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ABSTRACT

Background. Survival of patients with human epidermal growth
receptor 2 (HER2)-positive metastatic breast cancer (MBC) has
improved dramatically since trastuzumab has become available,
although the disease eventually progresses in most patients.
This study investigates the outcome (overall survival [OS] and
time to next treatment [TNT]) in MBC patients pretreated with
trastuzumab in the adjuvant setting (TP-group) compared with
trastuzumab-na€ıve patients (TN-group) in order to investigate
the possibility of trastuzumab resistance.
Patients and Methods. Patients treated with first-line HER2-tar-
geted-containing chemotherapy were eligible for the study. A
power analysis was performed to estimate the minimum size of
the TP-group. OS and TNT were estimated using Kaplan-Meier
curves andmultivariable Cox proportional hazards models.
Results. Between January 1, 2000, and June 1, 2014, 469
patients were included, of whom 82 were in the TP-group and

387 were in the TN-group. Median OS and TNT were signifi-
cantly worse in the TP-group compared with the TN-group (17
vs. 30 months, adjusted hazard ratio [HR] 1.84 [1.15–2.96],
p 5 .01 and 7 vs. 13 months, adjusted HR 1.65 [1.06–2.58],
p 5 .03) after adjustment for age, year of diagnosis, disease-
free interval, hormone receptor status, metastatic site, and
cytotoxic regimens.
Conclusion. First-line trastuzumab-containing treatment regi-
mens are less effective in patients with failure of adjuvant
trastuzumab compared with trastuzumab-na€ıve patients and
might be due to trastuzumab resistance. The impact of tras-
tuzumab resistance on the response on dual HER2 blockade
with trastuzumab and pertuzumab and how resistance mech-
anisms can be used in the optimization of HER2-targeted
treatment lines need further investigation. The Oncologist
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Implications for Practice: Evidence on the efficacy of palliative trastuzumab-based therapy after failure of trastuzumab in the
adjuvant setting is limited because of a minority of patients treated with adjuvant trastuzumab in clinical trials. In this study, less
clinical benefit of palliative trastuzumab-based therapy was observed in patients relapsing after adjuvant trastuzumab compared
with no adjuvant trastuzumab treatment. Subgroup analyses and multivariable analyses revealed that this was independent of
possible confounding factors, including adjuvant taxane-treatment. This might suggest a clinically meaningful impaired efficacy of
trastuzumab after previous, in this case adjuvant, trastuzumab therapy. These results could have implications for treatment
decision-making after short progression-free intervals on trastuzumab-containing regimens in the palliative setting.

INTRODUCTION

Survival of patients with human epidermal growth receptor 2
(HER2)-positive breast cancer has dramatically improved since
trastuzumab has become available in both the (neo)adjuvant and
palliative settings [1–3]. In the advanced setting, trastuzumab-

based therapy is the cornerstone of antitumor treatment.
Although significant improvement of survival has been reached
with this strategy, most metastatic breast cancer (MBC) patients
will eventually develop progressive disease. This might be due to
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resistance against chemotherapy but might also be partly
explained by resistance against trastuzumab, for example, due to
previous exposure to trastuzumab in the adjuvant setting. Recog-
nizing patients with (acquired) trastuzumab resistance could be
of value to prevent unnecessary trastuzumab administrations,
thus reducing costs and further stressing the need for developing
new anti-HER2 treatment strategies.

In case acquired resistance to trastuzumab after previous
exposure plays a role, it could be hypothesized that patients
with prior exposure to adjuvant trastuzumab will have less clini-
cal benefit from first-line palliative trastuzumab-treatment
compared with trastuzumab-na€ıve patients. A possible way to
study this might be comparing long-term outcome between
patients pretreated with trastuzumab and patients without
previous trastuzumab. However, studies investigating this issue
have shown conflicting results [4–7], possibly due to small
numbers of patients [4, 5], low numbers of events [6, 7], or
short duration of follow-up [7].We have therefore performed a
retrospective study to compare the efficacy of first-line HER2-
targeted-containing chemotherapy between patients who did
or did not undergo adjuvant trastuzumab-based treatment in a
large number of patients, determined by a power analysis cal-
culated prior to the start of the study, thereby guaranteeing a
sufficient number of events (deaths). Detailed information on
previous systemic treatment was collected, and the influence
of clinical prognostic parameters on the efficacy of retreatment
with HER2-targeted-containing treatment schedules/therapy in
palliative setting was determined.

