% in high grade patients, p=0.05). Although ER negative and
PR negative patients had higher rates of invasion, these associations were not significant
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(p=0.35 and p=0.20, respectively). HER2 positivity was significantly associated with a
higher rate of invasive disease (35.8% in HER2 positive vs. 12.2% vs. HER2 negative
patients, p=0.001). These results suggest that HER?2 positivity in DCIS is the strongest
single marker associated with an occult invasive disease.

There was also a significant association between DCIS immunophenotype and the presence
of invasive disease (p=0.009) (Table 3). Although invasion rates were higher in HER2
positive DCIS regardless of ER/PR status than HER2 negative DCIS and ER/PR status itself
does not contribute significantly to invasion risk, invasive rates were higher in ER/PR/
HER2+ (luminal B) (40%) and ER/PR—/HER2+ (HER2) (32.1%) DCIS groups than ER/PR
+/HER2— (luminal A) (12%)and ER/PR/HER2— (triple negative) DCIS groups (14.3%).

Among the 25 vaccine-treated patients, 9 cases (36.0%) were found to have invasive
diseases in subsequent excision. The incidence of invasive disease in these vaccine-treated
patients was very similar to that of all HER2 positive patients (19/53, 35.8%) and of
unvaccinated HER? positive patients (10/28, 35.7%). Further study with greater numbers of
patients is required in order to verify the effect of vaccine treatment as this trial was a
feasibility study to assess immune response and not the effect on any invasive disease.

By univariate logistic regression, we found that HER2 positive DCIS were 4 times more
likely to have invasion as compared to HER2 negative DCIS (p=0.001, Table 4A). ER
negativity and higher grade were also associated with higher risk of invasion but these did
not reach statistical significance. By multivariable regression analysis, the odds ratio for
invasion was 4.15 for HER2 positive DCIS, after adjusting for both ER status and grade
(p=0.004). Neither ER status nor grade was significant predictor in the multivariable model.
Phenotype was significantly associated with invasion (p=0.013, Table 4B). As noted
previously, the odds ratios were higher for both ER/PR/HER+ (luminal B) and ER/PR—/
HER2+ (HER2) DCIS (4.87 and 3.46, respectively). In multivariable regression analysis, the
significance of phenotype was to 0.04, after adjusting for grade.

In order to minimize any potential effects of vaccine treatment in DCIS natural biology, all
the analyses were also performed with exclusion of the vaccinated patients (n=25). With
numbers of HER2+ cases and high grade cases being decreased the most from a total of 53
to 28 in HER2+ cases (47%) and 80 to 61 in high grade cases (24%) in the analysis, the
statistical differences remained in all but the linear trend test for grade in association with
invasion (Table 3) and multivariable analysis (Table 4).

Lastly, we examined agreement in immunophenotype between DCIS and invasive lesions.
Sufficient invasive tissue was available to allow immunohistochemical staining for ER, PR
and HER2 in 22 of 30 DCIS cases with invasive disease. All 6 patients with HER2 negative
DCIS also had HER2 negative invasive lesions, while 11 of 16 patients with HER2 positive
DCIS also had HER2 positive invasive lesions (Table 5A). In 5 discordant cases, the
patients had HER2 positive DCIS and HER2 negative invasive lesions; this lack of
symmetry nearly reached statistical significance (p=0.06). Six of 8 patients with ER negative
DCIS also had ER negative invasive lesions while 9 of 14 patients with ER positive DCIS
also had ER positive invasive lesions (Table 5B). There were 7 discordant cases, 5 patients
had ER positive DCIS and ERnegative invasive lesions (Figure 1) and 2 patients had ER
negative DCIS and ER positive invasive lesions, but this result was not significant (p=0.45).
With regard to phenotype agreement, 12 patients were concordant for phenotype in DCIS
and invasion lesions (Table 5C). Interestingly, 8 of the 10 discordant cases had ER/PR/
HER2+ (luminal B) DCIS with differing phenotypes in their invasive lesions and the
remaining 2 cases had ER/PR+/HER2— (luminal A) invasive lesions with differing
phenotypes in their DCIS; this lack of symmetry nearly reached statistical significance
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(p=0.08). In the 12 patients who were concordant for phenotype in DCIS and invasion
lesions, 8 of the 11 (73%) patients had high grade DCIS (Table 2). The grade of the invasive
lesion was available in 10 of these 12 patients. Two patients were had well-differentiated
(20%), 2 had moderately-differentiated (20%) and 6 had poorly differentiated (60%) disease.
Our result suggests that ER/PR/HER2+ (luminal B) DCIS appears to be the most unstable
precursor as it was most often associated with invasive disease, and frequently associated
with a discordant phenotype between invasive and in-situ components.

