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Treatment patterns and clinical outcomes
of patients with HER2-positive T1ImicNO
breast cancer: a single-center analysis
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We conducted a retrospective analysis of 213 patients with HER2+ T1micNO breast cancer. Patients
with =5 foci of microinvasion received more aggressive treatment with higher rates of sentinel lymph
node biopsy and adjuvant chemotherapy/HER2-targeted therapy (CT/H2TT) than patients with 1-4
foci. We did not detect significant differences in invasive disease-free survival between patients with
1-4 and >5 foci, or between patients with >5 foci who did and did not receive adjuvant CT/H2TT.

In breast cancer (BC), microinvasion (MI), defined as one or more foci of
invasion <1 mm in size, is most commonly encountered in the setting of
high-grade ductal carcinoma in-situ (DCIS)". Due to the low incidence of
DCIS with MI (DCIS-MI, comprising ~1% of all BC cases)’, data regarding
disease characteristics and clinical outcomes are limited. Although the
prognosis of DCIS-MI is reported to be similar or slightly worse than that of
patients with pure DCIS"**, microinvasive BC is more likely to be human
epidermal growth factor receptor 2-positive (HER2+-) and less likely to be
estrogen/progesterone receptor-positive (ER/PR+) than DCIS’. In an
analysis of 1530 patients with microinvasive BC stratified by hormone
receptor (HR) and HER2 subtypes, the HR—/HER2+ subgroup had the
worst outcomes’.

The standard of care (SOC) for stage IA HER2+ BC consists of breast-
conserving surgery (BCS) and adjuvant radiotherapy (RT) or mastectomy,
and antiestrogen therapy if the invasive carcinoma is ER/PR+". In addition,
adjuvant paclitaxel and trastuzumab (TH) is now SOC for T1b+ (>5 mm)
and strongly considered for Tla after the single-arm APT trial demon-
strated a 3-year invasive disease-free survival (iDFS) rate of 98.7%". How-
ever, only 9 of the 406 patients in the trial had Tlmic disease. No
randomized trials have specifically investigated optimal treatment for the
T1micNO HER2+ subgroup. Thus, management remains controversial.
National Comprehensive Cancer Network Guidelines recommend to
“consider adjuvant chemotherapy with trastuzumab (category 2B)” for
patients with stage IA HER24- tumors <5 mm in size, and a footnote states
that “the absolute benefit of HER2-based systemic chemotherapy is likely
negligible in patients with HR+ cancers and tumor size bordering on T'1mic

»7

(<1 mm)”™’. Guidelines do not indicate whether management should vary
between cases with single or multiple foci of ML

In this single-center study of patients with HER2+ T1micNO BC, our
objectives were to define patient and disease characteristics, treatment
patterns, and clinical outcomes. We hypothesized that patients with many
foci of MI would have worse survival outcomes, receive more aggressive
treatment, and derive more clinical benefit from adjuvant chemotherapy
and HER2-targeted therapy (CT/H2TT) than patients with single or rare/
few foci of MIL.

We searched the Memorial Sloan Kettering Cancer Center pathology
database for patients with a histologically confirmed, final diagnosis of
T1micNO HER2+ (immunohistochemistry [THC] 3+, or amplified by
fluorescence in-situ hybridization [FISH]) BC on core needle biopsy (CNB)
and/or excision between 1/1/2009-9/30/2023. We excluded patients who, at
time of index diagnosis, had known metastatic disease including macro- or
micrometastatic lymph node involvement (isolated tumor cells only were
permitted), or macroinvasive BC (spanning >1 mm) either concurrently or
within the preceding 20 years (Supplementary Fig. 1). The outcome of
interest was iDFS, defined as time from date of surgery to event (distant or
locoregional recurrence, new microinvasive or macroinvasive BC, death due
to any cause). Patients who were alive and event-free were censored at the
last known date of no evidence of disease (NED).

