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Abstract Patients who achieve a pathological complete

response (pCR) after neoadjuvant therapy, including

chemotherapy with or without trastuzumab (NAT) have

better outcomes than patients with residual disease. Despite

the excellent prognosis associated with achieving a pCR,

tumors still recur. The objective of this study was to

evaluate factors associated with tumor recurrence and

survival among patients achieving pCR after NAT. We

identified 749 patients with primary breast cancer who

achieved pCR after NAT between 1988 and 2009. pCR was

defined as no evidence of invasive cancer in the breast and

ipsilateral axillary lymph nodes on pathological evaluation.

The Kaplan–Meier product limit method and multivariate

Cox proportional hazards models were used to determine

the association between clinical and demographic factors

and outcomes. Median follow-up was 35 months (range,

1–258 months). Overall 5-year distant metastasis-free sur-

vival was 93 % (95 % confidence interval [CI], 90–95 %)

and 5-year overall survival (OS) was 96 % (95 % CI,

93–97 %). In the multivariable model, we observed that

patients[50 years had significantly decreased risk of dis-

tant metastasis (hazard ratio [HR] 0.47; 95 % CI,

0.22–0.98) and that patients with clinical stage at diagnosis

IIIB–C cancer had both an increased risk of distant

metastasis (HR 3.92; 95 % CI, 1.54–10.00) and lower OS

(HR 4.75; 95 % CI, 1.60–14.08). Patients with pCR after

NAT have excellent outcomes. However, our data show

that younger patient and those with clinical stage at diag-

nosis IIIB and IIIC cancers are at increased risk of devel-

oping distant metastasis.

Keywords Neoadjuvant therapy � Pathologic complete

response � Risk of recurrence � Breast cancer

Introduction

Neoadjuvant therapy (NAT) is used to treat patients with

locally advanced breast cancer, and large operable breast

cancer to reduce tumor size and improve the rate of breast-

conserving surgery [1–4]. Clinicians can also use NAT to

determine the efficacy of systemic treatment by monitoring

the in vivo response of the primary tumor, [5, 6]. The NAT

model is also used to accelerate the development and

approval of treatments for early breast cancer by allowing

rapid assessment of drug efficacy [7].

After NAT, the pathological evaluation of the residual

tumor provides important early prognostic information; it

has been shown that patients who achieve a pathological

complete response (pCR) at surgery have a survival

advantage [8–11]. pCR has been defined in different ways;

however, a recent pooled individual patient data analysis

established that eradication of invasive tumor from both the

breast and lymph nodes was associated with better disease-

free and overall survival (OS) compared with eradication

from the breast alone [9]. When the stricter definition of

pCR was applied in the pooled analysis trials, the average
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pCR rate decreased from 22 % ypT0/is (absence of inva-

sive cancer from breast alone) to 18 % ypT0/is ypN0

(absence of invasive cancer in the breast and axillary

lymph nodes) [9]. The study also re-enforced several ear-

lier studies showing that the relationship between tumor

pCR and long-term outcome was strongest among patients

with rapidly proliferating tumor subtypes such as human

epidermal growth factor receptor type 2 (HER2?) and

triple receptor-negative breast cancer.

Research to date has mainly identified factors related to

initial achievement of pCR. Little work has examined risk

factors associated with recurrence after pCR. Despite the

excellent prognosis associated with pCR, some patients

still develop recurrence. Previous studies have shown

5-year recurrence rates ranging from 13 to 25 % [9, 12–14]

in patients who achieve pCR. In this retrospective study of

749 patients treated with anthracycline with or without

taxane-based NAT, we sought to identify risk factors

associated with recurrence after pCR.

Methods

Patients with primary breast cancer who received NAT and

achieved pCR were retrospectively identified in the Breast

Cancer Management System database at The University of

Texas MD Anderson Cancer Center. We identified 824

patients who were treated with anthracycline with or

without taxane-based neoadjuvant chemotherapy from

February 1988 to December 2009. After we excluded

inflammatory breast cancer and patients treated with lap-

atinib-containing regimens, our final cohort included 749

patients.

