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Abstract Oestrogen receptor (ER) negative breast cancers

are more likely to achieve a pathological complete response

(pCR) to neoadjuvant chemotherapy compared to those with

ER positive tumours. ER positive tumours exhibit low pro-

liferation and ER negative cancers high proliferation. The

aim of this study was to determine to what extent the better

response of ER negative cancers correlates with prolifera-

tion rate. A retrospective analysis of a prospectively

maintained database identified 175 neoadjuvant chemo-

therapy patients with tissue available for Ki67 analysis.

On univariate analysis, pre-therapy Ki67 (P = 0.04), ER

status (P = 0.002), HER2 status (P = 0.004) and grade

(P = 0.0009) were associated with a pCR. In a multivariate

model, HER2 was the only significant predictor of pCR. No

significant relationship between pre-therapy Ki67 and

relapse-free and overall survival was demonstrated. Ki67 is

not an independent predictor of clinical CR or pCR. Aspects

of ER status beyond its inverse relationship with prolifera-

tion may contribute to its predictive value for pCR.

Keywords Breast cancer � Neoadjuvant chemotherapy �
Proliferation � ER � Pathological complete response

Introduction

The administration of neoadjuvant chemotherapy is well

established in the treatment of large potentially operable and

locally advanced breast cancer [1]. Large randomised trials

have demonstrated no significant difference in survival

between patients treated with adjuvant and neoadjuvant

chemotherapy [1]. Albeit, not perfect, pathological com-

plete response (pCR), following neoadjuvant chemotherapy,

has been shown to be a good surrogate marker for overall

survival. In fact women achieving a pCR following neoad-

juvant therapy have significantly better survival compared to

those with residual carcinoma [1].

There is evidence to suggest that ER negative tumours

are more likely to achieve a pCR following neoadjuvant

chemotherapy compared to ER positive cancers [2–4]. An

inverse relationship exists between ER expression and

proliferation as assessed by various methods including the

MIB-1 antibody against Ki67 [2, 3, 5], with ER positive

cancers showing low proliferation rates, whereas ER neg-

ative breast cancers show high proliferation rates. Most

investigators have confirmed that high proliferation is

associated with a better short-term response to neoadjuvant

chemotherapy [5–7]. However, previous studies of women

treated with or without adjuvant chemotherapy have dem-

onstrated that patients with high proliferation have a poor

long-term outcome [6]. In fact, despite having a poorer

prognosis, patients with triple negative (ER, PgR and

HER2 negative) cancers have the highest prevalence of

pCR following neoadjuvant chemotherapy [8].

This study aimed to determine to what extent the better

response rate of ER negative tumours to neoadjuvant

chemotherapy is potentially explained by their high pro-

liferation. This would be clinically significant because the

inverse relationship between ER and proliferation is not
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absolute: if the determinant of response was proliferation

and not ER, proliferation rather than ER should be mea-

sured and used for prediction of response to neoadjuvant

chemotherapy. The second aim was to determine the

influence of pre-chemotherapy proliferation on long-term

outcome in a cohort of breast cancer patients treated with

neoadjuvant chemotherapy.

Patients and methods

Clinical methodology

A retrospective analysis of a prospectively maintained

clinical database was performed to identify patients treated

with neoadjuvant chemotherapy for operable or locally

advanced breast cancer between 1985 and 2005. In order to

address the first aim of the study, patients treated with

neoadjuvant chemotherapy alone (i.e. those treated with no

endocrine therapy for the neoadjuvant period with ER

positive tumours) were selected. Patients with ER negative

tumours treated with concurrent neoadjuvant tamoxifen

were included in this study, as tamoxifen has minimal

activity in such cases. Neoadjuvant chemotherapy

regimens included: (1) anthracycline-based schedules

comprising doxorubicin 60 mg/m2 or epirubicin 60 mg/m2

once every 3 weeks often within the context of clinical

trials; (2) CMF (cyclophosphamide 100 mg orally days

1–14, methotrexate 30 mg/m2 days 1 and 8, and 5-fluoro-

uracil 1 g/m2 days 1 and 8); and occasionally (3)

mitoxantrone containing regimens (up to 11 mg/m2).

