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Abstract

Objective—To determine the impact of tumor biology on rates of breast-conserving surgery and
pathologic complete response (pCR) after neoadjuvant chemotherapy.

Summary Background Data—The impact of tumor biology on the rate of breast-conserving
surgery after neoadjuvant chemotherapy has not been well studied.

Methods—We used data from ACOSOG Z1071, a prospective, multicenter study assessing
sentinel node surgery after neoadjuvant chemotherapy in patients presenting with node-positive
breast cancer from 2009 through 2011, to determine rates of breast-conserving surgery and pCR
after chemotherapy by approximated biologic subtype.
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Results—Of the 756 patients enrolled on 21071, 694 had findings available from pathologic
review of breast and axillary specimens from surgery after chemotherapy. Approximated subtype
was triple-negative in 170 (24.5%) patients, HER2-positive in 207 (29.8%), and hormone-
receptor-positive, HER2-negative in 317 (45.7%). Patient age and clinical tumor and nodal stage
at presentation did not differ across subtypes. Rates of breast-conserving surgery were
significantly higher in patients with triple-negative (46.8%) and HER2-positive tumors (43.0%)
than in those with hormone-receptor-positive, HER2-negative tumors (34.5%) (P = 0.019). Rates
of pCR in both the breast and axilla were 38.2% in triple-negative, 45.4% in HER2-positive, and
11.4% in hormone-receptor-positive, HER2-negative disease (P < 0.0001). Rates of pCR in the
breast only and the axilla only exhibited similar differences across tumor subtypes.

Conclusions—nPatients with triple-negative and HER2-positive breast cancers have the highest
rates of breast-conserving surgery and pCR after neoadjuvant chemotherapy. Patients with these
subtypes are most likely to be candidates for less invasive surgical approaches after chemotherapy.
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INTRODUCTION

For patients with newly diagnosed, operable breast cancer who have an indication for
systemic chemotherapy at the time of presentation based on primary tumor factors,
chemotherapy is increasingly given before surgery.1-4 The rationale for neoadjuvant
chemotherapy is that, in addition to allowing assessment of response to therapy, it can
decrease the size or extent of the tumor prior to surgical resection, decreasing the amount of
tissue that needs to be resected and potentially allowing breast-conserving surgery in
patients who without such chemotherapy would have required mastectomy.>-” Breast-
conserving surgery is considered the preferred approach in early-stage breast cancer, and
multiple prospective studies have shown the oncologic safety of breast-conserving surgery
followed by adjuvant radiation therapy.8-13 Breast-conserving surgery after neoadjuvant
chemotherapy has been shown to result in local-regional control rates similar to those in
patients undergoing up-front breast surgery. 14

In addition to reducing the size of primary tumors, neoadjuvant chemotherapy can eradicate
disease in the regional lymph nodes and can convert node-positive disease to nodenegative.
Recent studies have shown nodal pathologic complete response (pCR) rates of
approximately 40% after neoadjuvant chemotherapy, with some variation based on tumor
biologic subtype.15-17 The finding of pCR in the breast and axillary lymph nodes after
neoadjuvant chemotherapy has been shown in multiple studies to be associated with
improved outcomes and is a surrogate marker for survival.18: 19

Breast cancer is currently classified into biological subtypes with distinct behavior, response
to treatment, and outcomes. 20-22 Molecular subtyping provides the most accurate
categorization but often is not available for clinical use. In clinical practice, the
approximated tumor subtype derived from the status of receptors [estrogen and progesterone
receptors (hormone receptors) and human epidermal growth factor receptor 2 (HER2)] is
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readily available and can be used to classify tumor types. Approximated biologic subtype is
associated with rates of clinical and pathologic response to chemotherapy, but the impact of
on surgical procedure has not been well studied.

The American College of Surgeons Oncology Group (ACOSOG) 21071 study was a
prospective clinical trial enrolling patients with node-positive breast cancer receiving
neoadjuvant chemotherapy between 2009 and 2011 to evaluate the accuracy of sentinel node
surgery. In the study reported here, we sought to determine the impact of tumor biology on
rates of breast-conserving surgery as well as on pCR rates in the breast and axillary lymph
nodes in patients enrolled on Z1071.