Patient demographic characteristics, disease stage and

subtype, treatment, and outcomes (distant metastasis-free

survival [DMFS] and OS) were extracted from the database

and summarized using frequencies. Breast cancer subtypes

were defined as hormone receptor (HR)-positive ([10 %)

breast cancer (including estrogen receptor-positive and/or

progesterone receptor-positive); overexpression of HER2-

positive breast cancer (regardless of HR status); and triple

receptor-negative breast cancer (TNBC; estrogen receptor-

negative, progesterone receptor-negative, and HER2-neg-

ative). We defined pCR according to the criteria (ypT0/is

Table 1 Demographic and clinical characteristics of 749 breast

cancer patients who achieved pCR after NAT

N = 749 (%)

Age

B50 422 (56.3 %)

[50 327 (43.7 %)

Menopausal status

Pre- 362 (48.5 %)

Post- 384 (51.5 %)

Race

White 433 (57.8 %)

Black 121 (16.2 %)

Hispanic 139 (18.6 %)

Other 56 (7.5 %)

Clinical stage

I 33 (4.4 %)

IIA 296 (39.5 %)

IIB 174 (23.2 %)

IIIA 100 (13.4 %)

IIIB 47 (6.3 %)

IIIC 99 (13.2 %)

Grade

1,2 103 (14.3 %)

3 618 (85.7 %)

Lymphovascular invasion

Negative 650 (88.4 %)

Positive 85 (11.6 %)

Tumor subtype

Hormone receptor-positive 137 (20.7 %)

HER2-positive 294 (44.4 %)

Triple-negative 231 (34.9 %)

Lymph nodes resected

\10 281 (37.5 %)

C10 468 (62.5 %)

Surgery

Breast-conserving surgery 364 (48.7 %)

Mastectomy 383 (51.3 %)

Adjuvant radiation

No 192 (25.6 %)

Yes 557 (74.4 %)

Type of NAT

Anthracycline ? Taxane 392 (52.6 %)

Anthracycline or Taxane-based Anthracycline 121 (16.2 %)

Table 1 continued

N = 749 (%)

Trastuzumab-based 232 (31.1 %)

Unknown 4 (0.1 %)

pCR pathologic complete response; NAT Neoadjuvant therapy; HER2

human epidermal growth factor receptor
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ypN0) that Cortazar et al. found to be an adequate surro-

gate for outcome [9]. DMFS was measured from the date of

surgery to the first documented distant recurrence or last

follow-up. Patients who died before experiencing a distant

recurrence were considered censored at the date of death.

OS was measured from the date of surgery to the date of

death or last follow-up.

The Kaplan–Meier product limit method was used to

estimate DMFS and OS; groups were compared with the

log-rank test. Multivariate Cox proportional hazards

Table 2 Univariate analysis of association between clinical/demographic factors and 5-year DMFS and OS rates in 749 breast cancer patients

who achieved pCR after NAT

Distant metastasis-free Overall survival

N N Patients N Events 5-Year Estimate

(95 % CI)

P N Events 5-Year Estimates

(95 % CI)

All 749 44 0.93 (0.90, 0.95) 37 0.96 (0.93, 0.97)

Age

B50 422 32 0.91 (0.87, 0.94) 23 0.95 (0.92, 0.97)

[50 327 12 0.95 (0.91, 0.98) 0.05 14 0.96 (0.92, 0.98) 0.72

Clinical stage

I–IIA 329 16 0.96 (0.92, 0.98) 14 0.97 (0.94, 0.99)

IIB–IIIA 274 15 0.93 (0.87, 0.96) 11 0.97 (0.94, 0.99)

IIIB–IIIC 146 13 0.88 (0.79, 0.93) 0.012 12 0.88 (0.78, 0.93) 0.001

Histology

Ductal 682 36 0.93 (0.91, 0.95) 30 0.95 (0.93, 0.97)

Other 67 8 0.91 (0.77, 0.97) 0.10 7 0.97 (0.87, 0.99) 0.16

Grade

1/2 103 8 0.90 (0.79, 0.95) 5 0.95 (0.85, 0.98)

3 618 33 0.94 (0.91, 0.96) 0.18 28 0.96 (0.93, 0.97) 0.51

Lymphovascular invasion

Negative 650 38 0.93 (0.90, 0.95) 32 0.95 (0.92, 0.97)

Positive 85 4 0.95 (0.85, 0.98) 0.42 3 0.98 (0.89, 1.00) 0.30

Tumor subtype

HR-positive 137 5 0.93 (0.83, 0.97) 4 0.98 (0.92, 1.00)

HER2-positive 294 18 0.91 (0.86, 0.95) 12 0.94 (0.9, 0.97)

Triple-negative 231 13 0.93 (0.87, 0.96) 0.48 10 0.95 (0.9, 0.97) 0.67

Lymph nodes resected

\10 281 14 0.93 (0.87, 0.96) 11 0.97 (0.93, 0.99)

C10 468 30 0.93 (0.90, 0.96) 0.79 26 0.95 (0.92, 0.97) 0.96

Adjuvant radiation

No 192 12 0.95 (0.89, 0.97) 10 0.98 (0.93, 0.99)