Treatment was usually given to a total of 6 courses, and

occasionally to eight in specific trials. Sixty-two of the

patients selected were also included in another study

assessing the prognostic value of pre- and post-neoadjuvant

chemotherapy Ki67 [9].

The association between pathological and clinical

response with the following pre-neoadjuvant chemotherapy

factors was assessed; age, menstrual status, clinical T and

N stage, initial operability (i.e. operable or locally

advanced), Ki67, ER, PgR, HER2, grade, histological type

(invasive ductal and lobular), treatment with an anthracy-

cline-based regimen or not and dual ER and HER2

negative phenotype.

The influence of the following factors with relapse-free

(RFS) and overall (OS) survival was investigated:

1. Pre-therapy: age, menstrual status, clinical T and N

stage, initial operability, Ki67, ER, PgR, HER2, grade,

histological type and dual negative phenotype.

2. Others: treatment with an anthracycline-based regimen,

clinical response, the attainment of a pCR, type of

surgery performed, adjuvant endocrine or chemotherapy.

Clinical response was assessed according to World

Health Organisation criteria, following each cycle of

chemotherapy by measuring the two largest diameters of

the tumour [10]. Those with no residual invasive or in

situ disease were classified as having achieved a pCR

[10].

Surgical and post-operative management followed

standard institutional guidelines as described elsewhere

[10]. Prior to 1995, women achieving a clinical CR to

neoadjuvant chemotherapy were frequently offered the

option of radiotherapy without surgery. This approach was

discontinued following a retrospective analysis of these

patients, which demonstrated a high local recurrence rate

[11].

Tissue acquisition

Tissue was acquired using standard techniques [9]. Hae-

matoxylin and eosin staining was performed to obtain the

histological type and where possible the histological grade

as part of routine clinical management [12].

Immunohistochemistry

A standard procedure for Ki67 staining was followed [9],

4 lm sections were dewaxed in xylene and then hydrated

by means of a series of graded ethanol baths and rinsed in

water. Endogenous peroxidase activity was blocked. By

microwaving at full power (750 W) in citrate buffer pH 6.0

for 10 min antigen retrieval was performed. MIB-1 pri-

mary antibody (Dako, Denmark) was used at a dilution of

1:50, and incubated for an hour at room temperature. All

washes and dilutions were performed with phosphate-buf-

fered saline (PBS). Biotinyalated rabbit anti-mouse

immunoglobulin was applied and subsequently avidin-

biotin complex (ABC; Dako). Diaminobenzene (DAB;

Sigma, USA) was applied to develop peroxidase activity

and counterstaining performed with haematoxylin. The

observer (blinded to patient outcome) examined stained

sections using a standard light microscope 409 objective

using a 10 9 10 eye-piece graticule. Ki67 score was

defined as the percentage of total number of tumour cells

(at least 1,000) with nuclear staining over 10 high powered

fields (409).

The same staining procedure as described above, with

microwave antigen retrieval, was used for ER. The primary

antibody used 6F11 (Novocastra, UK) was incubated at a

dilution of 1:40 for 2 hr at room temperature. The Histo-

score (H-score) was used to assess ER, incorporating

evaluation of intensity of stain (0–3) and number of cells

staining (range of score 0–300). Using this method ER

positive tumours have a score of [1.
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The Hercep test (Dako) was used to perform HER2

immunohistochemistry. Specimens were classified as

positive if immunohistochemical staining was 3? or if

staining was 2? and FISH (fluorescence in situ hybrid-

isation) positive. PgR was evaluated using the Allred score

[13].

Statistical analysis

Associations between two variables were assessed as

follows: nominal tabulated data were analysed using the

Chi-squared test (for 2 9 2 tables Fisher’s exact test was

used); if one factor was ordinal the Kruskal–Wallis test

was used if more than two groups were being compared,

the Mann Whitney test for trend being employed to

compare two groups. If two ordinal factors were being

assessed Spearman Rank correlation was employed.

