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High efficacy of pre-operative trastuzumab combined with paclitaxel
following doxorubicin & cyclophosphamide in operable breast cancer
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Abstract
Background. Trastuzumab in combination with adjuvant chemotherapy improves disease free survival and overall survival in
HER2 over-expressing breast cancer patients. Data concerning the use of trastuzumab in the neo-adjuvant setting is limited.
We aimed to compare outcome of HER2 over-expressing breast cancer patients treated with either standard chemotherapy,
consisting of doxorubicin, cyclophosphamide and a taxane to outcome of patients treated with the same chemotherapy
regimen with the addition of trastuzumab in concurrence with paclitaxel. Methods. We conducted a retrospective review of
all consecutive HER2 over-expressing breast cancer patients treated at the participating institutions during the study period
and received neo-adjuvant therapy. Allocation to trastuzumab was not based on clinical parameters and was approved only
by part of the insurers. Clinical and pathological characteristics, as well as response rate and type of surgery were analyzed.
Results. Thirty seven patients received chemotherapy alone and 24 patients received chemotherapy and trastuzumab. A
similar distribution of age, clinical stage and histology was noted in both groups. The rate of pathological complete response
(pCR) was significantly higher among the trastuzumab-treated group compared to chemotherapy-alone group (75 vs. 24%
respectively, p�0.0002). pCR in the breast was noted in 18 of 24 (75%) compared to 10 of 36 (28%, p�0.0005) and pCR
in the axillary lymph nodes was noted in 19 of 20 (95%) compared to 8 of 28 (29%, p�0.0001), in the trastuzumab group
compared to the chemotherapy-alone group respectively. The safety profile was similar between both groups and no clinical
cardiotoxicity were noted. Conclusions. The addition of trastuzumab to standard chemotherapy in the neo-adjuvant setting
improves pathological complete response rates in HER2 over-expressing breast cancer patients.

Neo-adjuvant systemic therapy is an accepted stan-

dard approach for women with early breast cancer

and has been shown to reduce tumor size and allow

for breast conserving surgery [1]. While pre-opera-

tive therapy does not prolong disease free or overall

survival compared to post-operative therapy, it can

provide predictive and prognostic information and

may also provide in vivo assessment of tumor

sensitivity to therapy [2,3]. Thus, pathological

complete response (pCR), which can be achieved

in up to 35% of the patients treated by anthracycline

or taxane based pre-operative therapy, is associated

with improved survival [3�5]. Complete pathological

response in the axillary lymph nodes has also been

demonstrated to be an independent predictor of

long-term outcome, regardless of the response in the

breast tissue [5,6].

The HER2 gene is a member of the epidermal-

growth factor receptor family, which controls cell

growth, differentiation and survival [7]. HER2 over-

expression occurs in up to 25% of invasive breast

cancers and is associated with an aggressive disease

pattern and poor outcome [8,9]. HER2 is the target

of the monoclonal antibody trastuzumab, which has

been shown to improve outcome in both the meta-

static and adjuvant settings [10�13]. Several large

phase III trials have demonstrated a significant

improvement of disease free and overall survival
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following the addition of trastuzumab to various

adjuvant chemotherapy regimens [12�15]. To date,

the use of pre-operative trastuzumab has been

described in a limited number of relatively small

studies [16�22]. In a single published randomized

trial, which evaluated the pre-operative use of

trastuzumab following paclitaxel and fluorouracil/

epirubucin/cycolphosphamide (FEC), pCR was

noted in 66.7% of the 23 patients assigned to

chemotherapy and trastuzumab, compared to only

25% of the 19 patients assigned to chemotherapy

alone [16]. Significantly lower pCR rates were

reported in other studies [17�22]. However, as these

trials lacked a comparative control arm and none of

them incorporated both a taxane and an anthracy-

cline in the pre-operative regimen, the interpretation

of their results is limited.

In Israel, prior to the general reimbursement of

trastuzumab for the treatment of early breast cancer,

the drug was available only by some of the insurers.

During that period of time, all HER2 over-expres-

sing patients who were allocated for neo-adjuvant

chemotherapy at the participating institutions, were

treated by a regimen containing doxorubicin and

cyclophosphamide (AC) followed by a taxane, but

only some of these patients were also treated by

trastuzumab. As treatment allocation was not di-

rectly associated with clinical parameters, we had a

unique opportunity to compare two similar groups

of patients allocated to neo-adjuvant treatment

consisting of chemotherapy alone or chemotherapy

plus trastuzumab.

