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Abstract
Background—To determine outcomes in breast cancer patients treated with neoadjuvant
chemotherapy.

Methods—72 consecutive patients receiving neoadjuvant chemotherapy for breast cancer were
enrolled.

Results—Mastectomy was avoided in 46% of patients and 42% converted to negative nodes
after neoadjuvant chemotherapy. Thirteen patients (18%) achieved a pathologic complete response
(pCR), which was associated with the ER−/Her2− subtype (58%), and was significantly less likely
to occur in the ER+/Her2− subtype (2%), p<0.01. Patients with ER+/Her2+ subtype were most
likely to have no response or progression (NR/P) during chemotherapy compared to ER−/Her2−
subtype (50% vs 0%, p=0.01). The five-year survival for patients achieving a pCR was 100%
compared to 74% in the partial response group and 48% in the NR/P group (p=0.01).

Conclusions—Neoadjuvant chemotherapy for patients with advanced breast cancer provided
prognostic information, allowed evaluation of response to chemotherapy, decreased mastectomy
rate and potentially reduced the need for axillary node dissection.
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INTRODUCTION
Breast cancer remains the most common cancer that affects women, with an estimated
230,480 new diagnoses in the United States in 2011. Despite the evolution of treatment,
breast cancer persists as the second most common cause of cancer death in women 1.
Treatment modalities for breast cancer have evolved significantly over the past 25 years.
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Historically, neoadjuvant chemotherapy was utilized only in patients with inoperable
disease. However, since 1995, studies have shown that neoadjuvant chemotherapy is also
beneficial in those with operable breast cancer. 2–5 There is the potential for neoadjuvant
chemotherapy to downstage disease allowing for breast conserving treatment (BCT) in
patients who otherwise might require a mastectomy. 6–8 Meta-analysis of trials looking at
the accuracy of sentinel lymph node biopsy (SLNB) in clinically node negative patients after
neoadjuvant chemotherapy has found that SLNB can be performed in this patient population
and predicts axillary disease with similar accuracy to patients with early stage breast cancer
who did not receive neoadjuvant chemotherapy9. Therefore, patients with clinically node
positive disease who have a good clinical response to neoadjuvant therapy and convert to
clinically node negative disease, with a negative SLNB may be able to avoid axillary node
dissection.

Receptor status [estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor (HER2)] has led to the classification of subtypes of breast cancer. Each
subtype represents a different tumor biology with distinct behavior, response to treatment
and recurrence and survival patterns. 10–12 Her2 overexpressing tumors have been shown to
have a high rate of pathologic complete response (pCR) when treated with neoadjuvant
chemotherapy including trastuzumab13. Despite lower rates of pCR, patients with ER
expressing breast cancers have been shown in a large series to have an improved five-year
survival over other subtypes14.

Neoadjuvant chemotherapy is currently regarded as equivalent to adjuvant chemotherapy for
advanced breast cancer in terms of overall and disease free survival. Theoretical advantages
of neoadjuvant chemotherapy include an identifiable tumor to measure effectiveness of a
therapeutic regimen and decreasing disease burden to allow less extensive surgery. Previous
studies have investigated the response of advanced breast cancers to neoadjuvant
chemotherapy. Improved survival has been noted in patients achieving pathologic complete
response (pCR) and increased rates of locoregional recurrence have been observed in
patients with triple negative breast cancer 11,15. However, less is understood about how each
subtype responds distinctly to neoadjuvant chemotherapy, and for which, if any, subtype
there is a differential benefit to neoadjuvant chemotherapy. The goal of this study was to
determine the outcomes for patients with advanced breast cancer treated with neoadjuvant
chemotherapy at a single institution. We analyzed, by stage and subtype, rates of conversion
to BCT, nodal clearance, pCR, and recurrence and death to better understand the role of
neoadjuvant chemotherapy for each tumor subtype.