Multivariate analysis of pCR (a binary variable) was

undertaken using logistic regression. Univariate and

multivariate analysis of RFS and OS was carried out

using Cox regression. RFS was defined as the time from

the date of presentation to the date of first local relapse,

distant relapse or occurrence of a new primary tumour.

OS was defined as the time from presentation to death.

Patients without an event were censored at the time of last

follow-up.

Multivariate analysis was performed in a forward step-

wise fashion, the most significant additional variable

(satisfying P \ 0.05) being added at each stage, cases with

missing values for any of the variables in the model were

excluded from analysis. About 95% confidence intervals

were used to express ranges within which true parameter

values were likely to lie.

All P values were two-tailed and 95% confidence

intervals were employed for all tests.

For Ki67 analysis, the centred linear component was

first calculated by log transforming the variable and the

average of all log transformed values was then deducted

from each log transformed observation. This had the

effect of ‘centering’ the values, e.g. the average would be

zero and values below the average would be below zero,

those above the average would be above zero. A ‘cen-

tred’ quadratic component was then calculated by

squaring this linear component and similarly a cubic

component was calculated by cubing the linear compo-

nent. The centred quadratic variable would allow a

U-shaped relationship between outcome and the factor to

be detected, e.g. low values could be high risk relative to

values in the middle of the distribution and similarly high

values would also be high risk. Fitting the linear, qua-

dratic and cubic components, or any combination of them

allows investigation of the pattern between the log hazard

of death (or of relapse, or log odds ratio of response) to

be investigated.

Results

The clinical characteristics of 175 patients with pre-therapy

histopathology blocks that had sufficient material available

for immunohistochemical assessment of Ki67 are displayed

in Table 1. The median age was 48 years, with a range of

26 to 75 years. At the time of analysis 56 patients had died

and 71 had relapsed.

A significant association between pre-therapy Ki67 and

histological grade (P \ 0.001) was observed and an

inverse association with ER status (P = 0.0004). No

association between pre-therapy Ki67 and HER2 was seen

(P = 0.9).

Table 1 Clinical characteristics of the 175 patients

Characteristic Total number of patients (%)

Menstrual status

Pre 95 (54.3%)

Peri 12 (6.9%)

Post 48 (27.4%)

Hysterectomy 20 (11.4%)

T stage

T1 2 (1.1%)

T2 82 (46.9%)

T3 68 (38.9%)

T4 23 (13.1%)

N stage

N0 84 (48.0%)

N1 82 (46.9%)

N2 6 (3.4%)

N3 3 (1.7%)

Initial operability

Operable 154 (88.0%)

Locally advanced 21 (12.0%)

ER

Positive 97 (55.4%)

Negative 78 (44.6%)

Clinical response

Complete response 55 (31.4%)

Partial response 69 (39.4%)

Stable disease 35 (20.0%)

Progressive disease 16 (9.1%)

pCR

Yes 18 (10.3%)

No 131 (74.9%)

Radiotherapy alone 23 (13.1%)

Unknown 3 (1.7%)
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Pathological response

Patients with higher pre-therapy Ki67 were significantly

more likely to achieve a pCR than those with lower pre-

therapy Ki67 (P \ 0.04; Table 2). Lack of ER expression,

HER2 positivity and high tumour grade were significantly

associated with higher pCR rates (P = 0.002, P = 0.004

and P = 0.0009, respectively). No statistically significant

correlation between pCR and other clinicopathological

variables was observed (age, menopausal status, clinical T

and N stage, initial operability, PgR status, dual ER/ HER2

negative phenotype, histological type and treatment with

an anthracycline-based regimen).

Multivariate analysis was performed with and without

HER2 included in the model (Table 2). Pre-therapy grade

and ER status were found to be independent predictors of

pCR, but not Ki67. When included in the model HER2

status was a significant independent predictor of pCR

(P = 0.04), but ER status and grade lost significant inde-

pendent predictive value.

