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Abstract
Background  The combination of a taxane with trastuzumab and pertuzumab is standard of care for first-line treatment of 
human epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer. The combination of vinorelbine with 
trastuzumab and pertuzumab showed anti-tumor activity in a phase 2 trial.
Patients and methods  The databases of two tertiary medical centers were retrospectively searched for patients with HER2-
positive metastatic breast cancer who underwent first-line treatment in 2013–2019 with a taxane or vinorelbine in combina-
tion with trastuzumab and pertuzumab. Groups were compared for progression-free survival (PFS), overall survival (OS), 
and toxicity profile.
Results  The study included 87 patients in the taxane group and 65 in the vinorelbine group. Overall median PFS was signifi-
cantly longer in the taxane group [HR 0.56 (0.36–0.88), P = 0.01], but on multivariate analysis the difference was not statisti-
cally significant [HR 0.68 (0.4–1.1, P = 0.11)]. PFS was comparable in both groups of patients with recurrent disease [HR 
0.94 (0.5–1.79), P = 0.85]. However, in patients with de novo metastatic disease, the difference in favor of the taxane group 
was pronounced [HR 0.4 (0.2–0.78), P = 0.007] and maintained significance on multivariate analysis [HR 0.46 (0.2–0.97, 
P = 0.04)]. There was no statistical significant difference in OS in the whole cohort [HR 0.69 (0.39–1.23)] or the subgroups.
Conclusions  Patients with HER2-positive metastatic breast cancer had similar survival with first-line treatment of taxane or 
vinorelbine combined with trastuzumab and pertuzumab. When the analysis was adjusted for prognostic factors, there was 
no PFS benefit for taxanes except in the subgroup with de novo disease.

Keywords  Breast cancer · Metastatic · HER-2 positive · Vinorelbine · Taxane · Trastuzumab · Pertuzumab

Introduction

Breast cancer is the most common malignancy in females in 
the United States and the second most frequent cause of can-
cer death [1]. In 15–20% of cases, breast cancer overexpresses 
human epidermal growth factor receptor 2 (HER2) which results 
in more aggressive disease and historically in a poor prognosis 
[2, 3]. The treatment landscape for HER2-positive breast cancer 
has evolved considerably in the last three decades [4].

In 2015, the CLEOPATRA trial established the combi-
nation of docetaxel, trastuzumab and pertuzumab as the 
standard of care for first line treatment of HER2-positive 
metastatic breast cancer based on an improved overall sur-
vival compared to docetaxel, trastuzumab, and placebo [5, 
6]. Subsequently, the PERUSE study compared docetaxel, 
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paclitaxel or nab-paclitaxel combined with trastuzumab 
and pertuzumab. Preliminary results suggested that pacli-
taxel had similar efficacy as docetaxel [7] and could serve 
as a valid alternative in this setting. The HERNATA trial 
compared docetaxel plus trastuzumab with vinorelbine plus 
trastuzumab and showed comparable efficacy with a trend 
to a better outcome for estrogen-receptor-positive disease 
in the vinorelbine arm and with significantly fewer grade 
3–4 adverse events [8].

The combination of vinorelbine, trastuzumab, and 
pertuzumab has shown efficacy and was well tolerated in 
the phase 2 VELVET trial [9], but the outcome of this 
combination compared to standard treatment with taxa-
nes and anti-HER2 treatment has not been tested pro-
spectively. The superior toxicity profile of vinorelbine as 
well as it’s comparable efficacy with paclitaxel combined 
with trastuzumab makes the combination of vinorelbine, 
trastuzumab, and pertuzumab a reasonable option as first-
line therapy in certain cases. However, there are as yet no 
prospective or retrospective outcome studies comparing a 
taxane with vinorelbine combined with trastuzumab and 
pertuzumab.

The aim of the present retrospective two-center study 
was to evaluate the outcomes of patients with HER2-
positive metastatic breast cancer treated with a taxane or 
vinorelbine combined with trastuzumab and pertuzumab 
as first line treatment.