MATERIALS AND METHODS

Study Design
Consecutive patients who had received at least one dose of
first-line HER2-targeted-containing chemotherapy because of
HER2-positive MBC from January 1, 2000, to June 1, 2014, at
seven hospitals in The Netherlands were eligible for the present
study and retrospectively identified. Any first-line HER2-tar-
geted-containing chemotherapy was allowed, irrespective of
the anti-HER2 agent. Patients were excluded in case of patho-
logically proven HER2-negative MBC, incomplete clinical data in
the patient record, or a second active malignancy in the 5 years
prior to the initial breast cancer diagnosis. Only patients with
combined chemotherapy and HER2-targeted therapy as first-
line regimen were included because of two reasons. First, the
beneficial effect of trastuzumab addition to first-line chemo-
therapy has been more pronounced than the beneficial effect
of trastuzumab addition to palliative endocrine therapy. Sec-
ond, the combination of an anti-HER2 agent with chemother-
apy is independent of the hormone receptor status and thus
allows a larger population to be investigated.

Patients were divided into two groups: the trastuzumab
pretreated (TP)-group, consisting of patients who were treated
with adjuvant trastuzumab in the past and the trastuzumab-
na€ıve (TN)-group, consisting of patients who were not treated
with trastuzumab before the diagnosis of MBC. Patients in the
TN-group had either relapsed after stage I–III primary breast
cancer or presented with de novo stage IV disease. Because
previous studies reported that the presentation with primary
metastatic disease does not affect long-term outcomes, these
patients were pooled [4, 6]. The retrospective review of

electronic patient records for the purpose of this study was
approved by the central ethical review board (METC 15-046) in
addition to the permission of omitting written informed
consent.

Data Collection
Trained investigators searched electronic medical records for
patient and tumor characteristics, treatment patterns, and loca-
tion of metastases. The end of follow-up was January 1, 2015.
HER2 receptor status was locally determined using immunohis-
tochemistry (IHC) on the primary tumor or on a metastatic
lesion if available. Tumors were classified as HER2-positive if
there was 31 staining on IHC or 21 staining confirmed with
gene amplification by CISH/FISH in at least 10% of the tumor
cells. Hormone receptors were locally tested, and estrogen
receptor (ER)-/progesterone receptor (PR)-positive MBC was
defined as �10% of the primary breast tumor cells showing
positive nuclear staining of estrogen and/or progesterone
receptor. In case a biopsy had been performed from a meta-
static lesion, the hormone receptor status was based on this
material obtained by the biopsy. Tumor grade was determined
on the primary breast tumor using the Bloom-Richardson grad-
ing system [8]. Tumor stage at initial presentation was scored
using the seventh edition of the TNM classification for breast
cancer [9]. At start of first-line HER2-targeted-containing chem-
otherapy, all radiological detectable sites of distant metastases
per patient were described, that is, bone, visceral (liver, lung,
and other intestinal sites), central nervous system, skin, or
lymph nodes.

Statistical Analyses
A power analysis was performed to determine the required
number of patients to detect a clinically relevant difference in
survival between the TP-group and the TN-group, assuming
that this difference is present. A hazard ratio (HR) of 1.47 for
overall survival (OS) was assumed based on a study that
reported impaired OS for patients in the TP-group compared
with the TN-group [4]. This study was chosen for the power
analysis because other studies investigating this subject were
not available at the start of this study. With a power of 80%, a
two-sided significance level of 5%, and a survival rate of 40% at
the end of follow-up in the TP group (based on the median
duration of follow up in our study), approximately 100 patients
in the TP-group were needed to detect an HR of 1.47 for OS in
the TP-group compared with the TN group. Based on the inci-
dence of MBC, the patients of seven regional hospitals were
included in this study.