Clinical response

On univariate and multivariate analyses, high histological

grade was associated with more prevalent clinical response

(P = 0.01). No significant correlation between clinical

response and the other clinicopathological variables was

observed (Table 2).

Relapse-free survival

On univariate analysis the following factors were significantly

associated with shorter RFS; higher clinical T (P \ 0.001)

and higher N (P \ 0.001) stage, locally advanced disease

status (P = 0.05), higher pre-therapy Ki67 (P \ 0.001),

pre-therapy ER negativity (P = 0.004), dual ER/ HER2

negative (P = 0.002), clinical progressive disease

(P = 0.003), type of surgery performed (P = 0.01) and no

adjuvant endocrine therapy (P \ 0.001; Table 3). A trend for

improved RFS was observed in patients with lower pre-ther-

apy grade (P = 0.06) and those achieving a pCR (P = 0.07).

On multivariate analysis, higher clinical T (P \ 0.001)

and higher N (P = 0.001) stage, locally advanced disease

status (P = 0.02), ER negativity (P = 0.04), lack of clin-

ical response to chemotherapy (P = 0.001) and no

adjuvant endocrine therapy (P = 0.001) were significant

independent factors for shorter RFS.

Overall survival

On univariate analysis the following factors were associated

with shorter OS; higher clinical T (P = 0.001) and N stage

(P = 0.01), pre-therapy Ki67 (linear function, P = 0.03 and

quadratic function, P = 0.01), treatment with non-anthra-

cycline-based neoadjuvant regimens (P = 0.03), lack of

cCR to first-line chemotherapy (P = 0.02), the absence of a

pCR to neoadjuvant therapy (P = 0.05), mastectomy as

opposed to breast conserving surgery (P \ 0.001) and no

adjuvant endocrine therapy (P = 0.001; Table 4).

On multivariate analysis, higher clinical T (P \ 0.001)

and higher N (P = 0.001) stage, locally advanced disease

status (P = 0.03), type of surgery performed (P = 0.03) and

no adjuvant endocrine therapy (P = 0.005) were the only

independent prognostic factors associated with shorter OS.

Discussion

Pathological complete response to neoadjuvant chemo-

therapy is a clear predictor of survival. We have previously

Table 2 Univariate and multivariate analysis of factors predictive of clinical and pathological response and multivariate analysis of factors

predictive of pCR

Factors Clinical response pCR

Univariate analysis

P value (odds ratio 95%CI)

Univariate analysis

P value (odds ratio 95%CI)

Multivariate analysis

P value (odds ratio 95%CI)

Menopausal status (post: pre) 0.6 0.1 (0.4, 0.1–1.3) NS

T stage 0.09 0.4 NS

N stage 0.1 0.3 NS

Ki67 (per 2.7 fold increase) 0.5 0.04 (2.9, 1.1–8.1) NS

ER status (positive: negative) 0.3 0.002 (0.2, 0.05–0.5) 0.05 (0.3, 0.1–1.0)

HER 2 (positive: negative) 0.2 0.004 (10, 2.0–54) a

Grade 0.01 (3, 1.3–6.2) 0.0009 (14, 19–115) 0.04 (8.7, 1.0–72)

Histological typeb 0.1 0.4 NS

a When included in the model HER2 status was a significant independent predictor of pCR (P = 0.04, odds ratio = 10, 2.0–54), but ER status

and grade lost significant independent predictive value
b Histological type: invasive ductal carcinoma of no special type and invasive lobular carcinoma
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Table 3 Univariate and

multivariate analyses for

relapse-free survival

Factors Univariate analysis Multivariate analysis

P value HR (95%CI) P value HR (95%CI)

Age NS (0.2) 1.2 (0.9–1.5) NS

Menstrual status NS (0.1) NS

Pre 1

Peri 2.2 (1.0–5.0)

Post 1.3 (0.9–2.1)

T stage \0.001 \0.001 2.6 (1.7–3.9)