Patients and methods

Study population

We searched the cancer center pharmacy database of two 
tertiary medical centers in Israel for all female patients 
aged 18 + years with HER2-positive advanced breast can-
cer who were treated with trastuzumab and pertuzumab 
combined with a taxane (paclitaxel, docetaxel or nab-
paclitaxel) or with vinorelbine (intravenous or oral) in the 
first-line metastatic setting between 3/2013 and 9/2019. 
The data cutoff date was 1/2020. HER2-positive dis-
ease was defined as immunohistochemistry (IHC) result 
3 + or HER2/chromosome enumeration probe 17 [CEP17] 
ratio ≥ 2 on fluorescence in situ hybridization. Patients 
who received other systemic therapy for metastatic dis-
ease prior to trastuzumab and pertuzumab administra-
tion were excluded. Patients who received trastuzumab 
plus pertuzumab combined with other chemotherapies 
were excluded. Patients included in the analysis had a 
minimum of 4 months of follow-up from the beginning 
of treatment.

Treatment protocols

All patients received intravenous pertuzumab 840 mg 
loading dose followed by 420 mg q3w, along with intra-
venous trastuzumab 8 mg/kg (loading dose) followed by 
6 mg/kg q3w.

Treatment protocols in the taxane group included in 
this study were weekly paclitaxel (80 mg/m2), 3-weekly 
docetaxel (75 mg/m2), weekly docetaxel (35 mg/m2) and 
weekly nab-paclitaxel. Treatment protocols in the vinorel-
bine group were weekly intravenous vinorelbine (25 mg/
m2) or weekly oral vinorelbine (60 mg/m2, with escalation 
to 80 mg/m2 according to tolerability).

Data collection

Demographic and clinical characteristics were recorded 
retrospectively from the electronic medical records, 
including age, performance status, visceral disease, pre-
vious treatments and stage at diagnosis. Response evalu-
ation was based upon imaging reports using Response 
Evaluation Criteria in Solid Tumors (RECIST) criteria 
[9]. If imaging reports were not available or equivocal, 
then physicians’ notes summarizing the response evalu-
ation were used.

Progression-free survival (PFS) was defined as time from 
treatment initiation to first evidence of radiographic progres-
sion or death from any cause. Overall survival (OS) was 
defined as time from treatment initiation to death from any 
cause. Data on toxicity were also collected including myelo-
suppression, diarrhea, nausea, peripheral neuropathy, asthe-
nia and cardiotoxicity. Evaluation of toxicity was based upon 
National Cancer Institute Common Terminology Criteria for 
Adverse Events v5.0 grading [10].

Outcome measures

The primary endpoints of the study were PFS and OS. The 
secondary endpoint was toxicity. The study was approved by 
the Institutional Review Board of both institutions.

Statistical analysis

The statistical analysis was generated using SAS Software, 
version 9.4.

Continuous variables were presented by median (range), 
categorical variables were presented by (N, %).

T test was used to compare the value of continuous vari-
ables between study groups and Fisher’s exact test (for two 
groups) or Chi-square (for more than two groups) were used 
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to compare the value of categorical variables between study 
groups.

PFS and OS were assessed by Kaplan–Meier survival 
analysis with the log-rank test. The Cox proportional haz-
ards model was used to assess hazard ratios (HR) and 95% 
confidence intervals. Multivariate Cox proportional hazards 
regression was performed to explore the effect of treatment 
after adjusting for other known prognostic factors: Eastern 
Cooperative Oncology Group Performance Status (ECOG 
PS), age, visceral disease, de novo metastatic disease, and 
hormonal receptor status.

Two-sided P values less than 0.05 were considered sta-
tistically significant. For interaction tests P values less than 
0.15 were considered significant.