Continuous variables were described using medians and
interquartile ranges. Categorical variables were described
using percentages. Patient characteristics were compared
between the TP-group and the TN-group using Mann-
Whitney tests for continuous variables, Fisher’s exact tests
for categorical variables with two categories, and chi-square
tests for categorical variables with more than 2 categories.
The primary study endpoint was OS after start of first-line
chemotherapy. OS was defined as the time between start of
first-line HER2-targeted-containing chemotherapy and death
of any cause. Patients were censored on January 1, 2015.
The secondary study endpoint was time to next treatment
(TNT), which was defined as the time between the start of
first-line HER2-targeted-containing chemotherapy and the
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Table 1. Patient characteristics

Characteristics, n (%) TN-group (n 5 387) TP-group (n 5 82) p value

Age in years (range) 51.5 (25–84) 48.3 (24–72) .02

Diagnosis before 2006 241 (62.3) 21 (25.6) <.001

Hormone receptor status

Positive 223 (57.6) 45 (54.9) .72

Negative 163 (42.1) 37 (44.6)

Unknown 1 (0.3) 0

Tumor stage <.001

I 53 (13.7) 3 (3.7)

II 120 (31.0) 40 (48.8)

III 80 (20.7) 39 (47.6)

IV 119 (30.7) 0

Unknown 15 (3.9) 0

Nuclear grade .31

I or II 95 (24.5) 19 (23.2)

III 160 (41.3) 44 (53.7)

Unknown 132 (34.1) 19 (23.2)

Adjuvant chemotherapy <.001

None 228 (58.9) 0

Anthracyclines only 125 (32.3) 10 (12.2)

Taxanes only 1 (0.3) 3 (3.7)

Anthracyclines1 taxanes 14 (3.6) 69 (84.1)

Other 19 (4.9) 0

Previous palliative endocrine therapy 82 (21.2) 17 (20.7) 1.00

First metastatic site <.001b

Bone 67 (17.3) 17 (20.7)

Viscerala 79 (20.4) 11 (13.4)

CNS 2 (0.5) 9 (11.0)

Other 41 (10.6) 10 (12.2)

Multiple sites 198 (51.2) 35 (42.7)

Number of metastatic sites .47

1 189 (48.8) 47 (57.3)

2 122 (31.5) 20 (24.4)

3 52 (13.4) 9 (11.0)

>3 24 (6.2) 6 (7.3)

Disease-free intervalc (IQR) (months) 42 (20–78) 33.5 (21–46) .03

First-line HER2-targeted agent(s) <.001

Trastuzumab monotherapy 366 (94.6) 66 (80.5)

Lapatinib 10 (2.6) 9 (11.0)

Trastuzumab1 pertuzumab 11 (2.8) 7 (8.5)

First line chemotherapy used in combination with HER2 targeted agent <.001

Anthracyclines 7 (1.8) 0

Taxanes 317 (81.9) 51 (62.2)

Capecitabine 14 (3.6) 17 (20.7)

Vinorelbine 29 (7.5) 11 (13.4)

Other 9 (2.3) 2 (2.4)

Unknown 11 (2.8) 1 (1.2)

Overall duration of palliative trastuzumab (IQR) (months) 16 (8–32) 9.4 (4–19) <.001

Unknown 16 4
aVisceral: Liver, lung, pleural, peritoneal, pericardial, intestinal.
bWhen removing the patients with CNS-located metastases from this analysis, the first metastatic site did not differ between the groups (p 5 .43).
cDisease-free interval: time from initial breast cancer diagnosis until the diagnosis of distant metastases.
Abbreviations: CNS, central nervous system; HER2, human epidermal growth receptor 2; IQR, interquartile range; TP, trastuzumab pretreated, i.e.
relapsed after adjuvant trastuzumab-treatment; TN, trastuzumab-na€ıve.
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start of a second treatment line because of disease progres-
sion. A switch to another regimen because of toxicity or
patient demand was not considered a switch to second-line
treatment. In case no second treatment line was started,
TNT was until the date of documented disease progression
or death, whichever came first. In all other cases, patients
were censored at January 1, 2015. In this study, TNT was
chosen as marker of progression-free survival (PFS) to indi-
cate the duration of clinical benefit, that is, the time until
another treatment was deemed necessary by the treating
physician to get disease control. The difference between
TNT and the more commonly used time until documented
disease progression (i.e., PFS) was minimal, with less than 1

month in 82.5% of the entire study population and less than
2 months in 92.5%. OS and TNT were assessed using Kaplan-
Meier curves and further explored by univariable and multi-
variable Cox proportional hazard models. To assess the
effects of selection bias, the survival analyses were repeated
with the following subgroups: (a) exclusion of the patients
treated with lapatinib, (b) exclusion of the patients present-
ing with brain metastases, (c) exclusion of the patients
treated before 2006, and (d) exclusion of the patients with-
out adjuvant treatment with taxanes. The independent vari-
ables in the Cox proportional hazard models were included
based on their prognostic relevance and were age, year
of diagnosis, the disease-free interval (time between the