We identified 213 patients who met the above criteria. Clin-
icopathologic variables are included in Table 1. The median age at diagnosis
was 55 years (range, 25-85 years). Two hundred twelve patients (99.5%) had
DCIS-MI, and one (0.5%) had lobular carcinoma in-situ (LCIS) with lobular
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Table 1 | Patient and disease characteristics

Characteristic Overall Number of foci p-value*

n=213 <5(n=141) >5 (n =65)

Age 55 (47, 61) 56 (47, 62) 51 (46, 59) 0.11

Sex n % n % n % 0.32
Female 212 99.5% 141 100.0% 64 98.5%

Male 1 0.5% 0 0.0% 1 1.5%

Pathogenic germline BRCA1/2 mutation 0.55
Yes 3 1.4% 3 2.1% 0 0.0%

No 78 36.6% 49 34.8% 28 43.1%
Testing not done or results unknown 132 62.0% 89 63.1% 37 56.9%

HER2 expression of microinvasive component >0.9
IHC 3+ 211 99.1% 139 98.6% 65 100.0%

IHC 1-2+, amplified by FISH 2 0.9% 2 1.4% 0 0.0%

Diagnosis on CNB and/or excision <0.01**

CNB only 4 1.9% 3 2.1% 1 1.5%
Excision only 151 70.9% 108 76.6% 37 56.9%
Re-excision only 1 0.5% 1 0.7% 0 0.0%

CNB and excision 57 26.8% 29 20.6% 27 41.5%

Foci of microinvasion
Single 58 27.2% 58 41.1% 0 0.0%

Multiple 155 72.8% 83 58.9% 65 100.0%

Laterality 0.32
Unilateral 212 99.5% 141 100.0% 64 98.5%

Bilateral 1 0.5% 0 0.0% 1 1.5%

ER/PR expression of microinvasive component 0.12
Negative 142 66.7% 93 66.0% 45 69.2%

Low positive 15 7.0% 7 5.0% 8 12.3%

Received antiestrogen therapy 4 26.7% 3 42.9% 1 12.5% 0.28
Positive 52 24.4% 37 26.2% 12 18.5%

Received antiestrogen therapy 40 76.9% 29 78.4% 10 83.3% >0.9
Unknown 4 1.9% 4 2.8% 0 0.0%

DCIS grade 0.01
2 19 8.9% 18 12.8% 1 1.5%

2-3 24 11.3% 15 10.6% 8 12.3%
3 169 79.3% 108 76.6% 55 84.6%
LCIS 1 0.5% 0 0.0% 1 1.5%

Pathologic size of DCIS (in centimeters) <0.01
<1icm 9 4.2% 9 6.4% 0 0.0%
>1cmbut <2cm 35 16.4% 27 19.1% 6 9.2%
>2 cm but <3cm 23 10.8% 16 11.3% 6 9.2%
>3 cm but <4 cm 20 9.4% 9 6.4% 10 15.4%
>4 cm 53 24.9% 30 21.3% 23 35.4%

Not available 73 34.3% 50 35.5% 20 30.8%

Mammographic size of lesion (in centimeters) 0.73
<2cm 62 29.1% 43 30.5% 18 27.7%
>2 cm but <5cm 72 33.8% 49 34.8% 20 30.8%
>5cm 57 26.8% 37 26.2% 20 30.8%

Not available 22 10.3% 12 8.5% 7 10.8%

Necrosis 0.51
Less than moderate 10 4.7% 8 5.7% 2 3.1%
Moderate/marked/central 196 92.0% 128 90.8% 62 95.4%

Unknown 7 3.3% 5 3.5% 1 1.5%
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Table 1 (continued) | Patient and disease characteristics

