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Abstract

Introduction: Histopathologic subtyping according to the St. Gallen classification is predictive of response in women with breast cancer treated
with neoadjuvant chemotherapy (NCT). Our aim was to confirm its predictive role when dose-dense (DD) chemotherapy is administered.
Methods: A prospective study was performed in stage II-lll breast cancer treated with four cycles of doxorubicin-cyclophosphamide every
two weeks, followed by 4 cycles of docetaxel every 3weeks. Tumours were grouped into 4 subtypes. Simple and multivariate logistic
regression analysis was performed to determine the association between pathologic complete response (pCR), according to the Miller &
Payne classification and tumour subtype. In addition survival analysis was performed. Results: 71 patients were included. By phenotypic
classification, 11.3% were Luminal A, 59.2% Luminal B, 8.5% pure HER2 and 21.1% TN. Following the administration of DD NCT, a pCR rate
of 25.4% was achieved. There was a significant association between the pCR rate and the different immune phenotypes (p=0.05). The
pCR rate was 46.7% for the TN patients and 19.6% for the others (p=0.046). At 30 months' follow up, the rate of disease-free survival (DFS)
was 71.8% for the TN patients and 93.3% for all others. The difference was also significant for overall survival (p=0.006), with 100% of the
non-TN patients alive vs 85.7% of the TN patients. Within the TN subtype, the patients who achieved pCR had a better DFS (p=0.04) and
a better rate of overall survival. Conclusions: Tumour classification according to the St. Gallen phenotypes is useful in predicting response
and survival in breast cancer patients treated with DD neoadjuvant chemotherapy.
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disease, and obtaining a high rate of pCR has become the
main goal in most clinical trials of neoadjuvant therapy.

Introduction

Since the early 1980s there has been increasing interest
in the application of neoadjuvant chemotherapy (NCT) in
cases of unresectable or locally advanced breast cancer.
This interest was based on the hypotheses proposed
following laboratory findings [1, 2] and in view of the
favourable results obtained from a series of clinical trials
and a meta-analysis which showed that this treatment
sequence, for overall survival (OS) and disease-free survival
(DFS), obtained the same results as chemotherapy after
surgery [3-5].

The classification of breast cancer into molecular subtypes
by Perou et al. has a proven forecast value and plays
an important role as a predictor of response to NCT.
Later studies using a 3-5 marker panel determined by
immunohistochemical techniques (see Method section),
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NCT hasseveral advantages over post-operative application
at an early stage: it acts against micrometastatic disease

and at the same time reduces the tumour size, thus
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permitting more conservative surgery to be undertaken. In
addition, the sensitivity of the tumour to systemic therapy
can be tested [3, 6, 7]. Furthermore, the pathologic tumour
response to preoperative chemotherapy can provide a
useful forecasting tool as it has been shown that pathologic
complete response (pCR) is associated with a lower risk
of relapse and with increased OS [8]. Therefore, NCT in
breast cancer is now widely employed at early stages of the
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have also sought to classify breast cancer and provide a
similar interpretation [9].

With the aim of optimising the application of NCT in cases
of locally advanced breast cancer, our study analysed the
effectiveness of dose-dense (DD) NCT. So the primary aim
was to determine the relationship between the different
breast cancer subtypes, according to the St. Gallen
classification, and the response to DD NCT, according to
the rate of pCR on the Miller & Payne classification. As a
secondary goal, we analysed the prognostic value of this
sub-classification of breast cancer immunophenotypes
treated with DD NCT, evaluating DFS and OS.

Key messages

Tumour classification according to the St. Gallen
phenotypes is useful in predicting response and survival
in breast cancer patients treated with DD neoadjuvant
chemotherapy. TN tumors had best pRC rates and less
DFS and OS than other breast cancer subtypes. pRC in TN
tumours had a prognostic value.

Subjects and methods

Assessment criteria

Breast cancer subtypes were determined in accordance
with the clinical-pathologic criteria recommended in the
2011 St. Gallen consensus [10]. This was done using a
combination of markers, including the Ki-67 proliferation
index and immunohistochemical markers based on
the expression pattern of estrogen receptors (ER),
progesterone receptors (PR) and HER2. If the HER2 status
was equivocal (2+) or the samples suboptimal, this pattern
was determined by fluorescence in situ hybridisation (FISH)
[11, 12]. Four major subtypes were identified: luminal A
tumours, with ER and PR positive, HER2 negative and Ki-
67<14%; luminal B, with ER and PR positive and Ki-67>14%
and/or HER2 amplified; pure HER2, with overexpressed
HER2, and ER and PR negative; and triple negative (TN),
with an absence of expression for all three receptors.

