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Abstract

Background: In Her2-positive advanced breast cancer, the upfront use of trastuzumab is well established. Upon
progression on first-line therapy, patients may be switched to lapatinib. Others however remain candidates for continued
antibody treatment (treatment beyond progression). Here, we aimed to identify factors predicting for activity of second-
line trastuzumab-based therapy.

Methods: Ninety-seven patients treated with > | line of trastuzumab-containing therapy were available for this analysis.
Her2-status was determined by immunohistochemistry and re-analyzed by FISH if a score of 2+ was gained. Time to
progression (TTP) on second-line therapy was defined as primary study endpoint. TTP and overall survival (OS) were
estimated using the Kaplan-Meier product limit method. Multivariate analyses (Cox proportional hazards model,
multinomial logistic regression) were applied in order to identify factors associated with TTP, response, OS, and
incidence of brain metastases. p values < 0.05 were considered to indicate statistical significance.

Results: Median TTP on second-line trastuzumab-based therapy was 7 months (95% CI 5.74-8.26), and 8 months (95%
Cl 6.25-9.74) on first-line, respectively (n.s.). In the multivariate models, none of the clinical or histopthological features
could reliably predict for activity of second-line trastuzumab-based treatment. OS was 43 months suggesting improved
survival in patients treated with trastuzumab in multiple-lines. A significant deterioration of cardiac function was observed
in three patients; 40.2% developed brain metastases while on second-line trastuzumab or thereafter.
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Conclusion: Trastuzumab beyond progression showed considerable activity. None of the variables investigated
correlated with activity of second-line therapy. In order to predict for activity of second-line trastuzumab, it appears
necessary to evaluate factors known to confer trastuzumab-resistance.

Background

Human epidermal growth factor receptor (Her) 2 (c-erb-
B2) is a member of the Her-family of transmembrane
receptor proteins [1]. As no ligand has been identified,
Her2 is believed to act mainly via amplification of signals
from other members of the Her-family (EGFR, Her3,
Her4) by forming heterodimers [2]. Key proteins involved
in Her2 signal-transduction include phosphatidyl-inosi-
tol (PI) 3 kinase and the ras/raf cascade. Ultimately, acti-
vation of those signalling pathways results in changes of
growth, differentiation, adhesion, apoptosis and angio-
genesis [3]. Her2 is overexpressed in approximately 15 -
20% of breast cancer cases, and several studies have
shown that this confers a more aggressive course of dis-
ease [4,5].

Trastuzumab (rhMab4D5) is a recombinant monoclonal
humanized antibody targeting the extracellular domain of
Her2. Different mechanisms of action have been sug-
gested. Trastuzumab inhibits downstream signalling path-
ways and blocks the shedding of Her2's extracellular
domain. It causes internalization and degradation of the
Her2 receptor protein, cell cycle arrest due to decreased
cyclin-dependent kinase-2 (CDK2) activity via p27 induc-
tion, and inhibition of DNA repair. Antibody dependent
cellular cytotoxicity (ADCC) apparently also plays a role
[6,7]. In addition, trastuzumab may sensitize tumour cells
to the cytotoxic effects of conventional chemotherapy [8].

Phase II clinical trials established the activity of trastuzu-
mab as single-agent in Her2-positive metastatic breast
cancer [9,10]. Randomized studies proved the combina-
tion of trastuzumab and taxanes superior in terms of
response, progression-free and overall survival over chem-
otherapy alone [11,12]. Accordingly, trastuzumab was
approved as first-line treatment of Her2-positive meta-
static breast cancer in combination with taxanes. How-
ever, primary resistance may occur and many tumours
who have initial response to trastuzumab will acquire sec-
ondary resistance within one year. Trastuzumab resistance
is likely multi-factorial, and no clinical surrogate is yet
available [7].

Upon progression on trastuzumab-based first-line treat-
ment, two options exist. Patients may be switched to lap-
atinib, a tyrosine-kinase inhibitor of EGFR and Her2,

alternatively they may continue on trastuzumab in com-
bination with capecitabine. Up until recently the latter
approach was supported by data from retrospective anal-
yses, prospective observations, and a small phase II trial
only [13-15], while other studies questioned the potential
benefit of treatment beyond progression [16]. In the
meantime, a randomized phase III study reported results,
suggesting that trastuzumab in combination with capecit-
abine is more active than chemotherapy alone upon pro-
gression on trastuzumab-based first-line treatment in
terms of response rate and progression-free survival [17].
In contrast, in a large randomized phase III study, lapat-
inib plus capecitabine was active upon trastuzumab fail-
ure, and patients on lapatinib had a significantly lower
incidence of brain metastases [18].