METHODS
Patients

Following institutional review board approval, retrospective chart review was performed on
all patients who received neoadjuvant chemotherapy followed by surgical resection for
primary breast cancer at the University of Iowa Holden Comprehensive Cancer Center from
June 2005 to March 2011. Patients were categorized according to the sixth edition of the
AJCC staging manual and patients with stage II and stage III disease were enrolled. Patients
with stage IV disease and inflammatory cancer were excluded because they could not be
evaluated for conversion to breast conserving treatment and recurrence. Chemotherapy
regimen was determined by the treating medical oncologist in collaboration with the
institutional tumor board and was based on clinical trials and national standards at the time
of treatment. The majority of patients were initially started on combination therapy with
adriamycin, cyclophosphamide, and paclitaxel. Patients received adjuvant endocrine therapy
and trastuzumab according to institutional standards and receptor status.
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Subtype was stratified according to receptor status on immunohistochemistry with relation
to estrogen receptor (ER) and Her2 overexpression, which was confirmed with a fluorescent
in situ hybridization (FISH) score of greater than or equal to 2+. Staining for progesterone
receptor (PR) was also performed on all patients but not used for stratification in this study.
Conversion to breast conserving therapy was defined as patients that were not eligible for
breast conserving treatment at their initial visit and who were clinically determined to
require a mastectomy, who following neoadjuvant chemotherapy did undergo a breast
conserving operation. Nodal clearance was defined as patients with clinically node positive
disease (90% proven on cytology), who were subsequently found to have no nodal disease
on surgical resection. Patient responsiveness to chemotherapy was categorized as no
response or progression (NR/P), partial response, or pathologic complete response (pCR).
NR/P was defined by lack of clinical response or progression during the primary
chemotherapy treatment resulting in a change in planned chemotherapy regimen at the
discretion of the treating medical oncologist. A pCR was defined as no evidence of
malignant disease, including DCIS, in the primary tumor site or lymph nodes at surgical
excision. All patients not having NR/P or pCR as above were defined as having a partial
response. RECIST criteria were not used to monitor response in this study because our
patients are not routinely imaged before and after neoadjuvant chemotherapy. Recurrence
was defined by evidence of local, regional, or distant disease not present in the immediate
post-operative period, while death was defined as patient death over the study period.

Statistical Analysis
Univariate analysis was performed with Student T test with continuous variables and
frequency association with categorical variables. Chi square test and Fisher’s exact test were
performed for all frequency association analysis. P values from Chi square test were used
when the results were consistent and there was no concern over continuity correction.
Otherwise p values from Fisher’s exact test were used. We used Cox regression models
consistently to evaluate survival when the proportional hazard model assumptions were met.
Stata 11.2 (StataCorp College Station, Texas) was used for all analyses. Significance was
defined as p < 0.05.

RESULTS
Seventy-two patients were treated with neoadjuvant chemotherapy followed by surgical
resection for stage II or III breast cancer at the University of Iowa Holden Comprehensive
Cancer Center from June 2005 to March 2011. The mean age was 49 years (range 28 – 72).
The mean length of follow up was 33 months. Patients enrolled by subtype were ER+/Her2−
39 (54%), ER+/Her2+ 4 (6%), ER−/Her2+ 10 (14%), ER−/Her2− 19 (26%), table 1. Clinical
stage at diagnosis was stage II, 33 patients (46%) and stage III, 39 patients (54%).

Conversion to Breast Conserving Treatment
Of the 72 patients enrolled, 5 were eligible for BCT prior to neoadjuvant chemotherapy. All
five of these patients underwent BCT and were not included in the conversion to BCT
analysis. Thirty-one of the remaining 67 patients (46%) were able to undergo BCT
following neoadjuvant chemotherapy. The association between conversion to BCT and
subtype is listed in table 1. Conversion to BCT was more common in patients with stage II
disease (53%) compared to stage III (41%) without statistical significance. The most likely
subtype to convert to BCT was ER+/Her2− (53%) but the association between subtype and
conversion to BCT did not approach statistical significance.
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Nodal Clearance
Of the 72 enrolled patients, 57 (79%) were staged at the time of presentation as having
clinically positive axillary nodes with 52 (91%) of these having cytologic confirmation of
nodal metastasis by fine needle aspiration biopsy (FNAB). Of the 57 patients with nodal
involvement at presentation, 24 (42%) had negative axillary nodes on surgical resection (9
had a negative SLNB and 15 had ALND with no nodal metastasis identified) after
neoadjuvant chemotherapy. There were no instances of axillary recurrence among the
patients who converted from a positive to a negative axilla over the study period either in the
SLNB or ALND groups. There were 15 patients who presented with clinically negative
nodes prior to chemotherapy. All of these 15 patients underwent SLNB after neoadjuvant
chemotherapy and no patient had evidence of nodal metastasis and no instance of nodal
recurrence over the study period. The most likely subtypes to convert to negative nodal
status after neoadjuvant chemotherapy were ER−/Her2+ (71%) and ER−/Her2− (56%), with
the ER+/Her2− (29%) and ER+/Her2+ (33%) groups tending to be less likely to have
axillary nodal downstaging, p=0.09. There was a trend toward patients with stage II disease
to convert to negative nodal status (56%) compared to stage III (31%), p=0.06.