Results

Study population and treatment patterns

We identified a total of 397 patients with HER2-positive 
breast cancer who were treated with trastuzumab and pertu-
zumab during the study period. Of these, 200 patients who 
were treated only in the adjuvant setting were excluded, as 
were 16 patients who received trastuzumab and pertuzumab 
as second-line treatment, 6 who were also given other cyto-
toxic drugs (capecitabine, cisplatin, 5-fluorouracil), and 
5 who did not receive chemotherapy. An additional 18 
patients did not have sufficient follow-up data for analysis 
(less than 4 months). The remaining 152 patients formed the 
final study cohort (see CONSORT chart, Fig. 1), of whom 
87 received a taxane (78 paclitaxel, 9 docetaxel) and 65 
received vinorelbine (49 intravenous, 16 oral). Four patients 
had initially received paclitaxel but had an allergic reac-
tion after one dose and were switched to vinorelbine. These 

Fig. 1   CONSORT flowchart
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patients were included in the vinorelbine arm. No patients 
in our cohort received 3-weekly paclitaxel or nab-paclitaxel 
combined with trastuzumab and pertuzumab. Dose reduction 
was performed in 26% of patients in the taxane group and 
in 43% of patients in the vinorelbine group (P < 0.001). No 
patients received treatment as part of a clinical trial.

The patients’ baseline parameters are shown in Table 1. 
There were several significant between-group differences. 
The rate of metastasis at diagnosis was 67.8% in the taxane 
group and 41.5% in the vinorelbine group (P = 0.002). The 
respective rates of trastuzumab treatment in the adjuvant set-
ting were 19.5% and 44.1% (P = 0.003), and of taxane treat-
ment in the adjuvant setting, 23.5% and 48.3% (P = 0.003). 
More patients in the taxane group were asymptomatic 
(ECOG PS-0) at the onset of therapy (44.8% vs 24.6%, 
P = 0.04), and more patients in the vinorelbine group were 
over 70 years (26% vs 13%, P < 0.0001).

In 30 patients with ER positive disease (22 in the tax-
ane group, 8 in the vinorelbine group, P < 0.001) who 
achieved clinical benefit, chemotherapy was withheld and 
maintenance hormonal therapy was given in combination 
with trastuzumab and pertuzumab. The median duration 
of chemotherapy was 22 weeks and 32 weeks, for taxane 
and vinorelbine, respectively (P = 0.008). Dual anti-her2 

inhibition as maintenance therapy was administered to 76% 
of patients in the taxane group for a median of 80 weeks and 
to 48% of the vinorelbine group for a median of 38 weeks 
(P < 0.0001). Median duration of follow-up was 44 months 
(IQR 28–65 months) and 23 months (IQR 14–31 months) in 
the taxane and vinorelbine groups, respectably.

Median duration from surgery in the early stage to ini-
tiation of treatment in relapsed metastatic disease was 
54 months in the taxane group and 45 months in the vinorel-
bine group. No patients received trastuzumab or pertuzumab 
in the 6 months preceding initiation of treatment in the meta-
static setting.

Progression‑free survival

Median PFS was 32.9 months in the taxane group and 
14.2 months in the vinorelbine group; the difference was 
statistically significant [HR 0.56 (0.36–0.88), P = 0.01] 
(Fig. 2a). On multivariate Cox proportional hazards regres-
sion adjusted for age, ECOG PS, de novo metastatic disease 
status, ER status, and visceral disease, there was no signifi-
cant between-group difference in PFS [HR 0.68 (0.4–1.1), 
P = 0.11].