Discussion

Small invasive lesions arising in a background of DCIS are frequently undetectable on
radiographic evaluation. Such lesions likely represent foci of early progression from the
associated precursor lesion. In the presented group of patients with clinical and radiographic
findings of DCIS, early (average 0.4 cm) invasive disease was detected by histologic
examination in 30 of 143 patients (21.7%). Only a small percentage of these invasive lesions
(6 cases; 4% of total cases; 20% of all invasive cases) were detected in the initial biopsy
specimen. A majority of cases (24 cases; 80% of all invasive cases) were detected in the
subsequent resection specimen. Due to larger tissue sampling size, needle localization
biopsy was less likely to miss early invasive disease associated with DCIS than core biopsy
(false negative rate 3/37, 8.1% vs. 21/99, 21.2%). For those whose original biopsy showed
only DCIS, incidence of invasive disease in subsequent resection was about 17.5% (24/137).
This is consistent with other series including one from our early study series comparing the
incidence of invasive cancer in patients where core biopsy demonstrates only DCIS [9, 11,
12, 17 and 18]. Our data suggest that significant number of patients, who would have
eventually developed invasive lesions after the initial diagnosis of DCIS, were effectively
treated by short-term subsequent resection. In addition, the histologic changes showing
“suspicious foci but not definitive for invasive disease” in the initial biopsy did not predict
confirmatory detection of invasive disease in subsequent resection specimen.

HER2 positivity in DCIS was the dominant factor associated with early invasive disease in
this expanded study series (35.8% in HER2 positive vs. 12.2% vs. HER2 negative DCIS,
p=0.001), confirming our previous results [11]. A similar observation was recently reported
in another study in Chinese patients with similar size of patient cohort, further supporting
our current results [12]. HER2 testing is not routinely performed in DCIS specimens as
current standard of practice. The strong association between invasive disease and HER?2
positive DCIS indicates that HER2 immunostaining might be useful for predicting the
presence of occult invasive disease in subsequent resection in patients diagnosed with DCIS
in biopsy and help to identify a group of DCIS patients at high risk of developing invasive
disease for clinical management.

In the current study, we chose to utilize the original HercepTest scoring criteria (2+ or 3+ in
more than 10% of DCIS tumor cells) to determine HER2 over-expression in DCIS instead of
the more stringent criteria currently used for invasive disease as a predictor of response to
conventional anti-HER2 therapy [14]. The reason for this approach is that our study is aimed
to evaluate HER?2 as a marker for a group of patients who have high risk of developing
invasive lesions, but not as a predictor for response to anti-HER?2 therapy. Setting a low
threshold would lower the false negative rate and maximize the value as a screening marker.
In fact, 11 cases out of 53 HER2 positive DCIS were scored as 2+ HER?2 positive and four
of these 11 cases were associated with invasive lesions, suggesting this group falls into a
category that has a similar behavior to 3+ HER?2 positive cases. This approach is further
supported by the fact that recent studies have shown that even low and moderate HER2 (1+
and 2+) expression is associated with poor clinical outcome in DCIS [19, 20].
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The significance of the distinct molecular phenotypes is well established in IBC but is
relatively unknown in DCIS. In addition to HER2 and other clinic-pathologic factors, we
also evaluated the incidence of early IBC in various DCIS categorized as Luminal A,
Luminal B, HER2+ and Triple Negative groups according to their ER, PR and HER2
immunophenotype. Although there was no significant association between ER/PR
expression and early invasion, HER2 positive subgroups, ER/PR+/HER2+ (Luminal B) and
ER/PR—/HER2+ (HER2+) were also associated with higher rate of early invasion than
HER2- subgroups( ER/PR+/HER2— (Luminal A) and ER/PR/HER2— (Triple negative)
DCIS groups).