Clinical and Pathologic Response
Response to neoadjuvant chemotherapy was stratified into three categories; no response or
progression (NR/P), partial response, and pathologic complete response (pCR). Ten of the
72 patients (14%) enrolled had NR/P to their initial chemotherapy regimen and were
switched to a different neoadjuvant treatment at the discretion of the treating medical
oncologist. Patients with the ER+/Her2+ subtype were most likely to have NR/P on
chemotherapy (50%), while the ER−/Her2− subtype was least likely to have NR/P (0%),
p=0.01. There was no difference between stage II (12%) and stage III (15%) in rate of NR/P.
Thirteen patients (18%) achieved a pCR following neoadjuvant chemotherapy. A pCR was
associated with the ER−/Her2− subtype (58%) and was less likely to occur in patients with
the ER+/Her2+ (0%) and ER+/Her2− (3%) subtypes (p<0.001). There was a trend for
patients with stage II disease to have a pCR (24%) compared to stage III (13%), but without
statistical significance.

Recurrence and Death
During the study period, 15 of the 72 patients (21%) had a recurrence (two local both
following mastectomy, one in the axilla following ALND, and 12 distant). The patient with
recurrent axillary disease was staged as positive clinically and pathologically following
ALND, and no patient that underwent SLNB without ALND had axillary recurrence over
the study period. Patients with the ER+/Her2+ subtype (50%) were most likely to have
recurrence but without significance. Additionally, patients with stage II vs. stage III disease
at presentation were less likely to have a recurrence (15% vs 26%) without significance.
There were 8 deaths (11%) during the study period. There was a trend between death and the
ER−/Her2+ subtype compared to the other subtypes (30%, p=0.06). There was a reduction
in the incidence of death in patients with stage II disease compared to stage III (3% vs 18%,
p=0.06) over the study period. No patient who achieved a pCR had a recurrence compared to
patients with a partial response (20%) or NR/P (50%), p=0.01. Additionally, there were no
deaths recorded in patients achieving a pCR compared to partial response (10%) and NR/P
(30%), p=0.04, table 2. Five-year disease free and overall survival was 100% in the pCR
group compared to 74% in the partial response and 48% in the poor response groups, figures
1 and 2.
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DISCUSSION
This study was designed to assess the response of patients with breast cancer that were
treated with neoadjuvant chemotherapy at a single institution. Over the study period
neoadjuvant chemotherapy increased eligibility for BCT in 46% of patients, down-staged
the axilla in 42%, and provided important prognostic information about recurrence and death
risk based on the observed clinical and pathologic response.

As has been previously reported, patients in this study that had a clinical or pathologic
response to neoadjuvant chemotherapy had lower rates of recurrence and death over our
study period 111516. Our results from a smaller volume institution corroborate that patients
with a pCR after neoadjuvant chemotherapy defined patients with improved five year
disease free and overall survival. In addition, the ER−/Her2− or triple negative subtype was
significantly associated with pCR, demonstrating a more pronounced response to
neoadjuvant chemotherapy compared to other subtypes. These findings are in accordance
with a large study that also demonstrated improved locoregional recurrence for triple
negative breast cancers following neoadjuvant chemotherapy 11. Although five-year survival
remains worse in patients with triple negative breast cancer, the data suggest that when
given neoadjuvant chemotherapy, a subgroup of patients with this biologic subtype may be
more likely to avoid aggressive surgical treatment than those of other subtypes.
Furthermore, pCR achieved with neoadjuvant chemotherapy may help define a subtype of
triple negative breast cancer patients with an improved predicted outcome.

The current study offers several new findings that relate to conversion to BCT and the
possibility to downstage axillary disease with the potential of avoiding ALND. Conversion
of patients from mastectomy to BCT is an important outcome as it decreases operative
extent, reduces the morbidity associated with mastectomy, and reduces the need for
extensive breast reconstruction. Mastectomy has a complication rate ranging from 14%–
64% which can be significantly lowered with lumpectomy.17,18 In this cohort, patients that
were identified for treatment at stage II were the most likely to become eligible for BCT. A
recent study has shown improved clinical outcomes for patients with triple negative breast
cancer who undergo lumpectomy instead of mastectomy 16. In our series we did not see a
statistical difference for conversion to BCT based on subtype.