As of now, there are no means to prospectively define the
optimal treatment approach for the individual patient.
Therefore, we aimed to identify factors predicting for effi-
cacy of trastuzumab treatment beyond disease progres-
sion. Furthermore, we tried to identify characteristics
associated with early development of brain metastases, as
this population will potentially benefit most from lapat-
inib.

Methods

All patient data were collected at the Department of Med-
icine 1 and Cancer Centre, Clinical Division of Oncology,
at the Medical University of Vienna, Vienna, Austria. This
retrospective analysis was performed in accordance with
the ethical regulations of the Medical University of
Vienna.

Patients

Ninety-seven consecutive patients treated from 2001 until
2008 with a minimum of two lines of trastuzumab-based
therapy for metastatic disease were available for this anal-
ysis. All patients were suffering from histologically con-
firmed Her2-positive advanced breast cancer as defined
per immunohistochemistry (IHC 3+) or fluorescence in-
situ hybridization (FISH +). For baseline staging evalua-
tions all patients had CT-scan of the chest and abdomen,
mammography, and gynaecologic examination. Before
initiation of trastuzumab treatment, echocardiography
was mandatory, and patients with left ventricular ejection
fraction (LVEF) below 50% were excluded.
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Treatment plan and patient evaluation

Trastuzumab was administered at a dose of 8 mg/kg body
weight loading dose on the first day of treatment, fol-
lowed by 6 mg/kg body weight every three weeks thereaf-
ter [19]. Re-evaluation of patients' tumour status was
performed every three cycles of treatment with CT-scan of
the chest and abdomen with additional work up if indi-
cated. Echocardiography was repeated every 6 months or
immediately if symptoms of congestive heart failure
occurred. If a significant LVEF drop (> 10%) was observed
but LVEF remained > 50%, those intervals were shortened
to every 4 weeks according to our institution standards
[20].

Statistical analysis

Time to disease progression (TTP) on the second trastuzu-
mab-based regimen for metastatic disease was defined as
primary study endpoint. Secondary endpoints consisted
of response rate, time to progression on first-line trastuzu-
mab-based therapy, cardiac toxicity, incidence of brain-
metastases, and overall survival (OS). TTP was defined as
the interval from the first day of treatment until docu-
mented tumour progression. If a patient died without
proper restaging, TTP was measured to the first day of clin-
ical deterioration. OS was defined as the interval from the
first day of trastuzumab application until death of any
cause.

According to UICC criteria, complete response (CR) was
defined as disappearance of all measurable lesions for a
minimum of eight weeks. Partial response (PR) was
defined as 25% or more reduction in sum of products of
the greatest diameters of measurable lesions, no increase
of lesion size and no new lesions. Stable disease (SD) was
defined as less than 25% decrease and less than 25%
increase without the appearance of new lesions. Progres-
sive disease (PD) was defined as greater than 25% increase
in tumour size or the appearance of new lesions.

TTP and OS were estimated using the Kaplan-Meier prod-
uct-limit method. To test for differences between TTP
curves, the log-rank test was used. p values less than 0.05
were considered to indicate statistical significance. In the
univariate analysis of TTP, the following variables were
included: age > 65 years; age < 35 years; tumour stage at
primary diagnosis (localized versus metastatic); grading
(1,2 versus 3); histological subtype (ductal versus lobular
carcinoma); hormone receptor status (oestrogen and/or
progesterone receptor positive versus negative); metastatic
sites (non-visceral only versus visceral involvement);
number of metastatic sites (1 versus > 2; < 2 versus > 2);
time to disease recurrence < 12 months following primary
treatment; trastuzumab from diagnosis of metastatic dis-
ease; response (CR + PR) to first-line trastuzumab treat-
ment; and appearance of new metastatic sites upon

http://www.biomedcentral.com/1471-2407/9/367

progression on first-line trastuzumab. In the analysis of
factors predicting for OS, development of brain metas-
tases as well as early development of brain metastases (<
12 months after initiation of trastuzumab) were also
included.

A Cox proportional hazard model was applied as multi-
variate analysis to evaluate factors associated with OS and
TTP on second-line trastuzumab-based therapy. Variables
exhibiting significance (p < 0.05) or near significance (p <
0.08) at univariate analysis were included into the Cox
regression models. To evaluate variables associated with
treatment response to second-line trastuzumab-based
therapy as well as development of brain metastases, a
multinomial logistic regression model was used.