Patients and methods

Study population and pre-treatment evaluation

The study population included all consecutive oper-

able breast cancer patients with HER2/neu over-

expression who underwent neo-adjuvant therapy at

three institutions: Sheba Medical Centre (42 pa-

tients), Rambam Hospital (12 patients) and Assaf

Harofeh Hospital (7 patients) between June 2002

and December 2005. Patients’ charts were reviewed

and clinical data, including stage at diagnosis, age,

ethnicity, genetics and menopausal status were

documented. Stage was defined according to the

2002 American Joint Committee on Cancer Staging

System for Breast Cancer [24].

All patients underwent radiological evaluation of

both breasts by mammography and ultra-sonogra-

phy. Axillary lymph nodes were assessed by ultra-

sonography. Patients with clinically negative axillary

nodes underwent sentinel node sampling and those

with suspicious nodes on imaging underwent nodal

sampling prior to commencement of therapy. Biopsy

was not mandatory for patients with pathological

nodes on both examination and imaging.

Pre-treatment pathology reports were reviewed for

tumor histology, size, lymph nodes involvement, and

grade. Hormone receptor (HR) status was deter-

mined by immuno-histochemistry (IHC) staining.

HR-positive status was defined by presence of

�10% positive cells for the estrogen receptor (ER)

or the progesterone receptors (PR). HER2 status

was confirmed by either 3� on IHC analysis (range

0�3�), (Ventana, Pathway HER 2 clone CB II), or a

positive result of greater than 2.0 on fluorescence in

situ hybridization (FISH) for HER2 amplification

(pathvision kit -Vysis). FISH studies were performed

on all IHC 2� cases.

Left ventricular ejection fraction (LVEF) was

evaluated by either MUGA or echocardiogram and

only patients with a LVEF ]50% were allocated to

this protocol. Trastuzumab treated patients had

further assessment of LVEF at the conclusion of

therapy.

Neo-adjuvant therapy

All patients received four cycles of doxorubicin

(60 mg/m2) and cyclophosphamide (600 mg/m2)

every three weeks, followed by either a weekly taxane

(paclitaxel or docetaxel) together with weekly tras-

tuzumab (4 mg/kg initial loading dose followed by

2 mg/kg) for 12 weeks or only a taxane (weekly or

every three weeks). After surgery all women received

radiotherapy as per unit protocol. Those who

received trastuzumab completed one year of therapy

(6 mg/kg three-weekly). Hormone positive patients

received adjuvant hormonal therapy.

Treatment assessment

Toxicities were graded according to the National

Cancer Institute Common Toxicity Criteria, Version

2.0. Breast imaging was conducted either immedi-

ately prior to or following the final course of

treatment. Clinical and radiological complete re-

sponse was defined as no evidence of tumor on

clinical examination or imaging. Clinical and radi-

ological partial response was defined as at least a

50% decrease in the diameter of a lesion.

All patients underwent surgery within 6 weeks of

completion of neo-adjuvant therapy. Pathology re-

ports were evaluated and pCR was defined as the

absence of invasive disease in both the breast and the

axillary lymph nodes.

Data and statistical analysis

The distribution of all categorical variables by study

group was tabulated. Fisher exact tests were used for
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the analysis of categorical data and student t-test was

used for continuous variables. All p-values reported

were two-sided; values 50.05 were considered to be

statistically significant.

Results

Patient characteristics

Sixty-one HER2-overexpressing breast cancer pa-

tients were allocated to neo-adjuvant treatment

during the study period. HER2 expression score, as

determined by IHC, was 3� in 58 patients, and 2�
in three patients. In these three patients, HER2

positivity was confirmed by FISH.

Thirty-seven of the patients received chemother-

apy only and 24 received chemotherapy plus trastu-

zumab. Those that received trastuzumab completed

one year of therapy (6mg/kg three-weekly) following

surgery. The mean patients’ age was 49, and similar

distribution of age and menopausal status was noted

in both groups (Table I). At presentation clinical

stage T2-3 was noted in 65 and 80% of the patients

in the chemotherapy alone and the chemotherapy

plus trastuzumab group respectively, and more

patients in the chemotherapy alone group presented

with T4 disease (24 vs. 4% respectively, p�0.19 for

T stage distribution, Table I). Similar distribution of

nodal involvement was noted, with 76 and 83% node

positive status in the chemotherapy alone group and

the chemotherapy plus trastuzumab group, respec-

tively (p�0.4, Table I). More patients in the

chemotherapy alone group had HR positive tumors,

compared to the chemotherapy plus trastuzumab

group (65 vs. 37% respectively, p�0.05, Table I).