The prevalence of the distinct molecular phenotypes has been known to differ significantly
in DCIS compared to invasive breast cancer [21]. Recently, several attempts to categorize
DCIS by immunohistochemistry have been made [9, 10]. The luminal A (ER/PR+/HER2-)
and the basal-like (triple negative) phenotypes (both HER2 negative) have been reported to
be more frequent in invasive cancers (73.4% and 10.9%, respectively) than in DCIS lesions
(62.5 % and 7.7%, respectively) [10]. Conversely, luminal B and HER2+ phenotypes are
more frequent in DCIS (13.2% and 13.5%, respectively) than in invasive lesions (5.2% and
5.7%, respectively) [10]. The results of our study using immunohistochemical methods
largely concurred with these previous findings demonstrating higher incidence of HER2
expression in DCIS than invasive ductal carcinoma [10, 21]. The slightly higher incidence of
HER2 positivity in DCIS in our study (53/143, 37.1%) than the previous studies may have
resulted, in part, from the different criteria used to establish HER2 positivity in DCIS in
contrast to the current more stringent criteria requiring 3+ intensity and at least 30% positive
tumor cells to be considered for positive results for invasive carcinoma [15] (see later
discussion). However, a study by Park et al. using FISH method showed a significantly
higher incidence of HER2 gene amplification in DCIS (50% of pure DCIS cases) than
invasive ductal carcinoma (29%) in their series [18] corroborating that the higher incidence
of HER2 overexpression in DCIS likely represents a naturally occurring phenomenon.

Because of the different incidence of HER2 expression in invasive and in-situ lesions, one
would expect that not all the invasive lesions would have the same ER/PR/HER2
immunophenotype as the associated background DCIS. In the 22 cases of the DCIS with
invasive disease in which sufficient invasive disease was available for immunohistochemical
testing (Table 5), immunophenotype was discordant between the invasive and in-situ disease
in 5 of the 16 HER2 positive DCIS cases. Of the 11 cases with HER2 negative invasive
lesions, 6 had HER2negative DCIS and 5 had HER2 positive DCIS lesions. In addition, 8 of
9 invasive carcinomas arising from ER/PR/HER2+ (luminal B) DCIS demonstrated loss of
at least one of ER, PR or HER2 when compared to their associated DCIS. In contrast, ER,
PR and HER2 phenotype of the invasive disease remained unchanged in all 5 cases of ER/
PR+/HER2- (luminal A) DCIS.

It has previously been argued that the lower rate of HER2 expression in invasive disease
compared to in situ disease indicates that HER2 expression is not essential for disease
progression. Conversely, the strong association between HER2 positive DCIS with early
invasive disease in this study suggests a role for HER2 expression in early cancer
progression or at least as a biomarker for DCIS patients with higher rate of development of
the invasive disease at the same site of the DCIS. Also noteworthy is the finding that HER2
positive DCIS may be associated with HER2 negative invasive disease. In some cases, the
down regulation of HER2 seen in patients treated with HER?2 targeted vaccination in our
series questions the role of this treatment in the discordant HER2 expression in subsequent
invasive disease. However, HER2 was down regulated in both vaccinated and unvaccinated
DCIS, and interestingly, more frequently in unvaccinated cases (3/7, 42.9%) than vaccinated
ones (2/9, 22.2%), although these rates are imprecise due to the small numbers of cases. This
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observation, although preliminary, does not support the notion that down-regulation of
HER?2 in invasive disease arising in HER2 positive DCIS is due to HER?2 targeted vaccine
therapy.

The conversion of intraductal to invasive disease is a complex process and our findings
suggest that during this process, certain biologic pathways may be activated transiently,
reflected by the discordance between ER/PR and HER2 immunoexpression in invasive and
in situ components in some cases. This phenomenon may also reflect the variable degree of
pathway instability in cancer cells as it appears that ER/PR/HER2+ (luminal B) DCIS is a
particularly unstable phenotype with a high malignant or invasive potential. Moreover, the
high frequency of phenotypic shift in patients with ER/PR/HER2+ (luminal B) DCIS and
early invasive disease, whether vaccines were administered against HER2 or not, highlights
the role of natural or induced immunity in shaping tumor phenotype during disease
progression.