All statistics were calculated using statistical package for
the social sciences (SPSS®) 16.0 software (SPSS Inc., Chi-
cago, IL, USA). Data were analyzed as of February 2009.

Results

Patient characteristics

Ninety-seven consecutive patients, all female, suffering
from Her2-positive metastatic breast cancer were identi-
fied from a breast cancer database. Median age was 51
years, range 25-78 years. Table 1 lists the characteristics of
all patients included. 83.5% had invasive ductal carci-
noma; 42.3% had positive hormone receptor status, and
66% grade 3 tumours. Sixty-seven patients (69.1%) were
treated with adjuvant chemotherapy. Adjuvant endocrine
therapy was administered in 26 patients (26.8%), and a
further 9.3% received adjuvant trastuzumab for a median
duration of 10 months (range 4-24 months). Twenty-four
patients (24.7%) had metastatic disease at the time of pri-
mary diagnosis. Median time to disease recurrence in the
reminders was 24.5 months (range 4-210 months). In
75.3%, visceral metastases were present upon initiation of
palliative trastuzumab.

36.8% had received prior non-trastuzumab-containing
therapy for metastatic disease, and 14.4% were switched
to lapatinib after a median of four (range 2-9 lines) trastu-
zumab-based treatment lines.

Response and survival data

Follow-up data is available on all but one patient. Median
time of observation was 24 months (range 8-84 months).
Median TTP (second-line trastuzumab-based therapy)
was 7 months (95% CI 5.74-8.26), and 8 months (95% CI
6.25-9.74) on first-line trastuzumab-based therapy
respectively (n.s.). Clinical benefit rate (CBR) in the sec-
ond-line setting was 66% (CR 7.2%, PR 23.7%, SD > 6
months 35.1%), as compared to CBR 83.5% (CR 9.3%,
PR 35.1%, SD > 6 months 39.2%) on first-line. Efficacy
endpoints are summarized in Table 2.
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Table I: Patient characteristics
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Table I: Patient characteristics (Continued)

Characteristics Patients Second-line combination

Entered n=97 Taxanes 21
Median age (years) (range) 46 (25-73) Vinorelbine 30
Age > 65 years 12 (12.4%) Capecitabine 23
Age < 35 years 8 (8.2%) Gemcitabine 12
Stage 4 at primary diagnosis 24 (24.7%) Anthracyclines 5
Grade 3 tumour 64 (66%) Others 6
Invasive ductal carcinoma 81 (83.5%) Trastuzumab beyond second-line 55 (56.7%)
Positive hormone receptor status 41 (42.3%) Lapatinib beyond second-line trastuzumab 14 (14.4%)

Visceral metastases

73 (75.3%)

Median metastatic sites (sites) (range) 2 (1-6)
Lung 36
Liver 49
Bones 51
Lymph nodes 37
Soft tissue 48
Skin 16
Brain (before trastuzumab) |
Others 3

More than one metastatic site

78 (80.4%)

Adjuvant chemotherapy 67 (69.1%)
Anthracyycline based 37
Taxane based 2
Combination anthracyclines/taxanes 22

Adjuvant endocrine therapy

26 (26.8%)

Adjuvant trastuzumab 9 (9.3%)
Duration adjuvant trastuzumab (median) (range) 10 (4-24)
Palliative treatment other than trastuzumab-based 35 (36.1%)

Patients with more than one metastatic site (TTP median
6 months [95% CI 5.06-6.98] versus 14 months [95% CI
9.56-18.44]; p = 0.013) as well as those with more than
two metastatic sites (TTP median 6 months [95% CI 5.09-
6.91] versus 8 months [95% CI 5.58-10.42]; p = 0.003)
exhibited a significantly shorter time to disease progres-
sion (Table 3). Therefore, one versus more than one met-
astatic site appeared superior in prediction for TTP on
second-line trastuzumab-based therapy and was included
into the multivariate model. Furthermore, patients
younger than 35 years derived less benefit from a second
trastuzumab-based treatment line (TTP median 3 months
[95% CI 0.23-5.77] versus 7 [95% CI 5.67-8.33]; 0.026)
(Table 3). In the multivariate model however, only one
versus more than one metastatic site was significantly
associated with TTP (p = 0.037, OR 1.91, 95% CI 0.25-
1.12) (Table 4).