T1

T2 1

T3 2.5 (1.4–4.3)

T4 3.4 (1.7–6.6)

N stage \0.001 0.001 1.9 (1.3–2.8)

N0 1

N1 1.9 (1.1–3.1)

N2 1.2 (0.3–5.0)

N3 22.4 (6.2–80.9)

Pre-therapy operability 0.05 0.019 0.4 (0.2–0.6)

Operable 1

Locally advanced 1.9 (1.0–3.5)

Pre-therapy Ki67 \0.001 0 (0.8–1.4) NS

Pre-therapy ER status 0.004 0.04 0.6 (0.4–1.0)

Negative 1

Positive 0.5 (0.3–0.8)

Pre-therapy PgR status NS (0.3) NS

Negative 1

Positive 0.5 (0.1–1.8)

Pre-therapy HER2 status NS (0.1) NS

Negative 1

Positive 0.5 (0.2–1.2)

Pre-therapy ER/ HER2 status 0.002 NS

Dual negative 3.3 (1.6–7.2)

Not dual negative 1.0

Pre-therapy grade NS (0.06) NS

1

2 1

3 1.7 (0.9–3.1)

Pre-therapy histology NS (0.5) NS

IDC 1

ILC 0.7 (0.3–1.8)

Anthracycline therapy NS (0.1) NS

No 1

Yes 0.6 (0.3–1.2)

Response to neoadjuvant therapy 0.003 0.001 1.5 (1.2–1.9)

CR 1

PR 1.2 (0.7–2.2)

SD 0.9 (0.4–2.0)

PD 4.4 (2.2–8.8)
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shown that in patients who do not achieve a pCR, post-

neoadjuvant chemotherapy Ki67 to be an independent

prognostic factor [9]. The aim of the current study was to

assess the prognostic and predictive role of pre-therapy

Ki67.

Pre-therapy Ki67, grade, ER and HER2 status were sig-

nificant predictors of pCR on univariate analysis. However,

in a multivariate model, HER2 status was the only signifi-

cant independent predictor of pCR. These findings

corroborate those of previous studies, where grade [2, 14]

and HER2 [15, 16] were shown to be significant independent

predictors of pCR in multivariate models including Ki67,

HER2 and ER status. Furthermore, in analysing ER positive

and negative subgroups separately, Ki67 did not have a

significant influence on pCR (data not shown). Here we

demonstrate that the inverse correlation between ER status

and Ki67 does not fully explain the higher pCR rate

observed in ER negative tumours. This effect is unlikely to

be due to ER status per se, but may in part be explained by

HER2 status. These observations regarding the sensitivity of

HER2 positive tumours to anthracycline chemotherapy may

due to frequent co-amplification of HER2 and topoisomer-

ase II [17]. In contrast, other investigators have found Ki67

to be an independent predictor of pCR in models including

histological grade, ER and HER2 status [17–20]. These

discordant results may be due to the small patient numbers,

the heterogeneous patient populations and chemotherapy

regimens analysed and the investigation of varying bio-

markers in each individual study as well as differing

selection criteria. Another major limitation of most of these

studies (including the present) is their retrospective nature.

Predictors of a pCR to neoadjuvant chemotherapy are

also markers of poorer survival. However, recent studies

have shown that women with triple negative tumours have

a higher pCR rate than those with non-triple negative

tumours [8, 21, 22]. Furthermore, those with triple negative

disease who do achieve a pCR to neoadjuvant chemo-

therapy have an excellent prognosis. However, triple

negative patients with residual disease following neoadju-

vant therapy have worse survival compared to those with

non-triple negative tumours [8, 21, 22].

There has been inconsistency regarding the prognostic

value of clinical response to neoadjuvant chemotherapy

possibly due to inter observer variability, and therefore for

the purpose of this study clinical response is not as good an

end point as pCR. Our study did not show a significant

independent correlation between pre-therapy Ki67 and

clinical response.