Table 2. Univariable and multivariable Cox proportional hazard models for overall survival

Univariable Multivariable

Patient characteristics HR 95% CI p value HR 95% CI p value

Agea (range) (y) 1.01 1.00–1.02 .33 1.01 1.00–1.02 .15

Diagnosis after 01.01.2006 vs. before 01.01.2006 1.21 0.97–1.51 .09 0.99 0.75–1.30 .94

DFIb 1.00 1.00–1.00 .20 1.00 1.00–1.00 .48

Hormone receptor status: positive vs. negative 0.86 0.69–1.06 .15 0.88 0.70–1.10 .88

Brain metastases vs. no brain metastases 1.02 1.01–1.54 .04 0.88 0.61–1.25 .88

Interaction between brain metastases and follow-up time (months) — — — 1.02 1.00–1.03 .01

Visceral metastases vs. no visceral metastases 1.25 1.01–1.56 .04 1.36 1.08–1.90 .01

First line lapatinib vs. trastzumab 1.62 0.99–2.64 .05 1.36 0.82–2.28 .24

Adjuvant taxane treatment vs. no previous taxane treatment 1.75 1.34–2.28 <.001 1.16 0.74–1.83 .52

Adjuvant trastuzumab vs. no adjuvant trastuzumabc 2.00 1.51–2.63 <.001 1.84 1.15–2.96 .01

Bolded values indicate statistically significant results, i.e., p< .05.
aAge at initial breast cancer diagnosis.
bTime from initial breast cancer diagnosis until the first diagnosis of distant metastases.
cTP-group versus TN-group.
Abbreviations: —, no data; CI, confidence interval; CNS, central nervous system; DFI, disease-free interval; HR, hazard ratio; TN, trastuzumab
pretreated, i.e. relapsed after adjuvant trastuzumab-treatment; TN, trastuzumab-na€ıve.

Figure 1. Flow chart patient inclusion.
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initial breast cancer diagnosis and the occurrence of distant
metastases), estrogen/progesterone receptor positivity,
treatment with lapatinib, previous treatment with taxanes,
the presence of brain metastases, and the presence of vis-
ceral metastases. The proportional hazards assumption was
assessed by including interaction effects of covariates and
follow-up time in a Cox proportional hazard model with
time-dependent covariates. Variance inflation factors were
calculated to assess the degree of multicollinearity among
the independent variables in the Cox proportional hazard
models. A two-sided p value of p< .05 was considered to be
statistically significant. All analyses were conducted using
SPSS version 24 (SPSS Inc., Chicago, IL, http://www.spss.
com.hk/corpinfo/index.htm).

RESULTS

Patient Characteristics
Between January 1, 2000, and June 1, 2014, 753 patients with
HER2-positive MBC were identified. After excluding patients
who did not receive first-line HER2-targeted-based chemother-
apy (n 5 259; see also below) and patients with incomplete
clinical data (n 5 25), 469 were included in the final analyses
(Fig. 1), of which 82 were in the TP-group and 387 were in the
TN-group. The median duration of follow-up was 30 months
(range 0–165 months), starting at the diagnosis of distant
metastases. The death rate in the entire cohort was 74%. No
patients were lost to follow-up.

Patients in the TP-group were slightly younger than patients
in the TN-group (48.3 vs. 51.5 years, p 5 .02). All patients in the
TP-group had received adjuvant chemotherapy (as this was
combined with trastuzumab) compared with 41.1% of the
patients in the TN-group. Patients in the TP-group more often
had brain metastases at presentation of metastatic disease
(11.0% vs. 0.5%) and were more often treated with other first-
line anti-HER2 agents (i.e. lapatinib and pertuzumab) than with
trastuzumab monotherapy (19.5% vs. 5.4%, p< .001). Hor-
mone receptor status, nuclear grade of the primary tumor, and
localization of metastatic sites were equally distributed over
the two groups (Table 1).