None of the variables could independently predict for
response to second-line trastuzumab-based therapy in the
multinomial logistic regression model (Table 5).

One patient had brain metastases before initiation of anti-
body therapy, and thirty-nine (40.2%) developed brain
metastases either on second-line treatment or thereafter.
Median time to development of brain metastases was 21
months (95% CI 13.86-28.14), and overall survival fol-
lowing local treatment for brain metastases was 10
months (95% CI 4.53-15.47).

Twelve patients (30.8%) developed brain metastases in
less than one year. In this subgroup, early development of
brain metastases was significantly associated with the
presence of visceral metastases in a multinomial logistic
regression model (p = 0.012).
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OS in the entire population was 43 months (95% CI
37.92-48.09) (Figure 1). In the univariate analyses (log-
rank test), the following variables were significantly or
near significantly associated with shorter OS: Age younger
than 35 years (p = 0.023), hormone receptor negative dis-
ease (p = 0.075), more than one metastatic site (p =
0.003), more than two metastatic sites (p = 0.010), devel-
opment of brain metastases (p = 0.010) as well as early
development of brain metastases (p < 0.001) (Table 6). In
the Cox regression model, only early development of
brain metastases (p = 0.001) retained significance (Table
7).

Cardiac Toxicity

As outlined above, echocardiography was performed
every six months longest, with shorter intervals if indi-
cated. A significant drop in LVEF was observed in three
patients (3.1%); in one patient, trastuzumab had to be

Table 2: Efficacy endpoints

http://www.biomedcentral.com/1471-2407/9/367

stopped temporarily and in another discontinued perma-
nently due to symptomatic congestive heart failure (Table
2).

In none of the patients switched to lapatinib, a significant
drop in LVEF or congestive heart failure was observed.

Discussion

Concerning further therapy upon progression on trastuzu-
mab-based first-line treatment, two options are available:
Continuation of trastuzumab plus capecitabine, or a
switch to the tyrosine kinase inhibitor lapatinib, again in
combination with capecitabine. Both strategies are sup-
ported by data from prospective randomized phase III tri-
als [17,18], although a continuation of trastuzumab is
potentially less well established, as the trial conducted by
the German Breast Group (GBG-26) had to be closed early
due to poor accrual [17]. Still, given those results as well

Endpoint

Median time to progression second-line trastuzumab-based therapy (months)

Results

7 (95% Cl 5.74-8.26)

Median time to progression first-line trastuzumab-based therapy (months)

8 (95% Cl 6.26-9.74)

Overall survival (months)

43 (95% CI 37,92-48.09)

Response rate second-line trastuzumab-based therapy (%) 30.9%
Comeplete response (%) 7.2%
Partial response (%) 23.7%
Response rate first-line trastuzumab-based therapy (%) 44.3%
Complete response (%) 9.3%
Partial response (%) 35.1%
Clinical Benefit second-line trastuzumab-based therapy (%) 66%
Clinical Benefit first-line trastuzumab-based therapy (%) 83.5%

Time to development of brain metastases (months)

21 (95% Cl 13.86-28.14)

Overall survival after treatment for brain metastases (months)

10 (95% CI 4.53-15.47)

Drop of left ventricular ejection fraction (LVEF) > 10% (n=)

Symptomatic congestive heart failure (n=)
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Table 3: Univariate analysis: Influence on TTP (second-line)
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Factor Median TTP (months) 95% ClI SE* p=

Age > 65 years 6vs.7 0.00-12.79 336 ns.
5.64-8.36 0.7

Age < 35 years 3vs.7 0.23-5.77 141  0.026

5.67-8.33 0.68

Stage 4 at diagnosis

6vs.7 5.52-8.48 0.76 n.s.
0.39-11.61 286

Grading (1,2 versus 3) 6vs. 7 2.98-9.03 1.54 ns.
5.6-8.41 0.72
Histologic type (ductal versus lobular) 6vs. 9 4.86-7.14 0.58 nus.

0.71-17.29 423

Positive hormone receptor status

6vs. 7 4.64-7.36 0.7 n.s.
5.14-8.86 0.95

Time to recurrence < |12 months 6vs.7 3.41-8.59 1.32  ns.
5.61-8.39 0.71
Visceral metastases 7 vs. 6 5.76-8.25 0.64 n.s.