Systemic hormonal therapy has been shown to decrease the risk of invasive cancer in ER
positive DCIS [22] and adjuvant therapy with tamoxifen is now widely accepted for treating
ER positive DCIS. However, there is no consensus regarding the role for systemic therapy in
patients with ER negative DCIS. Currently, neoadjuvant therapy using trastuzumab or other
HER?2 targeting therapies are under investigation as a treatment option for patients with
HER?2 positive DCIS [23]. Indeed, the National Surgical Adjuvant Breast and Bowel Project
(NSABP) is conducting a phase 11l randomized trial of trastuzumab for patients with HER2
overexpressing DCIS treated with breast-conserving surgery yielding negative margins [22,
23]. Other novel therapies targeting HER2 are also recently under investigation for breast
cancer prevention in patients with HER2 positive DCIS. Although there is a general concern
that anti-HER2 treatment may play a role in HER2 negative conversion in invasive disease,
our finding did not indicate such risk. In addition, our data showed that a lower incidence of
invasive disease in anti-HER2 vaccine treated patients than untreated patients, which seems
to suggest a potential cancer preventive effect of this anti-HER2 vaccine treatment.
However, whether or not such HER2 targeted therapy could result in more phenotypic
instability in DCIS and the subsequent arising of HER2 negative invasive disease, or has a
cancer preventive effect needs further investigation.

Conclusions

In summary, our study demonstrates that invasive disease is identified in 21% of the patients
who had DCIS with no radiographic evidence of invasive disease. The majority of these
invasive lesions were small. Immunophenotypical classification of DCIS, especially HER2
reactivity, might be useful in identifying a group of DCIS patients with higher risk for the
presence or subsequent development of early invasive disease. However, the long term
implication of such prediction needs to be validated. Furthermore, the significantly greater
rate of invasive disease in HER2 positive DCIS in this study suggests that effective targeting
of HER2 in DCIS may be of particular benefit in preventing the development of invasive
breast cancer and is certainly worthy of further investigation.
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Figure 1.

Example of the case that had invasive lesion in subsequent resection. ER/PR/HER2+ DCIS
in initial biopsy: A. H&E stain; B. ER PharmDx stain and C. HercepTest stain. DCIS and
invasive lesion in subsequent resection: D. H&E stain; E. ER PharmDx stain and F.
HercepTest stain. Note the lack of ER and HER2 expression in the invasive element in
subsequent resection.
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Table 1
Patient and DCIS Histopathologic Characteristics

| # | %

All patients | 143 | 100.0
Age at diagnosis,

median 52

range 33-87
Age at diagnosis, decades

30-39 10 7.0%

40-49 49 | 34.3%

50 - 59 42 | 29.4%

60 - 69 28 | 19.6%

70-79 9 6.3%

80 -89 5 3.5%
Grade™

Low 12 8.5%

Intermediate 50 | 35.2%

High 80 | 56.3%
ER Status

ER negative 37 | 25.9%

ER positive 106 | 74.1%
PR status?

PRnegative 47 | 33.3%

PRpositive 94 | 66.7%
HER?2 Status

HER2 negative 90 | 62.9%

HER2 positive 53 | 37.1%
Phenotype

ER/PR+/HER2™ 83 | 58.0%

ER/PR/HER2+ 25 | 17.5%

ER/PR"/HER2+ 28 | 19.6%

ER/PR/HER2™ 7 4.9%

*
one case missing Grade

# L
two cases missing PR status
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Table 5

Agreement of DCIS and Invasion Phenotypes

DCIS Lesion | ER negative | ERpositive

5A. | Invasive Lesion McNemar’s test p value
DCIS Lesion | HER2negative | HER2 positive

HERZ2 negative 6 0 0.06

HER2 positive 5 11
5B. | Invasive Lesion McNemar’s test p value

DCIS Lesion | ER/PR+/HER2™ | ER/PR/HER2+ | ER/PR7/HER2+ | ER/PR/HER2™

ERnegative 6 2 0.45
ER positive 5 9
5C. | Invasive Lesion McNemar-Bowker test p value

ER/PR+/HER2™ 5
ER/PR/HER2+ 3
ER/PR™/HER2+ 1
ER/PR/HER2™ 1

o O +» O

o o M~ O

o o L o

0.08
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