Yes 557 32 0.93 (0.89, 0.95) 0.74 27 0.95 (0.92, 0.97) 0.98

Type of NAT

AN ? TX 392 17 0.94 (0.91, 0.97) 19 0.95 (0.91, 0.97)

AN or TX 121 15 0.92 (0.85, 0.96) 13 0.97 (0.91, 0.99)

Trastuzumab 232 11 0.92 (0.85, 0.96) 0.26 4 0.97 (0.91, 0.99) 0.71

HR hormone receptor; TN triple-negative; AN anthracycline; TX taxane
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models were used to identify the predictive factors asso-

ciated with outcome. Results were expressed in hazard

ratios (HR) and 95 % confidence intervals (CI). Factors

that were significantly associated with outcomes (univari-

ate P B 0.05) were considered in the multivariate models.

In addition, adjustment was made for factors that may have

lacked statistical significance but have clinical relevance.

The final variables in the model included age ([50

vs. B50), clinical stage (I–IIA, IIB–IIIA, and IIIB–C),

tumor subtype (HR-positive, HER2-positive, and TNBC),

number of lymph nodes resected (C10 vs. \10), and

adjuvant radiation therapy. P values less than 0.05 were

Fig. 1 a Kaplan–Meier curve

showing DMFS according to

age. b Kaplan–Meier curve

showing DMFS according to

stage
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considered statistically significant, and all tests were

2-sided. Statistical analyses were carried out using SAS 9.1

(SAS Institute Inc., Cary, NC), S-Plus 7.0 (Insightful

Corporation, Seattle, WA), and R 2.9.0.

Results

The demographic and clinical characteristics of the 749

patients included in our analysis are summarized in

Table 1. The median age was 49 years (range,

21–81 years). 20.7 % of patients had HR-positive tumors,

44.4 % had HER2-positive, and 34.9 % had TNBC. At a

median follow-up of 35 months (range, 1–258 months),

5.9 % (n = 44) patients developed distant metastasis and

4.9 % (n = 37) died. Univariate associations between

survival outcomes and patient and clinical characteristics

are shown in Table 2. The 5-year DMFS rate was 93 %

(95 % CI, 90–95 %) and the 5-year OS rate 96 % (95 %

CI, 93–97 %) (Table 2). Younger age (B50) was associ-

ated with significantly worse DMFS (P = 0.05), and

patients with clinical stage IIIB–C disease had the worst

DMFS (P = 0.01) (Fig. 1a, b). Neither tumor subtype nor

type of NAT regimen used showed any significant effect on

outcome.

Multivariate Cox proportional hazards models showed

that, compared to patients who were 50 years old or

younger, patients who were older than 50 years had a less

risk of developing distant metastasis (HR 0.47; 95 % CI,

0.22–0.98) (Table 3). However, age had no statistically

significant impact on OS (HR 0.68; 95 % CI, 0.30–1.54).

Compared to patients with stage I–IIA tumors, patients

with stage IIIB–C breast cancer had both an increased risk

of developing distant metastasis (HR 3.92; 95 % CI,

1.54–10.00) and increased risk of death (HR 4.75; 95 % CI,

1.60–14.08). Tumor subtype, number of lymph nodes

resected, and adjuvant radiation showed no statistical sig-

nificance as markers for recurrence and OS.

Discussion

Several studies have established that achievement of a pCR

after NAT is a surrogate marker associated with favorable

outcomes in patients with breast cancer [9, 15–18]. Such

studies have evaluated the factors associated with

achievement of pCR, including HR status, tumor size,

histology, intrinsic subtype, and grade [19–22]. However,

only a handful of studies have evaluated factors associated

with risk of recurrence after pCR. In our large, single-

institution, retrospective analysis, we observed a much

lower rate of recurrence (7 %) than what has been previ-

ously reported (10–25 %) [13, 14, 23, 24]. This is likely

due to improvement associated with the chemotherapy

regimens used, particularly those targeted against HER2-

positive tumors [25]. It is possible that our high pCR rates

are influenced by the highly selective nature of our patient

population since a large proportion of the population

included TNBC and HER2-positive tumors. This phe-

nomenon likely speaks of our ability to select patients most

likely to respond to NAT but we cannot rule out some

potential distortion of the outcomes. Despite the excellent

outcomes associated with achieving a pCR, younger

patients and those with locally advanced stage IIIB and

IIIC cancer are at increased risk of developing distant

metastasis after pCR.