Characteristic Overall Number of foci p-value*
n=213 <5 (n=141) 25 (n = 65)
Surgical margin status (microinvasive >0.9
carcinoma)
No tumor on ink 213 100.0% 141 100.0% 65 100.0%
Surgical margin status (DCIS) 0.38
>2 mm 162 76.1% 110 78.0% 47 72.3%
CT and/or H2TT receipt <0.01
No 176 82.6% 131 92.9% 39 60.0%
Yes 35 16.4% 9 6.4% 25 38.5%
Unknown 2 0.9% 1 0.7% 1 1.5%
CT and/or H2TT regimen
CMF 1 2.9% 0 0.0% 1 4.0%
T-DM1 1 2.9% 0 0.0% 1 4.0%
TH 33 94.3% 9 100.0% 23 92.0%
Unknown 2 - 1 - 1 -
None 176 - 131 - 39 -
Antiestrogen therapy receipt 0.30
No 158 74.2% 101 71.6% 51 78.5%
Yes 55 25.8% 40 28.4% 14 21.5%
Adjuvant radiotherapy 0.15
No 129 60.6% 80 56.7% 44 67.7%
Yes 83 39.0% 60 42.6% 21 32.3%
Unknown 1 0.5% 1 0.7% 0 0.0%
Type of surgery 0.06
Lumpectomy 85 39.9% 63 44.7% 20 30.8%
Received adjuvant radiotherapy 82 96.5% 60 95.2% 20 100.0% >0.9
Mastectomy 128 60.1% 78 55.3% 45 69.2%
Lymph node evaluation <0.01***
None 29 13.6% 26 18.4% 3 4.6%
SLNB 183 85.9% 114 80.9% 62 95.4%
SLNB converted to ALND 1 0.5% 1 0.7% 0 0.0%
Contralateral mastectomy 0.21
No 165 77.5% 113 80.1% 47 72.3%
Yes 48 22.5% 28 19.9% 18 27.7%
Reason(s) for contralateral mastectomy®
Patient choice 32 66.7% 22 78.6% 10 55.6%
Carcinoma in-situ of contralateral breast 11 22.9% 4 14.3% 5 27.8%
Strong family history of breast cancer 4 8.3% 2 71% 2 11.1%
Pathogenic germline BRCA1/2 mutation 2 4.2% 2 71% 0 0.0%
Bilateral microinvasive disease 1 21% 0 0.0% 1 5.6%

Treatment patterns and patient/disease characteristics in the overall cohort (n = 213) and in patients with <5 (n = 141) vs. 25 foci (n = 65) of microinvasion. We were unable to categorize seven cases as having
<5 or >5 foci and hence, they were not included in subgroup analyses. Age in years: median (interquartile range). Variables: n (%).

CNB core needle biopsy, CMF cyclophosphamide, methotrexate, fluorouracil, T-DM1 ado-trastuzumab emtansine, ALND axillary lymph node dissection.

*The seven patients with unknown number of foci were excluded from formal comparisons. “Unknown” or “Not available” categories were not included in p-value calculations. Significant p-values (<0.05)
are shown in bold; **p-value derived from comparing “CNB only” and “CNB and Excision” vs. “Excision Only” and “Re-excision Only”; ***p-value derived from comparing “None” vs. “SLNB” and “SLNB

converted to ALND”.
“Some patients had more than one cited reason for undergoing contralateral mastectomy.

microinvasive carcinoma. The DCIS component was of high nuclear grade
in 169 (79.3%) cases, with moderate, central, or marked necrosis in 196
(92.0%) cases. Two hundred eleven patients (99.1%) had 3 + HER2 staining
of the microinvasive component, and two (0.9%) had 1-2+ staining with
amplification by FISH. One hundred fifty-five patients (72.8%) had multiple
foci of MI. Eighty-five patients (39.9%) underwent BCS, of whom 82

(96.5%) received adjuvant RT. One hundred twenty-eight patients (60.1%)
underwent total mastectomy, of whom 48 (37.5%) underwent contralateral
mastectomy. One hundred eighty-four patients (86.4%) underwent sentinel
lymph node biopsy (SLNB). Thirty-five patients (16.4%) received adjuvant
CT and/or H2TT, the predominant regimen being TH (n =33, 94.3%).
Fifty-two patients (24.4%) had ER/PR+ microinvasive carcinoma, of whom
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40 (76.9%) received adjuvant antiestrogen therapy. Fifteen (7.0%) patients
had ER/PR-low positive (1-10% of tumor cells) microinvasive carcinoma, of
whom 4 (26.7%) received adjuvant antiestrogen therapy.

The median follow-up for the overall cohort was 5.5 years (range,
0.1-15.7 years). There were 13 iDFS events: two distant recurrences, one
contralateral HER2-negative new breast primary, seven local recurrences,
two non-BC related deaths, and one death due to unknown cause. Details
regarding events are included in Table 2. Prognosis was excellent, with an
estimated 5-year iDFS rate of 95% (95% confidence interval [CI]: 91, 98). We
did not detect significant differences in iDFS between patients with single vs.
multiple (>2) foci of MI (p = 0.40), or between patients with >2 foci of MI
who received vs. did not receive adjuvant CT/H2TT (p = 0.69) (Supple-
mentary Fig. 2a, b).