Table 1   Baseline characteristics 
of 152 patients with HER2-
positive metastatic breast cancer

ECOG PS Eastern Cooperative Oncology Group Performance Status, IDC invasive ductal carcinoma, ILC 
invasive lobular carcinoma, IHC immunohistochemistry
*The remaining cases were categorized as HER2-positive by FISH

Characteristic Taxane (n = 87) Vinorelbine (n = 65) P value

Follow up, months
Median (IQR)

46 (28–65) 23 (14–31) < 0.001

Age, years
Median (range)

58 (28–78) 60 (27–82) 0.1

Age > 70 years, n (%) 11 (13%) 17 (26%) < 0.0001
ECOG PS, n (%) 0.037
 0 39 (45%) 16 (25%)
 1 43 (49%) 44 (68%)
 ≥ 2 5 (6%) 5 (7%)

De novo disease, n (%) 59 (68%) 27 (42%) 0.002
Recurrent disease, n (%) 28 (32%) 38 (58%) 0.002
Previous adjuvant therapy, n (%)
 Taxane 21 (26%) 28 (48%) 0.003
 Anthracycline 21 (26%) 21 (36%) 0.26
 Trastuzumab 16 (20%) 26 (44%) 0.003
 Pertuzumab 3 (4%) 5 (8%) 0.28

Histology, n (%) 0.24
 IDC 82 (94%) 57 (88%)
 ILC 5 (6%) 8 (12%)

ER-, PR-negative, n (%) 33 (38%) 15 (23%) 0.055
HER 2− IHC 3 + , n (%)* 75 (86%) 51 (75%) 0.5
Visceral disease, n (%) 46 (54%) 40 (62%) 0.41
Brain metastases at diagnosis, n (%) 4 (5%) 4 (6%) 0.7
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Fig. 2   Progression free survival. 
a All patients. b Recurrent 
disease. c De novo metastatic 
disease
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In the subgroup of patients with recurrent disease, there 
was no significant difference in PFS between those treated 
with a taxane or vinorelbine; median PFS was 19.6 months 
and 14.3  months, respectively [HR 0.94 (0.51–1.75), 
P = 0.85] (Fig. 2b). However, in the subgroup of patients 
with de novo disease, the difference in PFS was pronounced: 
35.5 months in the taxane group and 14.2 months in the 
vinorelbine group [HR 0.4 (0.2–0.78), P = 0.007] (Fig. 2c). 
The test of interaction for the effect of chemotherapy 
between the de-novo and recurrent sub-groups was signifi-
cant with a P value of 0.09. On multivariate Cox propor-
tional hazards regression adjusted for type of therapy, age, 
ECOG PS, ER status, and visceral disease, taxane therapy 
was significantly associated with an improved PFS [HR 0.46 
(0.2–0.97), P = 0.04].

In the subgroup of patients with no visceral disease, 
median PFS was 33  months in the taxane group and 
14.2 months in the vinorelbine group [HR 0.46 (0.23–0.91), 
P = 0.03)]. On multivariate Cox proportional hazards regres-
sion adjusted for type of therapy, age, ECOG PS, ER status, 
and de novo disease status, the advantage of taxane therapy 
lost statistical significance [HR 0.54 (0.24–1.19), P = 0.13]. 
In patients with visceral disease, the difference in PFS was 
not significant, with median values of 28.5 months and 
15.5 months in the taxane and vinorelbine groups, respec-
tively [HR 0.69 (0.38–1.25), P = 0.22].

Overall survival

The difference in median OS between the taxane and 
vinorelbine groups did not reach statistical significance 
on analysis of the whole cohort [56 months vs 41 months; 
HR 0.69 (0.39–1.23), P = 0.2] (Fig. 3a). Nor did it reach 
statistical significance in the subgroups of patients with 
recurrent disease [30.8 months vs 38.9 months; HR 1.3 
(0.61–2.87), P = 0.48] (Fig. 3b) or de novo metastatic dis-
ease [59.5 months vs 41.3 months; [HR 0.43 (0.17–1.04), 
P = 0.055] (Fig. 3c), despite an 18-month advantage for 
the taxane group in de novo metastatic disease. In the sub-
groups of patients with and without visceral disease no 
significant statistical difference was reached [visceral dis-
ease: 45.23 months vs 41.03 months, HR 0.95 (0.44–2.02), 
P = 0.88; no visceral disease: 59.6 months vs 43.6 months, 
HR 0.53 (0.22–1.28), P = 0.15].