Invasive duct carcinoma histology was noted in 92%

of both study groups.

Response to therapy

Clinical CR, as determined by physical examination

of the breast and axilla, was observed in 19 (79%)

patients in the chemotherapy plus trastuzumab

group, compared to 12 (32%) of the patients in

chemotherapy alone group (p�0.0006, Table II).

pCR rate, in both the breast and lymph nodes, was

also significantly higher in the chemotherapy plus

trastuzumab group compared to chemotherapy

alone (75 vs. 24% respectively, p�0.0002, Table

II). A further analysis was made comparing the pCR

rate only in patients with clinically Tx-T3 tumors �
statistical significance was maintained with a pCR of

78 vs. 25%, pB0.0001, favoring the trastuzumab

group (data not shown).

In light of the prognostic significance attributed to

a pCR in the axillary lymph nodes [7,8], analysis of

pCR was performed by site, either in the breast

tissue or axilla. pCR in the breast was noted in 75%

of the chemotherapy plus trastuzumab group com-

pared to 28% in the chemotherapy alone group (p�
0.0005), while axillary pCR was noted in 95% of the

chemotherapy plus trastuzumab group compared to

29% in the chemotherapy alone group (p�0.0005,

Table II).

All patients underwent surgery at the conclusion

of neo-adjuvant therapy. No differences were noted

Table I. Distribution of patients’ characteristics at diagnosis.

Chemotherapy alone (N�37) Chemotherapy plus trastuzumab (N�24) Overall P

Mean age (range, years) 49 (29-68) 49 (29-66) 0.5

Menopausal Status (N,%)

Pre-menopausal 18 (49) 12 (50) 0.41

Post-menopausal 19 (51) 12 (50)

Histology (N,%)

IDC* 34 (92) 22 (92) 0.9

Other 3 (8) 2 (8)

Clinical T stage (N,%)

Tx 1 (3) 2 (8) 0.19

T1 3 (8) 2 (8)

T2 10 (27) 11 (46)

T3 14 (38) 8 (34)

T4 9 (24) 1 (4)

Clinical Nodal (N,%) 0.4

Node negative 9 (24) 4 (17)

Node positive 28 (76) 20 ( 83)

HR** Status (N,%) 0.05

Positive 24 (65) 9 (37)

Negative 13 (35) 15 (63)

*IDC: Invasive duct carcinoma; **HR: hormone receptor.
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in the type of the surgery performed in both groups,

with 75% having underwent lumpectomy in the

chemotherapy plus trastuzumab group compared

to 68% in the chemotherapy alone group (p�0.38,

Table II).

No statistically significant association was noted

between HR status and response (data not shown).

Toxicity

There were no treatment related deaths. The in-

cidence of grade 3 and 4 hematological and non-

hematological toxicity was similar in both groups.

No patients developed symptomatic (grade 3 and 4)

heart failure in either group. Five patients in the

trastuzumab group had more than a 10% reduction

in LVEF by the conclusion of therapy. However, in

only one patient was the LVEF below 55% by the

end of treatment, with an LVEF of 53% (Table III).

Discussion

We report high clinical and pathological response

rates following the addition of trastuzumab to a

standard chemotherapy regimen consisting of both

an anthracycline and a taxane. To our knowledge,

only seven groups reported on the efficacy of neo-

adjuvant trastuzumab therapy. All these studies were

relatively small, all but one were non-randomized

single arm studies, and none of them incorporated

standard chemotherapy protocols used in daily

clinical practice (Table IV). Thus, although retro-

spective, our study is unique for the inclusion of a

control group and for the use of a standard

chemotherapy regimen.

Although the studies differ considerably in pa-

tients’ population, chemotherapy regimen used and

the length of trastuzumab therapy, several conclu-

sions may be drawn from the comparison between

them. The highest response rates were reported by

us and by Buzdar et al. [16,23]. A major difference

between these two studies and all other studies is the

use of both an anthracycline and a taxane together

with trastuzumab. This combination has been re-

ported to be highly active in the adjuvant setting

[13,15] and our data suggest it as the preferable

regimen in the neo-adjuvant setting as well. As pCR

following neo-adjuvant treatment is associated with a

better prognosis [1,2], perhaps the use of this

combination, which is associated with the highest

pCR, could also be associated with improved long-

term outcome. Long-term follow-up is needed in

order to elucidate whether the high pCR will indeed

translate into a survival benefit. Lower pCR (38%)

were reported recently in a preliminary analysis of

the use of trastuzumab with an anthracycline and a

taxane containing chemotherapy regimen in 228

HER2-over-expressing breast cancer patients. How-

ever, while our patients were all operable at diag-

nosis, all patients in this study had locally advanced

breast cancer, manifested as either T4, N2 or

inflammatory breast cancer [25]. The difference in

breast conserving rates was not significantly different

between the two groups and indeed reflects the

inclusion of a significant proportion of patients with

early operable breast cancer.