0.00-12.53  3.33

Number of metastatic sites (I versus 2) 14 vs. 6 9.56-1844 226 0.013
5.02-6.98 0.5
Number of metastatic sites (2 versus > 2) 8vs. 6 5.58-1042 1.23 0.003

5.09-6.91 0.47

Trastuzumab from first-line palliative treatment

7vs. 6 5.62-8.38 071 ns.
4.65-7.35 0.69

Response to first-line trastuzumab-based therapy 7vs. 6 5.25-8.75 0.89 ns.
3.77-8.23 1.14
New metastatic sites at progression upon first-line trastuzumab-based therapy 7vs. 6 4.81-9.19 1.12  ns.

5.12-6.88 0.45

* SE: Standard error

Table 4: Cox proportional hazard model: Prediction of TTP
(second-line)

Factor p= OR* 95% ClI

Age < 35 years 0.097 0.53 1.04-3.5

Number of metastatic sites (I versus2)  0.037 191 0.25-1.12

* OR: Odds ratio

as data from a number of smaller studies, it is safe to
assume that there is a benefit from trastuzumab beyond
progression in a subset of patients. Therefore, identifying
this group in order to optimize palliative treatment for the
individual patient is important.

Our retrospective data again suggest that continuation of
trastuzumab is a valuable salvage option for patients with
advanced Her2-positive breast cancer, whose disease has
progressed on prior trastuzumab-based regimens. TTP on
trastuzumab-based second-line treatment was 7 months
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Table 5: Multinomial logistic regression model: Prediction of Response (second-line)

Factor p= OR 95% ClI
Age > 65 years 0.392 0.35 0.03-3.9
Age < 35 years 0.363 0.3 0.02-4
Stage 4 at diagnosis 0.839 .11 0.4-3.14
Grading (1,2 versus 3) 0.268 0.37 0.06-2.15
Histologic type (ductal versus lobular) 0.19 0.17 0.01-2.41
Positive hormone receptor status 0.534 0.63 0.15-2.68
Time to recurrence < 12 months 0.332 0.43 0.08-2.36
Visceral metastases 0.147 3.96 0.62-25-35
Number of metastatic sites (I versus 2) 0.318 0.36 0.05-2.64
Number of metastatic sites (2 versus > 2) 0.792 0.82 0.18-3.63
Trastuzumab from first-line palliative treatment 0.886 1.15 0.18-7.53
Response to fist-line trastuzumab-based therapy 0.201 2.58 0.6-11-08
New metastatic sites at progression upon first-line trastuzumab-based therapy 0.953 1.04 0.28-3.84

median, and therefore not significantly different from the
first-line setting. Those data are well in line with results
from different other studies as well as the single phase I1I
trial. In those studies, a TTP of 6 - 8 months on second-
line trastuzumab-based therapy was reported [13-17].

OS in our population was 43 months. This is considerably
longer than survival reported in the pivotal trastuzumab
plus taxane trials [11,12], and might even hint at a sur-
vival-benefit associated with the use of trastuzumab in
multiple lines. Still, as this is a retrospective analysis, data
need to be interpreted with caution: Only patients who
had at least two lines of trastuzumab-based therapy were
included. Outcome for patients with rapid progression,
not eligible for second-line trastuzumab-based treatment,
therefore is not reported. This potential bias might well
add to the magnitude of the observed survival advantage.

Our study was initiated in order to identify readily availa-
ble clinical or histopathological factors potentially pre-
dicting for activity of trastuzumab treatment beyond
progression. Furthermore, we tried to establish risk factors
for early development of brain metastasis, as this sub-
group might derive the largest benefit from lapatinib due
to the fact that tyrosine-kinase inhibitors may pass an
intact blood-brain-barrier. In the trial conducted by Geyer

et al, this assumption was proven correct by the signifi-
cantly lower number of brain metastases observed in the
lapatinib group [18].

In the Cox regression model, only the number of meta-
static sites (one versus more than one) was significantly
associated with time to disease progression on second-
line trastuzumab-based therapy. Trastuzumab therefore
seemed to have higher activity in patients with a low
number of metastases. While this could indicate a higher
responsiveness of certain tumours to trastuzumab, it is
rather possible that this result would have been observed
with lapatinib or chemotherapy alone as well. In the
multinomial logistic regression model none of the factors
analysed predicted for response to second-line trastuzu-
mab-based therapy.

Therefore, readily available clinical and histopathological
features are not sufficient as decision-making tool, and
further exploration of mechanisms of resistance against
trastuzumab is warranted. Patients should be tested for
truncated Her2, as trastuzumab cannot bind to Her2-mol-
ecules lacking the extracellular domain [7]. Furthermore,
two recently presented studies suggested that tumours
with PTEN-loss and activated PI3-Kinase pathways may
be less responsive to trastuzumab [21,22].