The pathologic tumour response to NCT was evaluated
according to the Miller & Payne scale, graduated from 1 to
5[13]. The response was classified as pCR grade 5 vs. non-
pCR, which includes grades 1 to 4.

The relationship between the different phenotypes of
breast cancer and OS and DFS was analysed according to
the pathologic response achieved. DFS was defined as the
time elapsed in months between surgery and locoregional
or distant relapse. OS was calculated as the difference
between the date of diagnosis and the date of death from
any cause.

Patients and treatment

This prospective, observational study of 71patients
diagnosed with stage II-lll breast cancer was conducted
from May 2011 until February 2015.

The following inclusion criteria were applied: patient aged
at least 18 years, diagnosed with stage Il or Ill breast
cancer, histologically confirmed by a biopsy of the breast.
All cases were discussed in a joint multidisciplinary session

before inclusion in the dose-dense NCT programme. A
tumour was considered HER2 positive when it presented
overexpression of 3+ by immunohistochemistry or a
positive FISH result (technique routinely applied when
HER2 status was equivocal (24) by immunohistochemistry
analysis). Exclusion criteria were the presence of
metastasis, a previous history of cancer (excluding cervix
carcinoma in situ and non-melanoma skin cancer), poor
bone marrow function (defined as an absolute neutrophil
count <1,500/uL or platelets <100,000/uL), abnormal renal
function (defined as serum creatinine >2.5 mg/100 ml),
abnormal hepatic function or a history of congestive heart
failure or left ventricular ejection fraction <45% (evaluated
by echocardiography).

The DD NCT consisted of four cycles of doxorubicin (A)
60 mg/m? and cyclophosphamide (C) 600 mg/m? every 2
weeks, with the support of filgrastim 5 u/kg, from days 3 to
10 of each cycle, followed by 4 cycles of docetaxel (T) 100
mg/m? every 3 weeks. Trastuzumab 6 mg/kg was added
(with a loading dose of 8 mg/kg) every 3 weeks during
the 4 cycles of docetaxel, if HER2 was overexpressed, and
was continued after surgery for one year. All tumours
with positive ER or PR received adjuvant tamoxifen or
aromatase inhibitors after surgery, for 5 years.

After the 8 cycles of NCT, a mammography or breast
MRI was performed to evaluate the clinical-radiological
response to treatment. The type of surgery (conservative
or mastectomy) was scheduled according to the surgeon'’s
criteria.

When clinical examination and ultrasound diagnosis of
the axilla were negative, the patient underwent selective
sentinel node biopsy before starting NCT. If the result of
these tests was positive, an axillary lymphadenectomy was
performed during the mammary intervention. All patients
given breast-conserving surgery received radiation
therapy with whole-breast irradiation, of 40.05 Gy in 15
fractions with breast boost irradiation of 10 Gy for patients
aged under 50 years, or with microscopically affected
margins. Irradiation of the breast and/or chest wall and/
or supraclavicular and axillary area was performed, at the
same dose, if a residual tumour >5 cm and/or pathologic
tumour involvement of more than 3 axillary nodes was
observed after chemotherapy.

The patients’ medical records were reviewed and all
clinical, histopathologic and treatment-related variables
were included in a database.

Statistical analysis

SPSS 14.0 (SPSS) statistical software was used to perform
a descriptive analysis of the main variables. Measures of
central tendency, dispersion and position were calculated
for the numeric variables, and absolute and relative
frequencies were obtained for the qualitative ones.
Student’s t test for independent samples was applied in
the case of numeric variables, and the chi-square test for
the qualitative ones. In addition, the hypothesis of normal
distribution of the data was verified, so that non-parametric
techniques could be used if necessary. Bivariate analysis
was used to study the relationship between, on the one
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hand, the variables known to be predictive and prognostic
and related to the pathologic response to treatment,
and on the other, the disease-free interval and overall
survival achieved stratified multivariate survival analysis
was performed, using the Kaplan-Meier method, for DFS
and OS using the log-rank test to compare the groups.
Cox's regression model was used to perform a stratified
analysis of pCR. In all analyses, the level of significance
was set at p<0.05, with a confidence interval of 95% where
necessary.

Research ethics

The study was approved by the research ethics committee
at the San Cecilio Clinical Hospital (Granada) and was
conducted in accordance with the Helsinki Declaration
principles and recommendations for biomedical research
involving human subjects (General Assembly of the World
Medical Association, Helsinki, Finland, 1964). All patients
gave their signed informed consent to participate in the
study.