Recent studies have differed on the factors contributing

to the risk of distant metastasis after pCR. A previous study

of 226 patients by our group found that stage IIIB–C and

inflammatory breast cancer, premenopausal status (a vari-

able closely related to age), and resection of fewer than 10

lymph nodes were associated with an increased risk of

developing distant metastasis [24]. Our study also found

that more advanced disease stage (IIIB–C) and younger age

(B50 years) were predictors of recurrence; however, nei-

ther the number of lymph nodes resected nor clinically

relevant variables like HR or HER2 status showed any

prognostic significance in patients who had achieved a

Table 3 Multivariate Cox

proportional hazard model of

factors associated with DMFS

and OS among 749 breast

cancer patients who achieved

pCR after NAT

Distant metastasis-free survival Overall survival

HR 95 % CI HR 95 % CI

Age:[ 50 vs. B 50 0.47 0.22–0.98 0.68 0.30–1.54

Stage: IIB–IIIA vs. I–IIA 1.28 0.52–3.15 1.13 0.39–3.27

Stage: IIIB–C vs. I–IIA 3.92 1.54–10.00 4.75 1.60–14.08

Subtype: HER2 ? vs. HmR? 1.84 0.68–4.97 1.55 0.49–4.84

Subtype: TN vs. HmR? 1.76 0.62–4.98 1.72 0.54–5.55

Lymph nodes resected: C10 vs.\10 0.86 0.40–1.86 0.79 0.31–1.99

Adjuvant radiation: yes vs. no 0.61 0.26–1.41 0.71 0.26–1.93

HR hazard ratio; CI confidence interval; HER2 human epidermal growth factor type 2; HR hormone

receptor, TN triple-negative
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pCR. In a similar study of 8 patients who achieved a pCR

after NAT, Tanioka et al. identified HER2-positive status

and axillary metastasis as predictors of recurrence [23].

These findings contrast with ours since neither of the latter

found HER2 status to be a predictor of recurrence after

pCR.

One possible explanation for these differences is that in

the study by Tanioka et al. 37 % of patients with HER2-

positive disease did not receive trastuzumab and thus did

not benefit from anti-HER2 therapy [25]. In our study, 294

patients had HER2-positive tumors, of whom 232 received

trastuzumab. Of these, only 11 had distant metastases and 4

died. Our contemporary series of patients therefore reflects

the use of anti-HER2 therapies as part of the standard of

care. Research on the links between tumor subtype and

recurrence after pCR has, likewise, produced mixed con-

clusions. In a retrospective study of 1731 patients, Guarneri

et al. observed that HR status had a significant effect on

achievement of pCR; however, among their 225 patients

with pCR, HR status was not associated with differential

outcomes [26, 27]. Our observations are consistent with

this study, since we found no association between HR

status and DMFS or OS. Other studies have suggested that

the relationship between pCR and outcome does differ

according to breast cancer subtypes. These studies have

found that pCR appears to be a valid and strong surrogate

for long-term survival, mainly in patients with HER2-

positive cancer and TNBC. In the German pooled analysis

[15, 16] and in the more recent and largest to date

CTNeoBC pooled analysis [9], the strongest association

between pCR and long-term outcome was observed among

patients with aggressive breast cancer subtypes (TNBC,

high-grade and HER2-positive tumors). We found no dif-

ference in DMFS or OS based on HR status or HER2 status

in patients who achieved pCR, suggesting that patients who

have no evidence of invasive cancer in the breast and

lymph nodes after NAT have an excellent prognosis,

regardless of tumor subtype. It is possible, however, that

difference in findings could be due to sample size or with

longer follow-up, differences will be observed.

Given the retrospective nature of our study design,

residual confounding cannot be completely excluded, but

we minimized this risk by adjusting for clinically relevant

covariates. Despite this limitation, we report on a large

series of patients treated with contemporary NAT regi-

mens. Our results highlight the importance of volume of

disease in anticipating long-term outcomes. This finding is

partly consistent with previous studies in which advanced

stage/clinical tumor size was associated with higher risk of

distant metastasis [14, 24, 28, 29]. Similarly, pre-

menopausal status has also previously been associated with

poorer prognosis, but our study is unique in its specific

finding that age 50 years or younger is a predictor of

distant metastasis among patients achieving a pCR. These

findings may have implications in the design of contem-

porary trials testing novel agents in the post-neoadjuvant

setting in higher risk patients with residual disease. Inclu-

sion of younger patients and those with clinical Stage IIIB–

C regardless of pCR status might be warranted.

In conclusion, patients who achieve pCR after NAT

have an excellent long-term clinical outcome, DMFS, and

OS, in all subgroups. However, we observed that among

patients who achieved a pCR after NAT, those younger

than age 50 and those with stage IIIB–C disease have a

higher risk of developing distant metastasis.
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