ACOSOG 71071 (clinicaltrials.gov identifier NCT00881361) was a prospective clinical trial
enrolling women with histologically proven clinical TO-T4 N1-N2 MO primary invasive
breast cancer who had completed or were planning to undergo neoadjuvant chemotherapy.
Patients were enrolled from July 2009 through July 2011. All patients had node-positive
disease at presentation confirmed by either fine-needle aspiration biopsy or core needle
biopsy of ipsilateral axillary lymph nodes. All patients received chemotherapy prior to
definitive breast and axillary surgery. The current analysis includes all patients who met the
protocol eligibility criteria, completed neoadjuvant chemotherapy, and underwent breast and
axillary surgery. The institutional review boards of all participating institutions approved the
71071 study, and written informed consent was obtained from each patient prior to study
entry.

After completion of neoadjuvant chemotherapy, all patients underwent breast and axillary
surgery, and surgical specimens were evaluated by a pathologist. The extent of residual
disease in the breast and axillary lymph nodes was determined. Operative reports and
pathology reports were submitted for central review. Surgical procedure(s) and pathologic
response data were entered into a central database.

All patients had estrogen receptor, progesterone receptor, and HER2 status tested on the
diagnostic core biopsy sample prior to neoadjuvant chemotherapy. Approximated biologic
subtypes were assigned on the basis of estrogen receptor, progesterone receptor, and HER2
status, which was reported by the treating institution. HER2-positive disease was defined as
disease with 3+ HER2 overexpression by immunohistochemistry or HER2 amplification by
fluorescence in situ hybridization. Tumors that were negative for estrogen receptor,
progesterone receptor, and HER2 were classified as triple-negative; HER2-positive tumors
were classified as HER2-positive; and the remaining tumors were classified as hormone-
receptorpositive, HER2-negative.

Clinical response to neoadjuvant chemotherapy was determined by comparing the largest
single tumor diameter on clinical examination and imaging (mammography,
ultrasonography, and magnetic resonance imaging, when performed) at baseline to the
largest single tumor diameter on clinical examination and imaging after neoadjuvant
chemotherapy. Response was classified according to the Response Evaluation Criteria in

Ann Surg. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Boughey et al.

Page 4

Solid Tumors. 23 Complete response was defined as complete or near-complete resolution of
the lesion, partial response as a 30% or greater decrease in the size of the lesion, and disease
progression as a 20% or greater increase in the size of the lesion; all other responses were
defined as stable disease.

Breast surgery was performed within 6 weeks of completion of neoadjuvant chemotherapy.
The type of breast surgery was chosen according to surgeon and patient preference and was
not mandated by the study protocol. Axillary staging was performed with both sentinel
lymph node surgery and completion axillary lymph node dissection. Pathologic response
was calculated using the largest single dimension of the tumor in the surgical specimen. We
examined 3 types of pCR: (1) pCR defined according to the most widely used definition—
i.e., no residual invasive disease in the breast or axilla 1%; (2) pCR in the breast regardless of
axillary response; and (3) pCR in the axilla regardless of breast response.

Statistical Analysis

RESULTS

We evaluated the association of tumor biology, using approximated molecular subtypes,
with surgery type and with pCR. Continuous patient and tumor characteristics were
compared among the tumor groups with an ANOVA test or Kruskal-Wallis test, whichever
was more appropriate. In the case of comparisons between 2 groups, a 2-sample t-test or
rank-sum test, whichever was appropriate, was used. Categorical variables were compared
among/between groups using a chi-squared test. To determine factors associated with breast-
conserving surgery after neoadjuvant chemotherapy, univariable and multivariable logistic
regression models were used. Point estimates and 95% Cls of the odds ratios are presented.
All tests were 2-sided, and a P < 0.05 was considered statistically significant. The database
used for these analyses was locked April 8, 2014. The statistical analyses were performed by
the Alliance Statistics and Data Center using SAS version 9.3.

Patient characteristics

Seven hundred fifty-six patients with TO-T4 N1-N2 MO breast cancer across 136 institutions
were enrolled in the ACOSOG Z1071 study. Twenty one women were ineligible and 34
withdrew from the study prior to surgery. Six hundred and ninety four patients were eligible
and had findings available from pathology review of breast and axillary specimens from
surgery after neoadjuvant chemotherapy. These 694 patients made up the cohort for this
study. Approximated tumor subtype was triple-negative in 170 (24.5%) patients, HER2-
positive in 207 (29.8%) patients, and hormone-receptor-positive, HER2-negative in 317
(45.7%) patients. Baseline patient and tumor characteristics for the 694 patients by tumor
subtype are shown in Table 1. Patient age, clinical T stage and tumor size at presentation,
and clinical nodal stage at presentation (N1 vs N2) did not differ across the subtypes.