Results

The original study population included 75 women with
localised-locally advanced breast cancer, of whom 71
formed the final sample. Four patients were excluded from
analysis. In 3 cases, this was because metastatic disease
was detected in the extension study before starting NCT, no
surgery was performed, and therefore the pCR could not
be analysed. In the other case, the patient’s chemotherapy
regimen was changed. The average age of the population
was 49 years. 75% of the tumours detected were stage
T2 or T3, and 57% presented clinical or cytological lymph
node involvement (50% cN1). The phenotypic classification
by IHC showed that 70% of the tumours were luminal (59%
type B), 9% were pure HER2 and 21% were TN. 97% of the
population completed the NCT regimen. Moreover, due to
toxicity, 32% did not complete the four cycles of AC every
two weeks, and so the intercycle interval was extended to
21daysinthefinal cycles of AC. The main clinical, pathologic
and treatment-related characteristics of the patients are
shown in (Table 1).

Relation between histopathologic subtypes and response to
dose-dense neoadjuvant chemotherapy

Atumor pCRrate of 25.4% (18/71) was recorded. According
tothe bivariate analysis, the variables that were significantly
related to the pCR were the 2011 St. Gallen surrogate
classification (p=0.05), and the phenotypes that produced
the greatest response were pure HER2 (50% pCR) and TN
(46.7% pCR); HER2 overexpression (p=0.016); ER negative
(p=0.013); PR negative (p=0.001). No multivariate analysis
was performed, because the clinical variables related to
pCR were some of those used to group the subtypes of
breast cancer.

When histopathologic subtypes were grouped and com-
pared the responses of TN vs the rest of tumors, the TN
tumours were significantly different, with a higher rate
of pCR (46.7%) than the remaining luminal tumours and
HER2 (cPR rate: 19.6%) (p=0.046). The pure HER2, when
analysed separately, did not present statistically significant
differences, due to the small number of patients in this
subgroup (Table 2).

Table 1 Clinical-pathologic and treatment characteristics. *ki-67%: In 5
cases, the outcome could not be determined in the pre-NCT biopsy.

No. of
patients (%)
(n=71)

Menopausal status Pre 40 56.3
Post 31 43.7

TNM classification T 1 9 12.7
2 37 52.1

3 16 22,5

4 9 12.7

TNM classification N 0 32 45
1 34 47.8

2 4 5.6

3 1 1.4

Histologic type Ductal 65 91.5
Lobular 5 7.0

Mucinous 1 1.4

Phenotype classification Luminal A 8 1.3
Luminal B 42 59.2

HER2 6 8.5

Triple negative 15 211
Grade of differentiation Good 15 25.4
Intermediate 34 57.6

High 10 16.9

Ki-67%* <14% 9 12.7
> 14% 57 80.3
Estrogen receptors Negative 21 29.6
Positive 50 70.4

Progesterone receptors Negative 30 42.3
Positive 41 57.7

HER2 Negative 56 78.9
Positive 15 21.1

Completed chemotherapy No 2 2.8
Yes 69 97.2

Neoadjuvant trastuzumab No 57 80.3
Yes 13 18.3

Type of surgery Tumourectomy 52 73.2
Mastectomy 19 26.8

Selective sentinel Negative 20 28.2

node biopsy before

chemotherapy Positive 35 49.3
Not stated 16 225

Lymphadenectomy Yes 58 81.7
No 13 18.3
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Table 2 Relationship between subtypes of breast cancer and
immunohistochemical variables to cPR to dose-dense NCT.

Miller & Payne
pathologic
response n (%)*
n=71 (100%) P value
Grade 5 Grades
n (%) 18 1-4n(%)
(25.4%) 53(74.6%)
Phenotypes Luminal A 1 7 0.05
8 12.5% 87.5%
Luminal B 7 35
42 16.7% 83.3%
HER2 3 3
6 50% 50%
Triple negative 7 8
15 46.7% 53.3%
Phenotypes Luminal+HER2 1 4 0.046
56 19.6% 80.4%
Triple negative 7 8
15 46.7% 53.3%
HER2 Negative 10 46 0.016
17.9% 82.1%
Positive 8 7
53.3% 46.7%
Estrogen Negative 10 " 0.013
receptors
47.6% 52.4%
Positive 8 42
16% 84%
Progesterone Negative 14 16 0.001
receptors
46.7% 53.3%
Positive 4 37
9.8% 90.2%
Ki-67 <14% 3 6 0.684
33.3% 66.7%
>14% 14 43
24.6% 75.4%

No significant relationship was found between the four
subtypes of breast cancer and pCR when the axillary node
status was included in the analysis. A pCR rate of 21.1%
(15/71) was recorded. The phenotypes that produced the
best response to treatment were TN subtypes (40.0% of
pCR) followed by luminal B and HER2 (16.7% ) and finally
the luminal A subtype (12.5%). There were not significant
differences in pCR of tumor and axillary node status when
histopathologic subtypes were grouped and compared to
TN subtypes (40% vs 16.1%, p: 0 071).