Selection of Patients Treated with Anti-HER2 Agents
The omission of first-line anti-HER2-based chemotherapy of the
259 excluded patients was mostly due to preferred anthracy-
clines without trastuzumab as first-line therapy (32.8%), poor
clinical condition (19.7%), or no indication of chemotherapy yet
(9.7%; supplemental online Table 1). To investigate potential
selection bias of the excluded patients, these were also divided
into (a) patients having received adjuvant trastuzumab or hav-
ing an indication for adjuvant trastuzumab without receiving it
and (b) patients without an indication for adjuvant trastuzu-
mab. Patient characteristics for both groups were compared
with the TP- and TN-groups of the included patients, respec-
tively, showing no selection of patients with prognostic nega-
tive characteristics in the TP-group and no selection of patients
with prognostic positive characteristics in the TN-group (sup-
plemental online Table 2).

OS and TNT
Median OS was 17 months in the TP-group and 30 months in
the TN-group (HR 2.00, 95% confidence interval [CI]

1.51–2.63, p< .001). Median TNT was 7 months in the TP-
group and 13 months in the TN-group (HR 2.02, 95% CI
1.56–2.62, p< .001; Fig. 2A and 2B). Dividing the TN-group
into patients relapsing after stage I–III breast cancer and
patients presenting with de novo stage IV disease did not
affect the results (supplemental online Fig. 1). Lapatinib
instead of trastuzumab as first-line anti-HER2 therapy was
administered in 19 patients (TP-group: n 5 9, TN-group:

Figure 2. Overall survival (A) and time to next treatment (B) in
patients treated with first-line palliative anti-human epidermal
growth receptor 2 therapy.

Abbreviations: CI, confidence interval; HR, hazard ratio; OS,
overall survival; TP, Trastuzumab pretreated, i.e. relapsed after
adjuvant trastuzumab-treatment; TN, Trastuzumab-na€ıve.
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n 5 10); exclusion of these patients from the analyses
showed similar results (supplemental online Fig. 2), as well
as the removal of the patients with brain metastases as first
metastatic site (11 in the TP-group and 2 in the TN-group) to
avoid negative selection bias of patients with brain metasta-
ses (OS 18 vs. 30 months, log-rank p< .001, TNT 7 vs. 13
months, p< .001). In the multivariable Cox regression, OS
and TNT in the TP-group were still shorter compared with
the TN group (HR 1.84 for OS, 95% CI 1.15–2.96, p 5 .01 and
HR 1.65 for TNT, 95% CI 1.06–2.58, p 5 .03, respectively;
Tables 2 and 3). After assessing the proportional hazards
assumption, a significant interaction was found between the
development of brain metastases and the duration of
follow-up. Therefore, brain metastases were modeled as a
time-dependent covariate in the multivariate Cox regres-
sion. No other significant violations of the proportional haz-
ards assumption were detected.

Median OS of ER-positive (ER1) versus ER-negative (ER2)
patients in the TP-group was 18 versus 15 months and in the TN-
group 31 versus 27 months (p 5 .91 and p 5 .20, respectively).
Median TNT of ER1 versus ER2 patients in the TP-group was 7
versus 6 months and in the TN-group 14 versus 11 months,
respectively (p 5 .79 and p 5 .42, respectively). However, when
calculating OS from the first presentation of metastatic disease,
median OS of ER2 patients was significantly shorter than that of
ER1 patients (30 vs. 38 months, p 5 .01), suggesting that the
prognostic advantage of ER positivity disappeared once first-line
chemotherapy was indicated for disease control.

Since mid-2005, trastuzumab has been available for adju-
vant treatment. Therefore, most patients in the TP-group were
diagnosed with breast cancer after 2006, whereas the TN-
group was largely exposed to older treatment regimens.
Repeating the survival analyses with only the patients diag-
nosed after 2006 (TP-group: n 5 61, TN-group: n 5 146), in
order to assess bias by difference in treatment regimens, still
showed impaired OS and TNT in the TP-group (16 vs. 29
months and 6 vs. 14 months, respectively (both log-rank p

<.001; supplemental online Fig. 3).