Upon review of the original pathology reports, we found that quali-
tative/semi-quantitative descriptors of DCIS-MI (e.g. “rare”, “few”, “mul-
tiple”, “at least X”) were used to communicate extent of microinvasive
disease in 84 cases (39.4%). Prior studies have compared outcomes between
patients with single and multiple (>2) foci of MI**""". However, we hypo-
thesized that prognosis and treatment patterns would vary by number of
foci (e.g. 2 vs. 12) such that comparisons of single vs. >2 foci would be too
broad to capture these differences. To obtain more precise data, we retrieved
available glass and/or digital slides to quantify exact number of micro-
invasive foci for 55 (25.8%) cases where the pathology report used a qua-
litative/semi-quantitative descriptor that did not allow us to definitively
determine whether there were <5 or =5 foci (e.g. “multiple”, “at least 3”).
Patients were subsequently classified as having 14 vs. 25 foci (Table 1). We
were unable to categorize number of foci as <5 vs. 25 for seven cases (3.3%)
due to unavailable material; these patients were removed from analyses
comparing these subgroups. The distribution of cases by number of
microinvasive foci is shown in Supplementary Fig. 3.

Of'the 155 patients with multiple foci of MI, 65 (41.9%) had =5 foci. We
did not detect a significant difference in iDFS between patients with =5 vs.
1-4 foci of MI (HR 0.73, 95% CI: 0.20, 2.72; p = 0.64; Fig. 1a). Compared to
patients with 1-4 foci of MI, those with >5 foci were more likely to present
with DCIS that was high grade (p = 0.01) and larger in size (p < 0.01), to be
diagnosed with microinvasive disease on CNB (p < 0.01), to undergo SLNB
(p <0.01), and to receive adjuvant CT/H2TT (p < 0.01). More patients with
>5 foci underwent total mastectomy; this difference was marginally sig-
nificant (p = 0.06). There were no significant differences in rates of ER/PR
positivity of the microinvasive component, antiestrogen therapy, adjuvant
RT, and contralateral mastectomy by focality (Table 1). While these data
suggest that patients with many foci receive more aggressive treatment than
those with single/few foci, there are no prospective data to support escalation
of therapy for this subgroup. Thus, we investigated whether adjuvant CT/
H2TT is associated with an iDFS benefit.

The median follow-up of patients who received adjuvant CT/H2TT
and those who did not were 4.0 (range, 1.3-11.1 years) and 6.1 years (range,
0.1-15.7 years), respectively, due to the adoption of adjuvant TH as SOC for
stage | HER2+ BC starting in 2015. Few patients with 14 foci of MI (n = 9)
received adjuvant CT/H2TT, precluding evaluation of potential clinical
benefit from CT/H2TT in this subgroup. Among patients with =5 foci of MI,
we did not detect a significant difference in iDFS (p = 0.35; Fig. 1b) between
patients who received adjuvant CT/H2TT (n = 25) and those who did not
(n =39). However, we acknowledge the separation of iDFS curves (Fig. 1b)
and in light of the small sample size, we cannot rule out that the lack of iDFS
benefit is due to insufficient statistical power.

We characterized the frequency and nature of distant recurrences
given the potential for curative salvage therapy in the case of locoregional
recurrence (Table 2). Patient #1 had 9 foci of MI at time of diagnosis of
HER2+/HR— DCIS-MI. She did not receive any adjuvant systemic
therapy. She developed a HER2+4/HR— recurrence in the liver
18.9 months after surgery. Patient #2 had 2 foci of MI at time of diagnosis
of triple-positive DCIS-MI. She underwent BCS with re-excision for
close margins. Five weeks after surgery, she began treatment with adju-
vant TH, but paclitaxel was discontinued at approximately 9 weeks due to

progressive neuropathy. She was found to have leptomeningeal disease
2 weeks after the last dose of TH (3.8 months after surgery). As she did
not have neurologic symptoms at time of index diagnosis, imaging and
evaluation of the central nervous system were not done as part of initial
staging and thus, we are unable to rule out that she had occult metastatic
disease. Overall, one patient in each subgroup (1-4 and >5 foci of MI)
experienced a distant recurrence.

