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Abstract

Purpose Primary chemotherapy brings the opportu-
nity for an early and accurate assessment of response
and offers an ideal model to search for new predictors
of response. HER-2/neu is one of the most studied
genes for this purpose.

Patients and methods Her-2/neu was tested in a non-
randomized series of 300 patients with operable breast
carcinomas treated with primary CMF. Response was
assessed by mammography. Disease-free survival
(DFS) and overall survival (OS) were calculated after a
mean follow-up of 116 months. Statistical analysis was
performed to study the association between HER-2/
neu status and response to CMF.
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Results Overexpression/amplification was found in
23.66% cases. Univariate analysis showed that
response was similar in HER-2/neu positive and nega-
tive tumors (51.38 vs. 47.36%, P = 0.6). Triple negative
tumors (ER, PR and HER-2/neu negative) presented
the highest response rate (64.9%). By multivariate
analysis, response was significantly correlated to higher
nuclear grade and negative estrogen receptor status
(P =0.02 and 0.007, respectively). Patients with HER-
2/neu positive tumors presented shorter survival rates
(P =0.06). Patients with response to CMF showed
a better survival over non-responders independent of
Her-2/neu status. Patients with the combination of
response to CMF and Her-2/neu negative tumors
presented the best outcome. On the other hand, the
association of no response to CMF and positive Her-2/
neu score was statistically related to poor DFS and OS.
Conclusions CMF indication is independent of Her-
2/neu status.
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Introduction

Systemic treatment has improved survival in breast
cancer. However, prediction of response in a particu-
lar patient is not possible because of the absence of
reliable predictive markers. Primary chemotherapy
brings the opportunity for an early and accurate
assessment of response. It offers an ideal model to
test chemo-sensitivity in vivo and also to find predic-
tive markers (Bonadonna et al. 1998; Fisher et al.
1998). Until recently, CMF has been the treatment of
choice for breast cancer and it is still recommended
by St Gallen expert consensus (Goldhirsch et al.
2005).

Amplification/overexpression of Her-2/neu is pres-
ent in about 20-25% of invasive breast carcinomas.
Several preclinical studies suggested that its overex-
pression played a direct role in pathogenesis and
aggressiveness of tumors (Bargmann etal. 1986).
Her-2/neu status has been studied as a predictor of
poor prognosis in both lymph node positive and neg-
ative cases (Paik etal. 1990; Van de Vijver et al.
1988; Moreno et al. 1997; Reed et al. 2000). Several
studies have also reported the relationship between
Her-2/neu status and response to chemotherapy or
hormonotherapy (Allred etal. 1992; Wright et al.
1992).

Herein we report our results about the relationship
between Her-2/neu and CMF in a series of 300 patients
with operable breast carcinomas treated with primary
CMF in a single institution, after a mean follow-up of
116 months.

Patients and methods

HER-2/neu status was assessed in sections of paraffin-
embedded surgical specimens of a series of operable
breast cancers. Patients had been included in a proto-
col of primary chemotherapy approved by our local
Research Ethics Committee (number 3490) from Jan-
uary 8, 1990 to December 31, 1999. The study
enrolled 305 women with operable breast cancer
T>3cm classified T2-3/NO-1M0. Palpable tumors
were required to be assessable by mammography in
two dimensions. The criteria for exclusion were:
locally advanced or metastatic breast cancer, multi-
centricity, age under 18years or over 65 years,
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pregnancy, history of prior malignancies or severe
concomitant systemic disease.

The general characteristics of the series, response
and survival results have been previously published
(Falo et al. 2005).

Primary CMF protocol
Chemotherapy

Patients were treated with CMF. The CMF consisted
of cyclophosphamide, methotrexate and fluorouracil at
doses of 600/40/600 mg/m? intravenously on days 1 and
8 of each treatment cycle, every 28 days for three
courses. In the presence of tumor progression primary
chemotherapy was discontinued.

Assessment of response

The size of primary tumor was measured by palpa-
tion on the first day of each treatment cycle and
before surgery. Response was assessed by mammog-
raphy by measuring the product of the two largest
tumor diameters. The response was classified as com-
plete (cCR) in the absence of evidence of tumor in
the breast and the axilla. Partial response (cPR) was
defined as a reduction >50%. Tumor progression was
defined as an increase by at least 25%. Cases with
complete clinical response that presented breast can-
cer cells on the surgical specimen, were considered as
partial response for statistical purposes (Moreno
et al. 2002).