Effect of Taxanes
Previous adjuvant chemotherapy was administered in 159
patients (41.1%) in the TN-group and in all patients in the
TP-group. In these patients, previous adjuvant chemother-
apy consisting of taxanes was administered in 87.8% of the
patients (n 5 72) in the TP-group compared with 3.9%
(n 5 15) in the TN-group. Due to the strong association
between previous adjuvant taxanes and TP/TN-group, we
found relatively high variation inflation factors for these two
variables (3.1 and 3.2, respectively). To assess the effects of
this multicollinearity and to minimize the effect of possible
taxane-resistance between both groups, we repeated the
univariable survival analyses with only the patients relapsing
after taxane therapy. We found that OS in the TP-group was
still significantly shorter compared with the TN-group (17 vs.
29 months, log rank p 5 .048). The difference in TNT
between both groups did not reach statistical significance (6
vs. 11 months, log rank p 5 .07; Fig. 3). In the univariable
Cox regression, previous taxane exposure, which suggests
resistance to taxanes, had a large association with OS and
TNT (HR 1.75, 95% CI 1.34–2.28, p< .001 and HR 1.93, 95%
CI 1.50–2.48, p< .001, respectively), but this was no longer
statistically significant after adjustment for previous trastu-
zumab exposure in the multivariable Cox regression.

DISCUSSION

This study shows that patients receiving first-line HER2-tar-
geted-containing chemotherapy for HER2-positive MBC
who were previously exposed to adjuvant trastuzumab had a
shorter median OS and TNT compared with patients who were
never exposed to trastuzumab at the time of diagnosing distant
metastases. The unfavorable effect of prior trastuzumab expo-
sure was independent of clinical and tumor characteristics and
seems, at least partly, independent of pretreatment with
taxanes.

Four retrospective studies have previously reported on
this issue and showed conflicting results [4–7]. In two of
these studies, some degree of shorter OS was reported in

Table 3. Univariable and multivariable Cox proportional hazard models for time to next treatment

Univariable Multivariable

Patient characteristics HR 95% CI p value HR 95% CI p value

Agea (range) (y) 1.00 0.99–1.01 .79 1.01 1.00–1.02 .28

Diagnosis after 01.01.2006 vs. before 01.01.2006 1.08 0.89–1.32 .43 0.86 0.67–1.11 .25

DFIb 1.00 1.00–1.00 .13 1.00 1.00–1.00 .12

Hormone receptor status: positive vs negative 0.91 0.74–1.11 .33 0.91 0.73–1.12 .35

Brain metastases vs. no brain metastases 1.33 1.09–1.63 .01 0.78 0.58–1.05 .10

Interaction between brain metastases and follow-up time (months) — — — 1.04 1.03–1.06 <.001

Visceral metastases vs. no visceral metastases 1.10 0.90–1.35 .36 1.23 1.00–1.52 .048

First-line lapatinib vs. trastzumab 1.59 0.97–2.58 .06 1.36 0.82–2.26 .23

Adjuvant taxane treatment vs. no previous taxane treatment 1.93 1.50–2.48 <.001 1.41 0.92–2.15 .11

Adjuvant trastuzumab vs. no adjuvant trastuzumabc 2.02 1.56–2.62 <.001 1.65 1.06–2.58 .03

Bolded values indicate statistically significant results, i.e., p< .05.
aAge at initial breast cancer diagnosis.
bTime from initial breast cancer diagnosis until the first diagnosis of distant metastases.
cTP-group vs. TN-group.
Abbreviations: —, no data; CI, confidence interval; CNS, central nervous system; DFI, disease-free interval; HR, hazard ratio; TN, trastuzumab
pretreated, i.e. relapsed after adjuvant trastuzumab-treatment; TN, trastuzumab-na€ıve.
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patients previously treated with adjuvant trastuzumab (uni-
variable HRs 1.47 and 1.16) [4, 6], although these associa-
tions were not retained after adjustment for other clinical
risk factors. However, these could be false-negative observa-
tions, as the 95% CIs of the HR of previous adjuvant trastuzu-
mab treatment in these studies showed overlap with our
95% CI (0.87–1.75 and 0.80–1.74, respectively, vs. 1.00–2.91
in our study). This implicates that no survival difference was
detected, despite patients with relatively high HRs of death.