For the study group overall, the median tumor diameter was 4.0 cm (range, 0.8-15.0 cm).
The majority of patients had T2 tumors (55%) and 59% of patients had tumors 4 cm or
larger in diameter. Chemotherapy regimens included both an anthracycline and a taxane in
520 patients (74.9%), a taxane but not an anthracycline in 119 patients (17.2%), an
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anthracycline but not a taxane in 43 patients (6.2%), and other regimens in 12 patients
(1.7%). Of the 207 patients with HER2-positive disease, 184 (88.9%) received trastuzumab
with their neoadjuvant chemotherapy.

Breast surgery

Overall, 60.0% of patients underwent mastectomy, and 40.0% underwent breastconserving
surgery (Table 2). The rates of breast-conserving surgery were higher in patients with triple-
negative and HER2-positive breast cancer (46.8% and 43.0%, respectively) than in patients
with hormone-receptor-positive, HER2-negative disease (34.5%; P = 0.019) (Table 2,
Figure 1).

The overall reoperation rate was 7.3%. The reoperation rate was significantly higher in
patients with hormone-receptor-positive, HER2-negative disease (9.8%) than in patients
with triple-negative or HER2-positive disease (3.5% and 6.8%, respectively; P = 0.039). Of
the 51 patients who required more than 1 breast operation, 31 patients (60.8%) underwent
re-excision of the lumpectomy cavity and completed breast conservation, 14 patients
(27.5%) converted from breast-conserving surgery to mastectomy, and 6 patients (11.8%)
had re-excision of a margin after initial mastectomy. Within the group of patients with
hormone-receptor-positive, HER2- negative disease, the requirement for more than 1 breast
operation was significantly higher in lobular tumors than ductal tumors (25% versus 9%,
p=0.044).

Breast-conserving surgery was more common in patients who presented with TO-T2 tumors
than in those who presented with T3-T4 tumors (Table 3). However, 52% of patients who
presented with clinical TO-T2 disease underwent mastectomy. Of the patients who presented
with clinical T3-T4 disease, 23% underwent breast-conserving surgery. Reoperation after
initial breast-conserving surgery was more common in patients with T2/T3 tumors than in
those with TO/T1 tumors.

Predictors of successful breast conservation

The univariable and multivariable evaluation of factors associated with rates of successful
breast conservation included patient age, clinical T stage at presentation, and tumor subtype
(Table 4). On univariable analysis, variables associated with a higher likelihood of breast
conservation were older age, lower T category at presentation, and HER2-positive and
triple-negative tumor subtypes.

On multivariable analysis, older age, lower tumor stage at presentation, and HER2- positive
and triple-negative tumor subtypes (P = 0.04) remained significant predictors of breast
conservation (Table 4).

Clinical breast tumor response to neoadjuvant chemotherapy

Clinical assessment of changes in tumor size in the breast between baseline and completion
of neoadjuvant chemotherapy showed that 166 patients (27.4%) had a complete response,
329 (54.2%) had a partial response, 79 (13.0%) had stable disease, and 33 (5.4%) had
disease progression. These clinical response rates appeared to be similar across all tumor
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subtypes (P = 0.42) (Table 2). Clinical tumor size after neoadjuvant chemotherapy was also
similar across all tumor subtypes (P = 0.12) (Table 2).

Pathologic breast tumor response to neoadjuvant chemotherapy

Overall, pathologic response rates in the breast were as follows: complete response, 33.8%;
partial response, 46.1%; stable disease, 13.9%; and disease progression, 6.2% (Table 2). The
breast pCR rates were significantly higher in patients with triple-negative tumors and HER2-
positive tumors (47.9% and 50.2%, respectively) than in patients with hormone-
receptorpositive, HER2-negative tumors (15.5%; P < 0.0001). Additionally, among patients
with residual disease, pathologic tumor size after neoadjuvant chemotherapy was larger in
patients with hormone-receptor-positive, HER2-negative disease than in patients with the
other tumor subtypes (P= 0.026).