Local treatment

Surgery was planned after three to 4 weeks after the
third course of CMF. Conservative surgery with wide
tumorectomy was performed when radical and
aesthetic criteria allowed it. Selected cases with great
response required radiological guided surgery. A few
cases were submitted to conservative surgery with the
aid of plastic surgery. The remaining patients under-
went modified radical mastectomy. In all patients,
three level axillary dissection was performed.

Radiotherapy was delivered to all patients subjected
to breast-conservative surgery, to mastectomy patients
classified as T3 or T4, and to those cases with more
than four metastasic axillary lymph nodes. Patients
with surgical margins less than 10 mm had a boost of
20 Gy instead of 10 Gy on the tumor bed. Radiother-
apy started 3-4 weeks after adjuvant chemotherapy
was completed.
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Adjuvant treatment

Adjuvant treatment started 15days after surgery.
Cases with response (complete or partial) received
three more courses of CMF. Patients without response
were treated with doxorubicin at doses of 75 mg/m2 in
four courses. Tamoxifen was not the standard of care
at that time.

Follow-up

After the completion of the treatment program, physi-
cal examination, and hematological tests and blood
biochemistry were performed every 3 months for the
first 3 years, every 4 months in the 4th and 5th year,
and every 6 months thereafter. Mammography was
performed once a year starting 6 months from the end
of breast irradiation therapy. Other studies were
performed annually and included chest X-ray and bone
X-ray or bone scans. After the 10th year the follow-up
became annual.

Her-2/neu assessment

Her-2/neu was detected on formalin-fixed, paraffin-
embedded surgical specimens by immunohistochemis-
try (IHC) and by fluorescence in situ hybridization
(FISH), according to the algorithm of our institution
(Falo et al. 2003).

The algorithm consisted on testing all the cases by
THC with the monoclonal antibody CB-11 from Bioge-
nex = (mab CB-11). The negative cases were submitted
to a second immunohistochemical run with the Her-
cepTest kit (DAKO™). Finally, those cases considered
positive with the HercepTest (score 2+ and score 3+)
that had been negative with the monoclonal antibody
CB-11 were selected to quantify amplification by FISH
with the Oncor Ventana Inform Her-2/neu gene detec-
tion system .

Positive cases were defined as a positive immuno-
staining with the mab CB-11 or as amplified by FISH.

Tumour subclassification

Genomic expression profiling studies on breast tumors
have identified distinct subtypes of breast carcinomas
that are associated with different responses to chemo-
therapy and to different clinical outcomes (Van’t veer
et al. 2002; Sorlie et al. 2001).

Taking into account the recent subclassification of
breast carcinomas according to gene expression profil-
ing, we have subdivided our series into the three main
groups, i.e., triple negative [estrogen receptor (ER),

progesterone receptor (PR) and HER-2/neu], luminal
tumors (ER or PR positive, HER-2/neu negative) and
HER-2/neu positive tumors.

Statistical analyses

Disease characteristics according to Her-2/neu status
were compared using chi square tests.

In the univariate analysis, Her-2/neu amplification/
overexpression has been related to response using chi
square tests. Corrections for hormonal receptor
expression have been done.

In the multivariate analysis, interrelationship
between the different predictive factors (including
nuclear grade, hormonal receptor and HER-2/neu sta-
tus) was determined using a logistic regression test.
The variable to predict was tumor reduction >50%,
including complete tumor remission.

Disease-free survival (DFS) and overall survival
(OS) have been calculated according to the method
of Kaplan-Meier. Her-2/neu amplification/overex-
pression has been related to survival (DFS and OS)
using the Cox-regression analysis. Survival curves
were performed according to triple negative, luminal
and HER-2/neu positive tumors using the cox-regres-
sion model as a survival function for patterns 1-3.
Finally, survival was related both to HER-2/neu sta-
tus and to response using the Log-rank test between
groups.

All P values were two-sided and a value of P < 0.05
was considered statistically significant. Data were
analyzed with SPSS"™ (version 13.0 Chicago, IL).

Results
Her-2/neu status

Three hundred tumors were available for determina-
tion. After the application of the mentioned algorithm,
71 cases (23.66%) were considered positive. Disease
characteristics according to Her-2/neu status are pic-
tured in Table 1. HER-2/neu positive tumors were sig-
nificantly associated with negative hormonal receptors
(P =0.02) and with the mean value of pathological
involved lymph nodes (P = 0.05).