Nodal status is an important marker for treatment planning and patient counseling. Recent
studies in stage I/II breast cancer patients treated with BCT that included sentinel lymph
node biopsy (SLNB) have indicated that there is no survival benefit in clinically node
negative patients to performing an axillary node dissection (ALND) after SLNB, even in the
presence of positive axillary nodes 19. Previous studies have found no difference in the false
negative rates of SLNB between patients treated with neoadjuvant compared to patients not
receiving chemotherapy20–23. Further study is still needed in this population to demonstrate
the effect on regional recurrence and survival of not performing ALND in this population.
We found that 24 of the 57 (42%) patients that were staged with positive nodes prior to
chemotherapy had negative nodal pathology on resection. In our study, the mean follow up
of 33 months should have been a sufficient time interval for regional recurrence to present.
One patient did present with axillary recurrence, but this patient underwent ALND at her
initial operation. The data from this study suggest that patients whose axillary status is
clinically down-staged by neoadjuvant chemotherapy may be able to avoid ALND and thus
be managed in a fashion that is similar to patient who present with clinically node-negative
disease. Conversion from positive to negative nodal status after neoadjuvant chemotherapy
indicates the effectiveness of neoadjuvant chemotherapy in a high percentage of patients by
reducing disease burden regionally. In some patients, metastases have distinct expression
profiles and may demonstrate different sensitivity to chemotherapy compared to the primary
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tumor. However, effectiveness against local disease still provides some indication of distant
efficacy. In patients with a clinically positive axilla who convert to a clinically negative
axilla after neoadjuvant chemotherapy, further study could suggest that mandatory ALND
may not be necessary in these patients. Avoiding an ALND and its additional cost as well as
potential adverse sequelae in patients who present with a clinically positive axilla may be an
additional benefit of neoadjuvant chemotherapy.

Administering chemotherapy when there is an observable tumor allows for evaluation of
response to the regimen. This provides an opportunity to change the regimen to a potentially
more effective treatment if there is a lack of tumor response or progression. An example in
our series illustrates the benefit from this approach: a 48 year old woman presented with a
T3, N1, M0 (IIIA) triple negative infiltrating ductal carcinoma. As she desired breast
conservation, she was started on neoadjuvant chemotherapy with docetaxel. Following two
cycles of treatment she was noted to have clinical progression of the primary tumor and
increased fullness in the axilla. Her chemotherapy was changed to adriamycin and
cyclophosphamide with bevacizumab, to which she had a clinical response. She underwent
BCT with final pathology showing no invasive disease in the breast and only 1 of 17 lymph
nodes positive. She is currently 32 months from her initial presentation without evidence of
disease. Neoadjuvant chemotherapy provided an opportunity to assess the effectiveness of
the initial chemotherapy regimen in this patient, and subsequently change therapy, which
had a positive effect on her disease. Had she undergone mastectomy followed by adjuvant
chemotherapy there would have been no opportunity to assess for progression, she would
not have benefited from the different chemotherapeutic regimen and she would have had a
more extensive operation.

In summary, neoadjuvant chemotherapy increases eligibility for BCT by 46% in patients
with advanced breast cancer, improving morbidity and cosmesis. Neoadjuvant
chemotherapy is also effective in reducing burden of disease in the axilla and could
potentially decrease the extent of axillary surgery in a significant percentage of patients who
present with clinically node positive disease. These results are in agreement with results
from larger centers demonstrating similar effectiveness of neoadjuvant chemotherapy in a
lower volume institution. Treating patients with advanced breast cancer with neoadjuvant
chemotherapy provides an opportunity to assess responsiveness to a regimen on a patient by
patient basis, and provides prognostic information based on clinical and pathologic
responsiveness. Neoadjuvant chemotherapy should be considered for patients with stage II
and higher breast cancer, and especially the triple negative subtype, to increase eligibility for
BCT, decrease need for ALND, decrease tumor burden, and to assess tumor responsiveness
to treatment.
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SUMMARY

Neoadjuvant chemotherapy successfully down-staged breast cancer patients thereby
reducing the need for mastectomy and potentially eliminating the need for axillary node
dissection in selected patients. Response to neoadjuvant chemotherapy predicted disease-
free and overall five-year survival. The triple negative subtype demonstrated an increased
rate of pathologic and clinical response to neoadjuvant chemotherapy compared to other
subtypes and demonstrated the greatest benefit of neoadjuvant treatment.
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Figure 1. Kaplan-Meier plot demonstrating disease free survival as a function of response to
chemotherapy
Achieving a pCR was predictive of a 100% 5 year disease free survival compared to 74%
for patients with a partial response and 48% for patients with no response or progression on
neoadjuvant chemotherapy, p=0.01.
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Figure 2. Kaplan-Meier plot demonstrating overall survival as a function of response to
chemotherapy
Achieving a pCR was predictive of a 100% 5 year survival compared to 74% for patients
with a partial response and 48% for patients with no response or progression on neoadjuvant
chemotherapy, p=0.04.
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Table 2

Recurrence and death as a function of response to neoadjuvant chemotherapy

pCR Partial Response No Response or Progression P value

Patients 13 (18%) 49 (68%) 10 (14%)

Recurrence 0 (0%) 10 (20%) 5 (50%) 0.012

 Disease Free Survival

0.010  3-year 100% 74% 48%

  5-year 100% 74% 48%

Death 0 (0%) 5 (10%) 3 (30%) 0.078

 Overall Survival

0.040  3-year 100% 74% 48%

  5-year 100% 74% 48%

Significance calculations were performed with the Cox regression model and represent a comparison between all three groups.
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