The optimal length of trastuzumab therapy in the

neo-adjuvant setting has not been determined, and

the published trials report on use ranging from four

Table II. Response to therapy.

Chemotherapy Alone (N,%) Chemotherapy and Trastuzumab (N,%) Overall P

cCR* 12 (32) 19 (79) 0.0006

pCR$ 9 (24) 18 (75) 0.0002

pCR in breast 10/36$$ (28) 18 (75) 0.0005

pCR in lymph nodes** 8/28 (29) 19/20 (95) 0.0001

Breast conserving surgery 25 (68) 18 (75) 0.38

* cCR, clinical complete response; $ pCR, pathological complete response; $$ calculated per number of patients with clinically T1-4 pre-

treatment; **calculated per number of patients with pre-treatment biopsy proven positive lymph nodes pre-treatment.

Table III. Adverse events (total number of incidents in study).

Chemotherapy

Alone

Chemotherapy

and Trastuzumab

N�37 N�24

Treatment delays 2 2

Dose reductions 1 3

Protocol adjustments 5 0

Incidents of grade 3-4

Non-hematologic toxicity

7 8

Incidents of grade 3-4

hematologic toxicity

3 4

Incidents of febrile

neutropenia

3 3

Mean pre-trastuzumab LVEF N/A 64%

Mean post-trastuzumab

LVEF

N/A 63%

LVEF reduction of ]10%

(N,%)

N/A 5 (21)

LVEF reduction to B50% 0 0

Symptomatic congestive

heart failure

0 0
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to 24 weeks (Table IV). Our data may suggest that

12 weeks of trastuzumab treatment, when adminis-

tered following an anthracycline and concomitantly

with a taxane may be sufficient to achieve maximal

response rates.

Unique to our study is the high proportion of

patients who underwent lymph node sampling prior

to commencement of therapy. Thus, in contrast to

previous studies [16�22], in which only clinically

positive or suspicious lymph nodes were sampled,

our study provides a more accurate assessment of

axillary nodal status. We noted a very high rate

of axillary pCR (95%). As axillary pCR is considered

to be a very strong prognostic factor, our findings

further emphasize the importance of incorporating

trastuzumab into neo-adjuvant treatment in HER2

over-expressing breast cancer patients [5,6].

As reported in large phase III studies [12�15], the

addition of trastuzumab to chemotherapy was safe

and the toxicity profile of chemotherapy plus trastu-

zumab was comparative to chemotherapy alone both

in terms of hematological and cardiac toxicities.

It is important to note that a potential source of

bias is the manner by which patients obtained the

trastuzumab. As mentioned earlier, at the time of our

study trastuzumab was not yet reimbursed by all

insurers and therefore the drug was only adminis-

tered to those who could either afford to purchase

the drug, had appropriate insurance coverage or

whom were able to obtain funding for the drug via

charitable funds established for the specific purpose

of providing financial aid in purchasing new and

expensive biological agents. While certainly socio-

economic differences may exist between women who

had or did not have private insurance, women from

all socio-economic means could apply for assistance

from the charitable fund. It is also important to note

that in Israel hormone-replacement therapy was

readily available from all health providers thus

minimizing concern about the potential biological

impact of different levels of insurance.

While this study is retrospective, patients’ alloca-

tion was independent of clinical features and treat-

ment regimens were uniform. Indeed, the two

groups were well balanced for both patient and

tumor characteristics. As trastuzumab is now con-

sidered the standard of care in HER2-over expres-

sing breast cancer, it is unlikely that any further

prospective randomized study, comparing the effi-

cacy of chemotherapy alone to chemotherapy plus

trastuzumab will ever be conducted. Indeed, the

only published phase III study was terminated early

following efficacy analysis after only 23 patients were

treated with trastuzumab [16, Table IV]. Thus, our

study provides important comparative data regard-

ing the efficacy of trastuzumab in the neo-adjuvant

setting.

In conclusion, the addition of 12 weeks of neo-

adjuvant trastuzumab to a standard chemotherapy

regimen containing both an anthracycline and a

taxane is safe and highly active, and should be an

integral part of neo-adjuvant treatment in operable

HER2-over-expressing breast cancer patients.
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