ER status, clinical T and N stage and the use of adjuvant

endocrine therapy were independent prognostic factors for

RFS in our study. On multivariate analysis pre-therapy

Ki67 was not an independent predictor of RFS or OS. In

agreement, most other studies have demonstrated that pre-

neoadjuvant chemotherapy Ki67 is not an independent

predictor of relapse-free, disease-free and progression-free

survival [2, 15, 16, 18, 23–27], or OS [16, 19, 23–27]. A

recent meta analysis, of patients treated with and without

adjuvant systemic chemotherapy, has found that high Ki67

is associated with worse survival [28]. Further studies

assessing the predictive impact of Ki67 in specific che-

motherapy regimens are warranted.

In conclusion, pre-therapy ER and Ki67 were predictors

of pCR on univariate analysis. However, in a multivariate

model (including grade, ER and HER2 status), Ki67 lost

significance. This suggests that aspects of ER status beyond

its inverse association with proliferation may contribute to

its predictive value for pCR. This in part may be explained

by the inverse correlation observed between ER and HER2

status. Pre-therapy Ki67 was not an independent predictor of

RFS and OS.

Table 3 continued

BCS breast conserving surgery,

IDC invasive ductal carcinoma,

ILC invasive lobular carcinoma,

CR complete response, PR
partial response, SD stable

disease, PD progressive disease,

pCR pathological complete

response

Factors Univariate analysis Multivariate analysis

P value HR (95%CI) P value HR (95%CI)

pCR to neoadjuvant therapy NS (0.07) NS

No 1

Yes 0.4 (0.1–1.1)

Type of surgery performed 0.01 NS

None 1

BCS 0.6 (0.3–1.0)

Masectomy 1.3 (0.7–2.3)

Adjuvant endocrine therapy \0.001 0.001 0.4 (0.2–0.7)

No 1

Yes 0.4 (0.2–0.7)

Adjuvant chemotherapy NS (0.1) NS

No 1

Yes 0.4 (0.1–1.3)
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Table 4 Univariate

and multivariate analyses

for overall survival

Factors Univariate analysis Multivariate analysis

P value HR (95%CI) P value HR (95%CI)

Age NS (0.1) 1.3 (1.0–1.6) NS

Menstrual status NS (0.4) NS

Pre 1

Peri 1.7 (0.7–4.4)

Post 1.3 (0.8–2.3)

T stage 0.001 \0.001 2.3 (1.4–3.5)

T1

T2 1

T3 2.5 (1.4–4.3)

T4 3.4 (1.7–6.6)

N stage 0.01 0.001 2.0 (1.3–3.0)

N0 1

N1 2.2 (1.2–3.8)

N2 2.4 (0.7–8.2)

N3 2.0 (0.3–14.8)

Pre-therapy operability NS (0.2) 0.03 0.4 (0.2–0.9)

Operable 1

Locally advanced 1.6 (0.8–3.2)

Pre-therapy Ki67 NS

Linear 0.03 1.6 (1.0–2.3)

Quadratic 0.01 1.1 (1.0–1.2)

Pre-therapy ER status NS (0.1) NS

Negative 1

Positive 0.7 (0.4–1.1)

Pre-therapy PgR status NS (0.2) NS

Negative 1

Positive 0.3 (0–2.1)

Pre-therapy HER2 NS (0.4) NS

Negative 1

Positive 0.6 (0.2–1.7)

Pre-therapy ER/HER2 status 0.2 NS

Dual negative 1.7 (0.7–4.0)

Not dual negative 1.0

Pre-therapy grade NS (0.1) NS

1

2 1

3 1.7 (0.9–3.1)

Pre-therapy histology NS (0.5) NS

IDC 1

ILC 0.7 (0.3–2.0)

Anthracycline therapy 0.03 NS

No 1

Yes 0.5 (0.2–0.9)

Response to neoadjuvant therapy 0.02 NS

CR 1

PR 1.3 (0.7–2.5)

SD 1.3 (0.6–3.0)

PD 3.2 (1.5–7.1)
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