Toxicity

Toxicity led to a cessation of therapy in 40% of patients 
in the taxane group compared to 22.4% in the vinorelbine 
group (P = 0.04). More patients in the vinorelbine than 
the taxane group had neutropenia which resulted in a dose 
reduction (17% vs 1%, P < 0.001). While more patients in 
the taxane group experienced peripheral neuropathy (34.5% 

vs 4.6%, P < 0.001). Cardiotoxicity defined as a decline of 
10% in left ventricular ejection fraction or symptomatic 
left ventricular dysfunction was more common in patients 
treated with a taxane than those treated with vinorelbine 
(6.9% vs 4.6%, P = 0.014). Symptomatic left ventricular dys-
function was experienced in 2 patients (2.3%) in the taxane 
group compared to 1 patient in the vinorelbine group (1.5%).

Discussion

This is the first study to compare dual blockade (with tras-
tuzumab and pertuzumab) combined with a taxane or with 
vinorelbine as first-line treatment in patients with HER2-
positive metastatic breast cancer. While combination with a 
taxane is considered standard of care in this setting [4, 5], it 
has considerable toxicity which can have a profound adverse 
impact on quality of life [11, 12].

We did not find a statistically significant OS advantage 
for vinorelbine or taxane, either in the whole cohort or the 
various subgroups. However, a numerical difference of 
15 months favoring the taxane arm was observed. It is note-
worthy that among patients with de novo disease, the sur-
vival advantage for taxanes was pronounced (18.2 months), 
though it did not reach statistical significance (P = 0.055). 
Regarding PFS, when the analysis was adjusted for prog-
nostic factors, compared to vinorelbine, taxane therapy was 
associated with significantly longer PFS for de novo meta-
static disease, both on univariate analysis and multivariate 
analysis, with an absolute difference of 21.3 months. No 
advantage was observed for taxanes in patients with recur-
rent disease.

Sixteen patients in our cohort received oral vinorelbine. 
The bioequivalence of oral and intravenous vinorelbine was 
demonstrated in several pharmacokinetic studies [13–15]. 
The clinical efficacy of oral vinorelbine was demonstrated 
in several prospective clinical trials as single agent and in 
combinations [16]. Based on these studies, oral and intra-
venous vinorelbine were, therefore, grouped together in the 
analyses.

There were several meaningful differences in background 
parameters between the treatment groups which could limit 
the interpretation of the results. Patients who received first-
line therapy with vinorelbine were more likely to be older 
than 70 years, have a worse ECOG PS, and have recurrent 
disease (44% after being treated with trastuzumab and 48% 
with a taxane in the adjuvant setting) and have visceral dis-
ease. Nevertheless, our results indicate that at least for recur-
rent disease, vinorelbine could serve as the chemotherapy 
component of the treatment protocol.

The most recent prospective study of the efficacy and 
safety of vinorelbine combined with trastuzumab and per-
tuzumab was the phase 2 VELVET trial [17, 18]. This trial 
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Fig. 3   Overall survival. a All 
patients. b Recurrent disease. c 
De novo metastatic disease
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was a non-randomized prospective phase 2 trial with two 
cohorts—in cohort 1 trastuzumab and pertuzumab were 
administered in separate infusions, whereas in cohort 2 the 
two antibodies were given in a single infusion bag. Although 
outcome results were satisfactory with predicted toxicity, 
median PFS (14.3 months and 11.5 months in cohort 1 and 2, 
respectively) and duration of response were shorter than when 
a taxane was combined with trastuzumab and pertuzumab in 
the CLEOPATRA and PERUSE trials (18.1 and 20.6 months, 
respectively) [5–7]. However, caution is needed when making 
cross-trial comparisons owing to the different study designs 
and patient populations, including a lower proportion of 
patients with de novo metastatic disease, a higher frequency 
of visceral disease at baseline and a higher percentage of 
patients who received neoadjuvant or adjuvant trastuzumab 
in the VELVET trials compared to the CLEOPATRA trial.