Tumour subclassification
Of the 284 breast carcinomas available for the subclas-
sification, 57 (20%) corresponded to the triple negative

subtype, 156 (55%) were luminal and 71 (25%) were
HER-2/neu positive tumors. These figures are in
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Table 1 Tumor characteris-

tics according to HER-2/neut HER-2 negative (n = 229) HER-2 positive (n = 71) P (chi square)
status N % N Y%
Estrogen R
Positive 146 65.5 35 51.5 0.027
Negative 77 34.5 33 48.5
Progesterone R
Positive 118 55.1 31 477 0.153
Negative 96 44.9 35 53.0
Nuclear grade
I 19 9 2 2.9 0.253
# Mean value of clinical I 149 70.3 50 73.5
tumor size 111 44 20.5 16 235
b . Tumor size (mm)*  37.16 39.31 0.08
Mean value of pathological =1 /100 nodes® 188 2.96 0.05

involved lymph nodes

agreement of those published in the literature (Sorlie
et al. 2001).

Response

The overall response rate for the whole series was
48.3%.

Univariate analysis

No statistical differences in terms of response rate,
were found according to the HER-2/neu status.
Response was similar for HER-2/neu negative and
positive tumors (47.59 vs. 50.70% respectively,
P =0.06).

The relation between HER-2/neu and response
was corrected by hormonal receptor status (Fig. 1).
The highest response rates were seen in the
triple negative tumors (64.9%), compared to HER-2/
neu positive tumors (50.7%) and luminal tumors
(39.7%).

Multivariate analysis

By multivariate analysis, no association was observed
between HER-2/neu status and tumor response
(P =0.94). The only independent predictors of response
were estrogen receptor status and nuclear grade
(P =0.007 and 0.02, respectively).

Survival

Events

After a mean follow-up of 116 months (range 63+ to
173+), there have been 117 relapses (21 local, 78 sys-

temic, and 18 local and systemic) and 75 deaths. Events
according to Her-2/neu status are shown in Table 2.
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Fig. 1 Response rate according to hormonal receptor and Her-2/
neu status

Table 2 Events according to HER-2/neu status

N HER-2 HER-2 P (chisquare)
negative  positive
Recurrences 117 87 30 0.29
Local recurrence 21 14 7 0.22
Local failure 39 25 14 0.04
Deaths 75 52 23 0.06

Local recurrence and failure

Local recurrence is defined as recurrence on the ipsilat-
eral breast, or on the ipsilateral chest wall, or in the
ipsilateral draining lymph nodes in the absence of sys-
temic disease. Local failure is defined as local recur-
rence independent of systemic disease.

At the time of the present analysis, there have been
21 local recurrences and 39 local failures.
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Fig. 2 Disease-free survival (DFS) according to HER-2/neu sta-
tus. The P values for these two curves are 0.29
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Fig. 3 Disease-free of local recurrence (DFS LR) according to
HER-2/neu status. The P values for these two curves are 0.22

Patients with Her-2/neu positive tumors presented
an increased rate of local failure compared with
patients with Her-2/neu negative tumors: 19.7 versus
10.9%, respectively. This difference reached standard
levels of significance (P = 0.04).

Disease free survival, disease free of local recurrence,
disease free of local failure and overall survival

The DFS, DFS of local recurrence, DFS of local failure
and OS curves are provided in Figs.2, 3, 4 and 5,
respectively.

Patients with Her-2/neu positive tumors presented a
poorer outcome compared to patients with negative
tumors. DFS at 8years was 53.3 versus 61.5%
(P =0.29); disease free of local recurrence was 86.6
versus 92.6% (P =0.22); disease free of local failure
was 77.6 versus 88.2% (P =0.04): and OS was 63.3 ver-
sus 75.8% (P = 0.06).

Survival rates were analyzed taking into account the
three subtypes of breast cancer, i.e., basal, luminal and
HER-2/neu positive tumors. No significant statistical
differences were seen between the three groups
(P =0.6).

Fig. 4 Disease-free of local failure (DFS LF) according to HER-
2/neu status. The P values for these two curves are 0.04
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Fig. 5 Overall survival according to HER-2/neu status. The P
values for these two curves are 0.06

Survival related to combined Her-2/neu status and
response to chemotherapy

To evaluate survival according to Her-2/neu status and
response to chemotherapy, four groups were defined as
follows: group 1 (n = 120): non-response and Her-2/neu
negative; group 2 (n = 35): non-response and Her-2/neu
positive; group 3 (n = 109): response and Her-2/neu neg-
ative; group 4 (n = 36): response and Her-2/neu positive.