Page 7 of 10

(page number not for citation purposes)



BMC Cancer 2009, 9:367 http://www.biomedcentral.com/1471-2407/9/367

Table 6: Univariate analysis: Influence on OS

Factor Median TTP (months) 95% ClI SE p=

Age > 65 years 44 vs. 43 29.77-58.23 7.26 n.s.
37.75-48.25 2.68

Age < 35 years 25 vs. 44 7.32-42.68 9.02 0.023
38.5-49.5 2.81
Stage 4 at diagnosis 43 vs. 39 37.74-48.26 2.69 n.s.

25.96-52.04 6.66

Grading (1,2 versus 3) 43 vs. 43 31.94-54.06 5.64 n.s.
37.38-48.72 2.92

Histologic type (ductal versus lobular) 43 vs. 52 38.35-47.65 237 n.s.
8.41-95.6 2224
Positive hormone receptor status 47 vs. 39 384-55.61 439 0.075

31.95-46.05 5.6

Time to recurrence < 12 months 46 vs. 42 41.52-50.48 2.29 ns.
35.7-48.3 321

Visceral metastases 40 vs. 53 33.82-46.18 3.16 ns.
42-62 5.1

Number of metastatic sites (I versus 2) NR* vs. 37 na$ na$ 0.003

27.35-46.65 4.92

Number of metastatic sites (2 versus > 2) 46 vs. 33 35.24-56.73 5.49 0.010
19.56-46.44 6.86

Trastuzumab from first-line palliative treatment 43 vs. 33 38.65-47.35 22 ns.
9.02-57.98 12.75

Response to first-line trastuzumab-based therapy 46 vs. 42 36.33-55.67 4.94 ns.
34.5-49.5 3.82

New metastatic sites at progression upon first-line trastuzumab-based therapy 44 vs. 42 26.05-61.96 9.16 n.s.
29.69-54.31 6.38

Development of brain metastases 33 vs. 46 32.81-43.19 2.9 0.010

40.32-51.69 52

Early development of brain metastases 19 vs. 44 9.11-28.89 2 <0.001
40.07-47.93 5.05

* NR: Median OS not reached
§na: Not available

As for overall survival, early development of brain metas-  Table 7: Cox proportional hazard model: Prediction of OS
tases predicted for inferior outcome. In a logistic regres-

. . . Factor p= OR 95% ClI
sion model, development of brain metastases in less than
12 months was significantly associated with presence of Age < 35 years 0083 21 091486

visceral metastases. This however is a feature of most
Her2-positive tumours, therefore, this subgroup awaits Positive hormone receptor status 0075 061  0.36-1.05
further specification.

Number of metastatic sites (I versus 2) 0.053 42 1.74-1.01
Conclusion
In conclusion, this retrospective analysis indicates that Development of brain metastases 0292 135 077237
trastuzumab has increased overall survival in Her2-posi-
. . . Early development of brain metastases 0.001 3.83 1.68-8.71
tive patients. Furthermore, those results again suggest that
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Kaplan Meier estimation of overall survival (months). n = 97

a subgroup of patient may benefit from trastuzumab-
treatment in multiple lines. On the other hand, we were
not able to identify clinical or histopathological markers
predicting for activity of this approach. Therefore, identi-
fication of other biomarkers of trastuzumab resistance is
urgently warranted.

Competing interests

Rupert Bartsch has received lecture honoraria from Glaxo
Smith Kline and Hoffmann-La Roche. Michael Gnant has
received lecture honoraria from Hoffmann-La Roche.
Christoph C. Zielinski has received lecture honoraria from
Hoffmann-La Roche. Guenther G. Steger has received lec-
ture honoraria from Glaxo Smith Kline and Hoffmann-La
Roche. No further potential conflicts of interest are to be
disclosed.

Authors' contributions

RB contributed the idea for this trial, participated in the
design and drafted the manuscript, CD participated in the
statistical analysis and helped drafting the manuscript, UP
and CW both participated in the collection of patient
data, PD and AR helped in the design and coordination of
the study, ZB and MR did the immunohistochemical
staining and FISH analyses, SG recorded patient data, RM
assisted in the statistical analysis, MG revised the manu-
script critically, CZ and GS participated in the design of
the study, the coordination and assisted with drafting the
manuscript.