Pathologic nodal response to neoadjuvant chemotherapy

All patients enrolled in ACOSOG Z1071 had biopsy-proven nodal disease at presentation;
94.8% of patients had clinical N1 and 5.2% of patients had clinical N2 disease. After
completion of neoadjuvant chemotherapy, the nodal pCR rate was 41.1% (Table 2). The
nodal pCR rate was significantly higher in patients with triple-negative and HER2-positive
disease (49.4% and 64.7%, respectively) than in those with hormone-receptor-positive,
HER2- negative disease (21.1%; P < 0.0001). Overall, the burden of disease in the nodes
after neoadjuvant chemotherapy was higher in patients with hormone-receptor-positive,
HER2-negative disease (Figure 2). Among patients with residual nodal disease, the mean
number of positive nodes was higher in patients with hormone-receptor-positive, HER2-
negative disease (5.0 nodes) than in those with triple-negative and HER2-positive disease
(3.5 nodes and 3.3 nodes, respectively; P = 0.001). Although the size of the largest residual
lymph node metastasis in patients with residual positive nodes differed across tumor
subgroups (Table 2), this difference did not achieve statistical significance (P = 0.06).

Rates of pCR in the breast and axilla

Overall, the rate of pCR in both the breast and axilla was 28%. The rate of pCR in the breast
and axilla was significantly higher in patients with triple-negative disease and HER2-
positive disease (38.2% and 45.4%, respectively) than in patients with hormone-
receptorpositive, HER2-negative disease (11.4%; P < 0.0001).

DISCUSSION

Determination and stratification of breast cancer by molecular subtypes has improved
understanding and treatment of the disease. The subtype influences the choice of
chemotherapeutic agent, response to chemotherapy and risk of recurrence. In this
retrospective review of data from a prospective multicenter study of 694 women treated with
neoadjuvant chemotherapy, we found that approximated tumor subtype was associated with
type of surgical procedure after neoadjuvant chemotherapy as well as with the pathologic
response in the breast and regional nodes. Specifically, patients with triple-negative or
HER2-positive breast cancer were more likely to undergo breast-conserving surgery and
more likely to achieve a pCR.
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The response rates to neoadjuvant chemotherapy in this study are in keeping with those in
prior studies, which have shown that pCR rates in the breast and lymph nodes are higher in
patients with triple-negative or HER2-positive disease. For triple-negative tumors, the
reported rates of pCR in the breast and axilla include 35.8% in the German Breast Group
pooled analysis, 35% in the ISPY1 trial, and 38% in a report from The University of Texas
MD Anderson Cancer Center, similar to the rate of 38% seen in this study. 15 24,25
Additionally, all patients on 21071 had node positive disease, whereas the other studies
mentioned had a mixture of clinically node negative and node positive disease at
presentation which accounts for some of the differences in pCR rates reported here.

The rate of pCR in the breast and axilla for patients with HER2-positive tumors in the
current study was 45%. This is similar to the 48.3% and 46.7% rates of breast and axillary
PCR seen in the ACOSOG 71041 study.26 For HER2-positive tumors, the German pooled
analysis reported pCR rates of 32% in luminal B/HER2-positive and 51% in non-luminal
HER2-positive disease treated with trastuzumab.1®> The ISPY1 investigators reported a pCR
rate of 54% in patients with HER2-positive disease; however, this was based on only 13
patients.24 The fact that not all patients with HER2-positive tumors in the Z1071 trial
received trastuzumab with their chemotherapy may account for some of the differences
between our study and prior studies regarding pCR rates in patients with HER2-positive
disease.

In the current study, we found a breast conservation rate of 43% in women with HER2-
positive breast cancer, which is higher than rates in the NOAH study, in which 23% of
patients with HER2-positive disease who were treated with neoadjuvant trastuzumab from
2002 to 2005 completed breast-conserving surgery, compared to 13% of those who did not
receive trastuzumab.2” Our rate of 43% is similar to the 38% rate of breast-conserving
surgery in HER2-positive patients in the 21041 trial, in which surgery type was also dictated
by surgeon and patient preference.26

We found that the pCR rate in patients with hormone-receptor-positive, HER2-negative
disease was only 11%, which is similar to the previously reported pCR rates of 9% in
ISPY124 and of 8.9% in luminal A and 15.4% in luminal B/HER2-negative disease in the
German studies. 15 In a series from MD Anderson Cancer Center, the pCR rate in patients
with hormonereceptor-positive, HER2-negative disease was only 9%. These patients had
excellent local recurrence-free survival regardless of tumor response to neoadjuvant
chemotherapy, reflecting the overall favorable biology of hormone-receptor-positive disease
and the effectiveness of endocrine therapy. 2° The German pooled analysis showed that pCR
correlates with survival in estrogen-receptor-negative, HER2-positive disease and triple-
negative disease but not in luminal tumors.1®> Although lower rates of pCR to neoadjuvant
chemotherapy in patients with hormonereceptor-positive, HER2-negative tumors have been
previously reported, the current study is one of the first to show lower rates of breast-
conserving surgery in these patients. The ACOSOG Z1031 trial prospectively evaluated
patients with estrogen-receptor-positive disease and demonstrated that neoadjuvant
endocrine therapy could decrease tumor size, such that 65% of patients thought to be
marginal candidates for breast conservation and 38% of patients though to be ineligible for
breast conservation were able to preserve their breast.28 For patients with luminal A tumors,
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neoadjuvant endocrine therapy may be more likely to provide reduction in tumor size and
successful breast conservation than is neoadjuvant chemotherapy.