In the third study with 96 patients in the TP-group, 2-year
OS was the only study endpoint and was not affected (HR
0.79, 95% CI 0.50–1.26) by previous adjuvant trastuzumab
treatment [7]. A fourth study reported that patients with
trastuzumab retreatment also less often obtained long-term
clinical benefit from reintroduction of HER2-targeted-based
chemotherapy [5]. Although in line with our study results,
this study had a short time of follow-up after the registration
of trastuzumab in adjuvant setting, which might have led to
a negative selection of patients with relatively rapid devel-
opment of distant metastases in the TP-group. Thus, small
numbers of patients, short duration of follow-up, small num-
ber of events, and possible selection bias could have influ-
enced these previous study results.

The survival of the patients in our study seemed to be
somewhat shorter when compared with prospective studies
recently done in patients with HER2-positive MBC, including
the CLEOPATRA and RHEA trials [10, 11]. The median OS of our
entire cohort was 28 months, compared with 37.6 months in
the control-arm of the CLEOPATRA trial [11]. The median OS of
our TP-group was 17 months, compared with 25 months in the
RHEA trial (which included only trastuzumab-pretreated
patients). The median TNT in our study (TP-group: 7 months,
entire cohort: 11 months) was comparable with the PFS of
both the RHEA trial (8 months) and the control-arm of the CLE-
OPATRA trial (12.4 months) [12].

Possible explanations for the shorter median OS in our
study could be the differences in inclusion and exclusion crite-
ria, favoring the patients in both the CLEOPATRA and RHEA tri-
als. In these studies, patients needed to have an ECOG
performance status of 0 or 1, a relapse-free interval after adju-
vant treatment of �6 months, and a life expectancy of �3
months. These (prognostic positive) restrictions were not
applied to our study cohort, which might have influenced OS.

We aimed to strengthen the interpretation of the analyses
by investigating whether possible selection could have biased
the current findings. Excluded patients could have caused a
selection bias of preferentially poor prognosis patients in the
TP-group or a selection bias of preferentially good prognosis
patients in the TN-group; however, this was not observed when
comparing the included and excluded patients (supplemental
online Table 2). Furthermore, patients in the TP-group more
frequently had brain metastases as first presentation of meta-
static disease than patients in the TN-group, possibly predispos-
ing the TP-group to unfavorable outcomes. However, exclusion
of these patients from the analyses still showed worse OS and
TNT in the TP-group. Also, possible selection by difference in
treatment period was unlikely. A larger percentage of the TP-
group compared with the TN-group was treated in recent time
periods, so patients in the TP-group had a shorter disease-free
interval (time between the initial breast cancer diagnosis and
the development of distant metastases), but also could have
benefited from newer recently developed anti-HER2 agents
than the TN-group. Analyzing only the patients included after
January 1, 2006, in order to compare patients with comparable
disease-free interval and treated according to the same guide-
lines, did not alter the results. Finally, the TP-group more often
received adjuvant taxanes (87.8% vs. 3.9%), possibly causing
impaired sensitivity to taxanes in the advanced setting, which
might have contributed to the worse outcome in the TP-group.
However, selecting only the patients who were treated with

Figure 3. Overall survival (A) and time to next treatment (B)
among patients with previous adjuvant treatment with taxanes.

Abbreviations: CI, confidence interval; HR, hazard ratio; TP, Tras-
tuzumab pretreated, i.e. relapsed after adjuvant trastuzumab-
treatment; TN, Trastuzumab-na€ıve.
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adjuvant taxanes still showed shorter OS and TNT in the TP-
group. Altogether, after showing comparable results in different
subgroup analyses, we believe that the lower efficacy of first-
line palliative trastuzumab in the TP-group is possibly due to
less sensitivity to trastuzumab or resistance among a subset of
MBC patients pretreated with trastuzumab.

This study was not designed to unravel exact mechanisms
of resistance among treated patients but nevertheless showed
signs of possible clinically relevant unresponsiveness to trastu-
zumab (primary or acquired during previous adjuvant therapy),
which could have implications for treatment decision-making
after short progression-free intervals in the palliative setting.