Prior studies have investigated the association between multifocality
and clinical outcomes in DCIS-MI with mixed conclusions"**"'*. How-
ever, they are limited by categorization of foci as single vs. multiple®’™",
lack of data regarding systemic therapy administered"*"™", or the
exclusion of patients who received chemotherapy from survival
analyses'”. Large database studies have investigated the benefit of adju-
vant chemotherapy in stage I HER2+4 BC. One study included 626
patients with Tlmic disease and found that patients who received
adjuvant chemotherapy had worse 5-year overall survival (OS) those
who did not, but drug-specific data, including whether or not H2TT was
administered, were unavailable"’. Another study, which included 1184
patients with T1mic through Tlc NO disease, found that adjuvant
H2TT + CT was associated with an iDFS and OS benefit over observa-
tion, but only 14 patients had T1mic disease'. Finally, a retrospective
analysis of 833 patients with T1mic HER2+ BC (96% pN0) and a median
follow-up of 9.9 years did not detect an iDFS benefit associated with the
receipt of adjuvant chemotherapy, but only six patients received H2TT".
In all three studies" ™", focality of MI was not reported. To our knowl-
edge, our study is the first to assess treatment patterns of patients with
HER2+ T1micNO BC according to number of microinvasive foci beyond
the overly limiting categorization of single vs. multiple, and to assess the
frequency and clinical benefit of administering adjuvant TH to this
important subgroup.

This study has several limitations. First, our sample size of 213 for a
disease with excellent prognosis and a low event rate limits our statistical
power, particularly for the analysis of CT/H2TT benefit in the even smaller
subgroup of 65 patients with >5 microinvasive foci. Efforts are underway to
confirm our findings in a large multi-center cohort. Second, its retrospective
nature precludes definitive guidance regarding which patients should and
should not receive adjuvant CT/H2TT. A prospective study would be
necessary, but we believe this is unlikely to occur due to sample size con-
siderations. Third, the median follow-up of patients who received CT/H2TT
was short. We plan to update this analysis when we report results of the
multi-center study.

At our center, patients with HER24 T1micNO BC and >5 foci of MI
receive more aggressive treatment than those with single/few foci do.
However, the risk of distant recurrence is low even in cases with many foci of
MI. Our data do not currently support the practice of administering adju-
vant CT/H2TT to this subgroup.

Methods

Study design, data sources, and variables

This study was approved by the Memorial Sloan Kettering Cancer Center
Institutional Review Board (IRB #24-010). The requirement to obtain
written informed consent for participation in this retrospective study was
waived given minimal risk to patients and removal of all identifying
information. This study complied with all relevant ethical regulations
regarding patient data, in line with ethical norms and standards in the
Declaration of Helsinki.

The pathology laboratory information system (Cerner CoPathPlus)
was queried to identify patients with DCIS-MI. Diagnostic and pre-
dictive/prognostic biomarker data were retrieved from patient respective
data in the laboratory information system. Pathology report review was
completed to extract relevant information. Clinical variables including
age, sex, type of surgery, lymph node evaluation, time elapsed from
surgery to event (locoregional or distant recurrence, death due to any
cause) or last known NED status in the absence of an event, cause of
death, site of recurrence, chemotherapy, HER2-targeted therapy,
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Fig. 1| Invasive disease-free survival in patients with microinvasive, lymph node-
negative, HER2-positive breast cancer: stratification by number of microinvasive
foci (1-4 vs. 25) and by receipt of adjuvant chemotherapy and/or HER2-targeted
therapy (CT and/or H2TT) among patients with >5 foci of microinvasion.

Comparison of iDFS between (a) patients with 1-4 vs. 25 microinvasive foci; (b)
patients with >5 foci who received (yes) vs. did not receive (no) adjuvant CT and/
or H2TT.

radiotherapy, and antiestrogen therapy were obtained by review of
electronic medical records. Follow up of patient outcomes in our dataset
are updated as of 2/1/2025.

Statistical analyses and methods

Patient and disease characteristics were tabulated by number of micro-
invasive foci (1-4 vs. 25). Continuous variables were summarized using
median and interquartile range, and compared using Wilcoxon rank sum
test. Categorical variables were summarized using frequency and percen-
tage, and compared using Fisher’s exact test and Pearson’s chi-squared test.
The outcome of interest was iDFS, defined as time from date of surgery to
date of distant or locoregional recurrence, new microinvasive or macro-
invasive BC, or death due to any cause. Living patients without disease
recurrence were censored at time of last known NED status. The
Kaplan-Meier method was used to estimate iDFS. The log-rank test was
used to compare iDFS between groups. Cox regression was used to examine
the association between focality and iDFS.

Data availability
Deidentified data will be made available upon reasonable request at the
discretion of the corresponding author.
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