Prognostic information obtained from the classification of
breast cancer by histopathologic subtypes

During the follow up period of 45 months, the two deaths
observed and four of the six recurrences corresponded
to the TN phenotype. We compared the evolution of the

different histologic phenotypes and observed that the TN
tumours had a significantly lower rate of DFS (p=0.022).
At 30 months’ follow up, the DFS rate was 71.8% in TN vs
93.3% in the other patients. These differences were also
significant for OS (p=0.006), with 100% of the non-NT
patients alive vs. 85.7% of the TN patients, at 30 months’
median follow up (Figures 1a,b). During the observation
period of this study, the median level of OS or DFS was not
reached, and so this parameter could not be calculated.

Prognostic value of pCR in the different subtypes of breast
cancer treated with dose-dense NCT

Cox's stratified analysis was used to identify the differences
in OS and DFS in the different subtypes of breast cancer,
according to whether pCR (Miller & Payne classification
grade 5) was achieved, compared to other pathologic
responses (grades 1 to 4). Only the TN tumours presented
a significant relationship between pCR and DFS, the latter
being greater among patients with pCR grade 5 (p=0.048).
OS and DFS at 30 months were both 100% in the TN
patients who achieved pCR after NCT (Figures 2a,b). In the
other subtypes, there were no differences in OS or DFS
between patients who had achieved pCR and those who
had not (data not shown). The median level of OS or DFS
was not achieved in the non-NT patients.

It was not possible to perform a multivariate analysis,
adjusting for other variables of known prognostic and
predictive value, such as age or the T or N stages, because
there were too few events for each study variable.

Discussion

Although diverse preoperative polychemotherapy schemes
are used in routine practice, most include anthracyclines
and taxanes administered sequentially every 21 days
[14]. In order to optimise the effectiveness of NCT and
thus increase the rate of pCR, it has been proposed that
chemotherapy should be applied every 14 days (in a dense-
dose regimen). This is a proven treatment option, and is
endorsed in clinical guidelines (for example, ESMO and
NCCN). Nevertheless, it is not implemented as a standard
treatment in all healthcare centres [15, 16].

In this prospective observational study, we analyse the
effectiveness of NCT administered every 14 days during the
first four cycles. We decided to administer only dose-dense
administration for the first part (anthracycline-based),
because of the risk of a significant increase in toxicity [16].
A pCR rate of 25.4% was recorded, a Figure comparable to
those reported in studies evaluating NCT with three-weekly
treatment regimens including anthracyclines and taxanes.
One such study was the phase Il NSABP30 B-27, with 2411
patients and 26% pCR among those who received four
cycles of anthracycline followed by four cycles of docetaxel
[14]. Studies of NCT with DD anthracyclines and taxanes
have reported lower rates of pCR than ours, while the
superiority of the experimental arm, with higher rates of
pCR, has been reported in others [17, 18]. Nevertheless,
our results should not be compared directly with others,
as its study population was heterogeneous, with diverse
NCT regimens in terms of number of cycles and type of
cytotoxic agents, and because many previous studies did
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not include neoadjuvant trastuzumab in patients with
overexpressed HER2. However, we can conclude that our
treatment regimen is effective, achieves a high rate of pCR
and lies within the upper range of previously-published
results.

In previous research, using DNA microarrays, breast
cancer has been classified into molecular subtypes with
different patterns of gene expression and varying levels
of prognosis [19]. The predictive value of these subtypes
for response to NTC has also been demonstrated, and
a relation has been established between the TN and
pure HER2+ molecular subtypes and a greater chance
of achieving pCR, compared with luminal subtypes [20].
However, this predictive and prognostic relationship has
not been clearly determined for DD NTC. Unfortunately,

in daily practice this genotyping assessment is not readily
available, and therefore our aim is to analyse the predictive
value of the response to DD NTC and the prognostic
value of the classification into four intrinsic subtypes
according to the clinical and pathologic criteria set out in
the St. Gallen consensus. St Gallen 2011 classification was
employed, because our prospective study was designed in
2011 by applying the current histological classification at
that time. And one of the strengths of our study is that
the phenotype classification, by immunohistochemical
analysis, was planned prospectively.