It must be noted that the current standard of care of first-
line HER2-targeted therapy is dual HER2 blockade with trastu-
zumab and pertuzumab, instead of single trastuzumab, after
the results of the CLEOPATRA trial [12]. In this trial, trastuzumab
pretreated patients seemed to have shorter PFS than
trastuzumab-na€ıve patients in both the pertuzumab-arm (16.9
vs. 21.6 months) and the control-arm (10.4 vs. 12.6 months).
Although trastuzumab pretreated patients seemed to derive
similar benefit from the addition of pertuzumab, as compared
with trastuzumab-na€ıve patients, the benefit of dual HER2
blockade above trastuzumab monotherapy was not statistically
significant in trastuzumab pretreated patients, as shown by the
95% CI (HR 0.65, 95% CI 0.35–1.07). However, the number of
patients with previous adjuvant trastuzumab was only 11% of
the entire cohort, which could explain the loss of statistical sig-
nificance. A future study is needed to determine the impact of
trastuzumab resistance on first-line dual HER2 blockade in tras-
tuzumab pretreated patients.

Several limitations of this study have to be mentioned. First,
fewer patients than the needed number of patients deter-
mined by the power calculation were included. The main cause
for this was the well-known low incidence (about 10%) of
developing distant metastases among patients in the TP-group,
thus among those who were treated with adjuvant trastuzu-
mab [13]. However, more events (deaths) occurred, so the
power in our study was not substantially limited. Second,
patients with lapatinib were included in this study, so the analy-
sis was not restricted to only patients with trastuzumab retreat-
ment. However, we chose to include all patients with any type
of palliative first-line HER2-targeted therapy, in order to include
a study population as close to the “real world” as possible. Fur-
thermore, we provided a subgroup analysis without the
patients treated with lapatinib, which showed similar results.
Third, the loss of HER2 overexpression in distant metastases,
which might result in trastuzumab unresponsiveness, could not
be estimated due to the lack of metastatic biopsies. This has,
however, been reported to be only 3%–6% of the cases

[14–16]. Fourth, first-line HER2-targeted therapy nowadays
consists of the combination trastuzumab and pertuzumab [11],
so cohorts treated with first-line single HER2 blockade with
trastuzumab will dissappear in the near future. However, the
results of this study might still be useful, as single blockade of
the HER2 receptor is still the standard of care in second-line
regimens and beyond. Finally, information about subsequent
treatment lines and decisions was lacking, which also could
affect survival. Nevertheless, this is not the case for TNT, which
was clearly different between TN-and TP-group and was not
affected by subsequent treatment lines.

CONCLUSION
First-line trastuzumab containing chemotherapy is less effective
in patients treated with adjuvant trastuzumab compared with
those not treated with adjuvant trastuzumab for primary breast
cancer. Although resistance against taxane treatment could not
be fully excluded, our study provides evidence that at least a
subset of the patients derive less clinical benefit from HER2-
targeted therapy, possibly due to trastuzumab resistance.
Whether this resistance might also influence the response on
dual HER2 blockade in first-line treatment is currently unknown
and needs further investigation.
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For Further Reading:

Jasmeet C. Singh, Anita Mamtani, Andrea Barrio et al. Pathologic Complete Response with Neoadjuvant Doxorubicin and Cyclo-
phosphamide Followed by Paclitaxel with Trastuzumab and Pertuzumab in Patients with HER2-Positive Early Stage Breast Can-
cer: A Single Center Experience. The Oncologist 2017;22:139–143.

Implications for Practice:

This is the first study describing the role of doxorubicin and cyclophosphamide followed by paclitaxel and dual anti-HER2 therapy
with trastuzumab and pertuzumab (ACTHP) in patients with early stage HER2-positive breast cancer. Total (breast + lymph node)
pathological complete remission (pCR) remission (ypT0/is ypN0) and German Breast Group pCR rates (ypT0/ypN0) were high at
72% and 53%, respectively, with the ACTHP regimen. Rate of axillary clearance in patients with known axillary involvement was
high at 85%, which may translate into less extensive axillary surgeries in this subset in the future.
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