Events

The number of recurrences by subgroups was the fol-
lowing: group 1: 50 (41.6%); group 2: 19 (54.2%);
group 3: 35 (32.1%); group 4: 13 (36.1%). The number
of deaths by subgroups was distributed as follows:
group 1: 34 (28.3%); group 2: 15 (42.8%); group 3: 16
(14.6%); group 4: 10 (27.7%).

Disease free and overall survival, according to response
and HER-2/neu status

The DFS and OS curves according to Her-2/neu sta-

tus and response are provided in Figs. 6 and 7, respec-
tively. Patients with response presented better
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Fig. 6 Patients with response to CMF presented a better DFS
compared to non-responders regardless of HER-2/neu status
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Fig. 7 Patients with response to CMF presented a better OS
compared to non-responders regardless of HER-2/neu status

survival rates than non-responders, regardless of
HER-2/neu status.

The best outcome (DFS and OS) was achieved in
patients with both response and Her-2/neu negative
tumors (group 3). On the opposite, non-responders
with Her-2/neu positive tumors (group 4) presented the
worst survival rates.

Discussion

Several studies suggested that Her-2/neu was a factor
of resistance to tamoxifen (Wright et al. 1992) and to
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CMF-like regimens (Allred et al. 1992; Gusterson et al.
1992) whereas its overexpression benefited from opti-
mal doses of antracyclines (Muss et al. 1994). Those
studies, however, lacked from an optimal methodology
for Her-2/neu assessment and were not directly
designed to answer that question. Other works do not
support chemoresistance linked to CMF (Ménard et al.
2001; Miles et al. 1999) and indicate that the benefit of
antracyclines is only marginal (Paik etal. 2000),
although some recent papers still support the idea of
CMF resistance related to overexpression of Her-2/neu
and p21°P! (Yang et al. 2003).

Information on the association between Her-2/neu
and response to taxane-based regimens is increasing.
Preliminary results from small phase II studies in meta-
static breast cancer, showed better response rates in
patients with positive tumors (Baselga etal. 1997).
These results are being consolidated in further studies
(Konecny et al. 2004; Martin et al. 2005).

In the current series, tumor response was measured
after primary CMF, which brings the advantage of a
direct and earlier assessment of response. By univari-
ate analysis we found no statistical significant differ-
ences in the rate of response between Her-2/neu
negative and positive tumors (47.59 vs. 50.70%,
P =0.6). Correction of Her-2/neu status for hormone
receptor expression was done. Our analysis confirmed
that triple negative tumors present the highest
response rate to CMF (64.9%) In the multivariate
analysis, response to CMF was confirmed to be inde-
pendent of HER-2/neu status (P =0.94), whereas it
was significantly related to estrogen receptor status and
nuclear grade (P = 0.007 and 0.02, respectively).

Patients with response to primary CMF improved
survival over non-responders both in Her-2/neu posi-
tive and negative tumors. These results are in accor-
dance with those of other studies on adjuvant
chemotherapy as those of Ménard and Miles but con-
tradict those initial studies of Gusterson and Muss.

As in other studies from the literature (Slamon et al.
1987), in our work, Her-2/neu status is an indicator of
poor outcome. Patients with HER-2/neu positive
tumors presented a shorter DFS and OS, even if the
differences did not reach stastistical levels of signifi-
cance (P=0.29 and 0.06, respectively). In terms of
local failure, patients with HER-2/neu positive tumors
presented a double rate of events (19.7 vs. 10.9,
P =0.04). The higher local failure rate has been previ-
ously related to resistance to radiotherapy (Haffty et al.
1996), however it has not been confirmed in recent
studies (Buchholz et al. 2004).

An interesting point of our study is the analysis of
survival combining Her-2/neu status and tumor
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response. Patients with response to CMF and Her-2/
neu negative tumors presented the best survival rates.
On the opposite, patients without response and Her-2/
neu positive tumors presented the worst for both DFS
and OS. This combination seems more valuable for
prediction of prognosis than Her-2/neu status or
response alone, although a larger series is necessary to
support this hypothesis.

In summary, the present study is a retrospective
study developed during the 1990’s, when CMF was the
treatment of choice in breast cancer, which cannot be
considered a standard of primary chemotherapy nowa-
days. However this study gives one of the most solid
data sets addressing the question as to whether HER-2/
neu positive breast cancers are resistant to CMF. By
univariate and multivariate analysis, we report no sta-
tistical differences in the overall response rate to pri-
mary CMF between HER-2/neu positive and negative
tumors. Accordingly, the indication of CMF in breast
cancer must be independent of Her-2/neu status.
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