Because our study was a retrospective analysis of data from a prospective clinical trial, we
do not know how many patients were not candidates for breast-conserving surgery at initial
presentation but were converted to breast conservation as a result of neoadjuvant
chemotherapy. However, in this study, 23% of women who presented with T3-T4 tumors
had breast conservation, and it is likely that neoadjuvant chemotherapy altered their surgical
options as it would be anticipated that most women with T3-T4 tumors (tumors larger than 5
cm) would require mastectomy. This is similar to the National Surgical Adjuvant Breast and
Bowel Project B-18 study in which for patients with tumors = 5cm lumpectomy was
proposed at presentation in 3%, but performed in 22% after neoadjuvant chemotherapy. 2°

Additionally, because of the retrospective nature of our study, we do not know how many
women were potential candidates for breast conservation after neoadjuvant chemotherapy
but elected mastectomy. However, 52% of patients with clinical TO-T1 disease at
presentation elected mastectomy after chemotherapy, and as rates of disease progression
were very low, this finding suggests that overall, significantly more women were candidates
for breast conservation than elected breast conservation.

Another limitation of our study is the use of approximated tumor subtype and inability to
separate the hormone-receptor-positive, HER2-negative tumors into luminal A and luminal
B as we did not perform gene profiling. Furthermore, because of the small sample size, we
did not separate the HER2-positive tumors by hormone receptor status.

This is one of a few studies to evaluate the impact of tumor subtype on surgical procedure.
This information is important when setting patient expectations at the initiation of
chemotherapy and can guide patient education as well as the selection of surgical procedure
after completion of chemotherapy. Our findings indicate that women with HER2-positive
disease or triple-negative disease have a high likelihood of pCR and are likely to
successfully complete breast-conserving surgery. However, women with hormone-receptor-
positive, HER2-negative disease are significantly less likely to achieve a pCR and in this
study had a higher rate of mastectomy. This may be explained by the higher proportion of
lobular tumors in the hormone receptor positive, HER2 negative group, as the lobular
tumors in this group had higher rates of second breast procedures compared with the ductal
tumors in the same subgroup.

The differences in breast surgery observed in this study reflect the surgical choice of patients
and their treating surgeons. Almost half the patients that achieved a pathological complete
response elected to undergo mastectomy. Perhaps this identifies an opportunity to improve
patient counselling and surgeon education regarding the option of breast conservation
surgery after neoadjuvant chemotherapy. Although pathologic complete response rates did
vary by tumor type, pCR is not a prerequisite for breast conservation and clinical tumor
sizes were not different across the approximated tumor type groups. We are not
recommending that patients with HR+Her2- disease are discouraged from breast
conservation when clinical response is appropriate for breast conservation.
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In addition to decreasing the size of the primary tumor, neoadjuvant chemotherapy is
effective in reducing the burden of disease in the regional lymph nodes. Our findings show
that the likelihood of conversion from node-positive to node-negative disease is higher in
women with HER2-positive or triple-negative breast cancer than in those with hormone-
receptorpositive, HER2-negative disease and that the overall residual nodal burden is higher
in hormonereceptor- positive, HER2-negative disease. Neoadjuvant chemotherapy provides
opportunities to minimize the extent of surgery both to the breast and the axilla. With
conversion of node-positive disease to node-negative, axillary staging with sentinel lymph
node surgery allows patients who have converted to node-negative to potentially avoid
axillary lymph node dissection.30

In conclusion, patients with triple-negative or HER2-positive breast cancer achieve the
highest rates of breast-conserving surgery and pCR after neoadjuvant chemotherapy (when
trastuzumab is included for HER2-positive tumors). Patients with these tumor subtypes are
more likely to be candidates for less invasive surgical approaches following neoadjuvant
chemotherapy.
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