All authors have read and approved the final manuscript.

Page 9 of 10

(page number not for citation purposes)



BMC Cancer 2009, 9:367

Acknowledgements

Apart from the authors, the following persons contributed to this study:
Mrs. Heidrun Forstner, Mrs. Margarete Duenzinger, and Mrs. Gudrun
Boeckmann.

Payment of the article processing charge for this manuscript (Euro 1,150 +
15% VAT) was supported by an unrestricted grant from Roche Austria
GmbH, Vienna, Austria.

References

Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE,
Levin W], Stuart SG, Udove , Ullrich A: Studies of the HER-2/Neu
Proto-oncogene in human breast and ovarian cancer. Science
1989, 244:707-712.

Graus-Porta D, Beerli RR, Daly JM, Hynes NE: ErbB-2, the pre-
ferred heterodimerization partner of all ErbB receptors, is a
mediator of lateral signalling. EMBO | 1997, 16:1647-1655.
Bose R, Molina H, Patterson AS, Bitok JK, Periaswamy B, Bader |S,
Pandey A, Cole PA: Phosphorylation analysis of Her2/neu sign-
aling and inhibition. Proc Natl Acad Sci USA 2006, 103:9773-9778.
Slamon D), Clark GM, Wong SG, Levin W/, Ullrich A, McGuire WL:
Human breast cancer: correlation of relapse and survival
with amplification of the HER2/neu oncogene. Science (Wash.
DC) 1987, 235:177-182.

Paik S, Hazan R, Fisher ER, Sass RE, Fisher B, Redmond C, Schlessinger
J, Lippman ME, King CR: Pathologic finding from the National
Surgical Adjuvant Breast and Bowel Project: prognostic sig-
nificance of erbB-2 protein expression in primary breast can-
cer. | Clin Oncol 1990, 8:103-112.

Clynes RA, Towers TL, Presta LG, Ravetch JV: Inhibitory Fc recep-
tors modulate in vivo cytotoxicity against tumor targets. Nat
Med 2006, 6:443.

Nahta R, Yu D, Hung MC, Hortobagyi GN, Esteva FJ: Mechanisms
of Disease: Understanding resistance to Her2-targeted ther-
apy in human breast cancer. Nature Clinical Practice Oncology
2006, 3:269-280.

Pegram M, Hsu S, Lewis G, Pietras R, Beryt M, Sliwkowski M, Coombs
D, Baly D, Kabbinavar F, Slamon D: Inhibitory effects of combina-
tions of HER-2/neu antibody and chemotherapeutic agents
used for treatment of human breast cancers. Oncogene 1999,
18:2241-2251.

Baselga J, Tripathy D, Mendelsohn ], Baughman S, Benz CC, Dantis L,
Sklarin NT, Seidman AD, Hudis CA, Moore |, Rosen PP, Twaddell T,
Henderson IC, Norton L: Phase Il study of weekly intravenous
recombinant humanized anti-pl85HER2 monoclonal anti-
body in patients ith JER2/neu-overexpressing metastatic
breast cancer. | Clin Oncol 1996, 14:737-744.

Cobleigh MA, Vogel CL, Tripathy D, Robert NJ, Scholl S, Fehren-
bacher L, Wolter JM, Paton V, Shak S, Lieberman G, Slamon DJ: Mul-
tinational study of the efficacy and safety of humanized anti-
HER2 monoclonal antibody in women who have have HER2-
overexpressing metastatic breast cancer that has pro-
gressed after chemotherapy for metastatic disease. | Clin
Oncol 1999, 17:2639-2648.

Slamon D), Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A,
Fleming T, Eiermann W, Wolter ], Pegram M, Baselga ), Norton L:
Use of chemotherapy plus a monoclonal antibody against
HER2 for metastatic breast cancer that overexpresses
HER2. N Engl | Med 2001, 344:783-792.

Marty M, Cognetti F, Maraninchi D, Snyder R, Mauriac L, Tubiana-
Hulin M, Chan S, Grimes D, Anton A, Lluch A, Kennedy J, O'Byrne K,
Conte P, Green M, Ward C, Mayne K, Extra JM: Efficacy and safety
of trastuzumab combined with docetaxel in patients with
human epidermal growth factor receptor 2-positive meta-
static breast cancer administered as first-line treatment:
results of a randomized phase Il trial by the M77001 Study
Group. | Clin Oncol 2005, 23:4265-4274.