The results of our analysis are consistent with the
above-cited molecular classification studies, revealing a
significant relationship between the classification by the
four immunophenotypes and the pCR for the tumour.
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The phenotypes that produced the best response to
treatment were HER2 and TN, followed by luminal B and,
finally, luminal A. The rate of pCR for the TN subgroup was
noticeably higher than for the others, at 46.7% and 19.6%,
respectively. This higher rate of response in tumours with
the TN immunohistochemical phenotype (HER2 negative
and tumour with no expression of hormone receptors) was
previously observed in the GeparTrio prospective trial [21],
which obtained a pCR rate of 36.7% for the TN phenotype.
Similarly, the GeparQuattro phase Il clinical trial, with
445 HER2 positive tumours, using immunohistochemical
analysis and FISH, obtained a pCR rate of 45.5%, which
was significantly higher than the 19.5% obtained for the
HER2 negative phenotype [22]. Unfortunately, the number
of patients with the pure HER2 phenotype in our study
was insufficient for us to determine its predictive value for
pCR.

Another limitation of this study was our decision not to
include the axillary node status in the analysis of pathologic
responses, despite the known prognostic role of observed
residual disease in a pathologic examination of resected
axillary lymph nodes [8, 9]. However, this information was
not available regarding patients enrolled during the first
years of the study, and so it was decided to use only the
Miller & Payne assessment of the primary tumour. But in
the following years, the authors aware of this limitation,
decided to include the nodal status in this pathologic
response evaluation, although no significant relationship
was found between the four subtypes of breast cancer and
pCR.

In our study, the median follow up period was 45
months, and evaluation showed the TN tumours to have
significantly lower rates of DFS and OS than the other
subtypes. Therefore, although TN tumours are the most
sensitive to chemotherapy, producing the highest rates
of pCR, they obtain lower rates of survival than the other,
less aggressive, subtypes. We believe this is probably
because the intrinsic biology of the tumour makes it more
aggressive in patients who do not achieve pCR.

Doubt remains as to the prognostic value of pCR from
breast cancer achieved after NCT. Although most studies
conclude that pCR correlates with a better prognosis,
and it has been considered a surrogate marker of OS in
TN and pure HER2 molecular subtypes, various trials
and meta-analyses have not succeeded in proving this
association [5, 6]. These discrepancies may be due to the
methodological limitations of the trials, the heterogeneity
of the population, the absence of a uniform definition of
pCR (in some cases it is applied solely to the tumour and in
others also to the axillary node), the use of different score
systems (such as residual cancer burden, or the Miller
& Payne classification) and/or the existence of diverse
NCT regimens (in some, trastuzumab is not employed in
patients with overexpressed HER2). Therefore, in recent
years many studies have searched for biomarkers of
response to different NCT systems in this scenario [23].

In our study population, the TN subjects who obtained
grade 5 pCR, according to the Miller & Payne classification,
after DD NCT achieved higher rates of DFS and OS than

those with other types of response. However, these
findings should be interpreted with caution because
a more extensive follow up of the study population is
needed in order to determine the extent of differences in
the other subtypes for which there were insufficient events
in the present study. Although this study has not a large
number of patients, however, this sample was sufficient
to achieve the objective of the study, therefore we found
that immunohistochemical classification into four breast
cancer subtypes has both prognostic and predictive value
of response to dose-dense NCT. The possible beneficial
impact on the prognosis for patients with TN who achieved
pCR after DD NCT was also apparent in the three-weekly
NCT treatment regimen. This shows that, within the
poor prognosis for TN patients, those who achieve pCR
after dose-dense NCT do live longer, and this association
between pCR and improved survival was observed both
for patients with TN tumours and for those with the HER2
immunophenotype, as defined by immunohistochemical
criteria [8]. Furthermore, studies of the S-phase fraction
have concluded that ER-negative tumours are associated
with a low grade of differentiation and with greater
proliferative activity of the cell cycle. Similarly, the presence
of ahigh proportion of tumour cellsin the S-phase of the cell
cycle has been associated with response to treatment [24].
Therefore, in our search to optimise NCT regimens against
aggressive tumours, the DD approach is an interesting
option, given the hypothesis for this model of cell growth
that there exists a higher proportion of replicating cells
and therefore increased sensitivity to anthracyclines; thus,
a reduced intercycle interval would limit the capabilities
for cellular regrowth and increase cell death.

Conclusion

The immunohistochemical classification into intrinsic
subtypes of breast cancer has both a predictive and a
prognostic value for response to dose-dense NCT by TN
phenotype patients who achieve pCR in the tumour after
treatment.
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