A retrospective population-based trial from Denmark 
examined first-line treatment patterns and outcomes in 
291 patients with HER2-positive metastatic breast cancer 
in a real-world setting. Trastuzumab and pertuzumab were 
combined with vinorelbine in 81% of patients and with a 
taxane in 12%. Median PFS was 15.8 months for the whole 
population and 17.9 months for the 112 patients with de 
novo metastatic disease. Among the patients with recur-
rent disease, median PFS was 16.5 months for those who 
received trastuzumab as adjuvant treatment and 15.0 months 
for those who did not [19]. Median OS was 41.8 months for 
the whole cohort and was not reached for the patients with 
de novo metastatic disease. Among the patients with recur-
rent disease, median OS was 41.3 months for those who 
received adjuvant trastuzumab and 35.6 months for those 
who did not. The authors attributed the poorer survival in 
this study compared to the CLEOPATRA trial [5, 6] to the 
older age of the patients, lower proportion of patients with 
de novo metastatic breast cancer, and shorter time on dual 
blockade (11.1 months vs 17.4 months). Inferior efficacy 
of vinorelbine relative to docetaxel could not be excluded. 
When compared to the current study—the median overall 
survival of 41 months was similar to our vinorelbine group. 
No comparison was conducted between taxane and vinorel-
bine therapy in this study. Several real-world studies from 
Italy and the USA reporting experience with dual HER2 
inhibition have been published. Most patients in these trials 
were treated with a taxane. Median PFS in these trials was 
16.9–27.8 months [20–22].

The median PFS of 32.9 months achieved in the taxane 
group in the present study compares favorably with the 
18.7 months in the CLEOPATRA trial [5, 6] and 20.6 months 
in the PERUSE trial (19.6, 23.0 and 18.1 months with doc-
etaxel, paclitaxel, and nab-paclitaxel, respectively) [7]. Addi-
tionally, the median OS of 56 months in our taxane group is 
similar to that of the docetaxel arm in the CLEOPATRA trial 
(56.5 months). In our vinorelbine group, the median PFS of 

14.1 months is close to that reported in the VELVET trial 
(14.3 months in cohort 1, 11.5 months in cohort 2) [17, 18]. 
The VELVET trial did not report OS data. Comparison of the 
median OS with the CLEOPATRA trial yielded a lower value 
in our vinorelbine group (41 months), but the difference may 
be due to the different patient populations.

In the present study, patients with de novo metastatic dis-
ease had a better prognosis than patients with recurrent dis-
ease in terms of both PFS [HR 0.6 (0.38–0.99)] and OS [HR 
0.45 (0.24–0.83)]. A recent observational study reported 
similar results [23], suggesting that these two groups have 
different disease characteristics and outcomes.

The main limitation of our study is it’s retrospective design 
which has inherent biases, including a prescribing bias and 
between-group differences in prognostic parameters (sig-
nificantly less favorable in the vinorelbine group). However, 
multivariate analysis was performed to address some of these 
limitations. A larger cohort might have exposed still more 
between-group differences. Another limitation is the relatively 
small sample size, and therefore, some of the subgroup analy-
ses should be interpreted with caution. As patients were treated 
only in two centers there could potentially be biases regarding 
local clinical practice. However, we do believe that practice in 
our institutions represents the accepted standard of care follow-
ing international guidelines. The strengths of the study are the 
combined data from two tertiary institutes and the complete-
ness of the data for the patients included in the analyses.

Given the difference in toxicity profile between taxanes 
and vinorelbine, which significantly favored vinorelbine, and 
the potential impact on survival of second- and third-line 
treatments, more studies challenging the standard of care 
are required. Ideally, a randomized trial should be conducted 
to evaluate the role of vinorelbine as first-line therapy for 
HER2-positive metastatic breast cancer  in patients with 
recurrent disease.
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