Fountzilas G, Razis E, Tsavdaridis D, Karina M, Labropoulos S, Chris-
todoulou C, Mavroudis D, Gogas H, Georgoulias V, Skarlos D: Con-
tinuation of trastuzumab beyond disease progression is
feasible and safe in patients with metastatic breast cancer: a
retrospective analysis of 80 cases by the Hellenic coopera-
tive oncology group. Clin Breast Cancer 2003, 4:120-125.

20.

21.

22.

http://www.biomedcentral.com/1471-2407/9/367

Tripathy D, Slamon D, Cobleigh M, Arnold A, Saleh M, Mortimer JE,
Murphy M, Stewart SJ: Safety of treatment of metastatic breast
cancer with trastuzumab beyond disease progression. | Clin
Oncol 2004, 6:1063-1070.

Bartsch R, Wenzel C, Altorjai G, Pluschnig U, Rudas M, Mader RM,
Gnant M, Zielinski CC, Steger GG: Capecitabine and trastuzu-
mab in heavily pretreated metastatic breast cancer. | Clin
Oncol 2007, 25:3853-2858.

Montemurro F, Redana S, Viale G, Sanna G, Donadio M, Valabrega G,
del Curto B, Bottini A, Botti G, Paolo dei Tos A, Jacomuzzi ME, Di
Bonito M, Danese S, Clavarezza M, Kulka ], Di Palma S, Durando A,
Sapino A, Aglietta M: Retrospective evaluation of clinical out-
comes in patients with HER2-positive advanced breast can-
cer progressing on trastuzumab-based therapy in the pre-
lapatinib era. Clin Breast Cancer 2008, 8:436-442.

von Minckwitz G, du Bois A, Schmidt M, Maass N, Cufer T, de Jongh
FE, Maartense E, Zielinski C, Kaufmann M, Bauer W, Baumann KH,
Clemens MR, Duerr R, Uleer C, Andersson M, Stein RC, Nekljudova
V, Loibl S: Trastuzumab beyond progression in human epider-
mal growth factor receptor 2-positive advanced breast can-
cer: a german breast group 26/breast international group 03-
05 study. J Clin Oncol 2009, 27:1999-2006.

Geyer CE, Forster |, Lindquist D, Chan S, Romieu CG, Pienkowski T,
Jagiello-Gruszfeld A, Crown |, Chan A, Kaufman B, Skarlos D, Cam-
pone M, Davidson N, Berger M, Oliva C, Rubin SD, Stein S, Cameron
D: Lapatinib plus capecitabine for HER2-positive advanced
breast cancer. N Engl | Med 2006, 355:2733-2743.

Leyland-Jones B, Gelmon K, Ayoub JP, Arnold A, Verma S, Dias R,
Ghahramani P: Pharmacokinetics, safety, and efficacy of tras-
tuzumab administered every three weeks in combination
with paclitaxel. | Clin Oncol 2003, 21:3965-3971.

Keefe D: Trastuzumab-associated cardiotoxicity. Cancer 2002,
95:1592-1600.

Migliaccio |, Gutierrez MC, Wu MF, Wong H, Pavlick A, Hilsenbeck
SG, Horlings HM, Rimawi M, Berns K, Bernards R, Osborne CK,
Artega CL, Chang JC: PI3 kinase activation and response to
trastuzumab or lapatinib in HER-2 overexpressing locally
advanced breast cancer (LABC). Cancer Res 2009, 69(Suppl
2):. abstract 34

O'Brien NA, Browne BC, Chow L, Ginther C, Bensadigh B, Arboleda
J, Duffy M), Crown J, O'Donovan N, Slamon DJ: The role of recep-
tor tyrosine kinase and activated PI3K signaling in response/
resistance to HER-2 targeted therapy. Cancer Res 2009,
69(Suppl 2):. abstract 2013

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/9/367/pre

pub

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for

disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 10 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2470152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2470152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9130710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9130710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9130710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16785428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16785428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1967301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1967301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1967301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16683005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16683005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16683005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10327070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10327070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8622019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8622019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8622019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10561337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10561337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10561337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11248153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11248153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11248153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15911866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15911866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15911866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12864940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12864940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12864940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17679724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17679724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18952558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18952558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18952558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19289619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19289619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19289619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12237930
http://www.biomedcentral.com/1471-2407/9/367/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Treatment plan and patient evaluation
	Statistical analysis

	Results
	Patient characteristics
	Response and survival data
	Cardiac Toxicity

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

