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Abstract. The development of effective human epidermal
growth factor receptor 2 (HER2)-targeted therapies has been
heralded as a significant milestone in breast cancer treatment,
resulting in improvement of the outcome for those with HER2-
positive metastatic breast cancer. Despite these advantages,
metastatic breast cancer is still regarded as an incurable
disease. In heavily pretreated patients with increasingly
limited options for palliative management, ensuring control of
disease and maintenance of quality of life is an important
goal. Vinorelbine and lapatinib is a combination used in later-
line treatment of metastatic HER2-positive breast cancer. The
current article presents a systematic review and meta-analysis
of prospective series of the vinorelbine/lapatinib doublet for
efficacy and toxicity in metastatic HER2-positive breast
cancer. Altogether seven prospective trials involving 235
evaluable patients were retrieved for analysis. Pooled
estimates of response rate and disease control rate were
244% and 63.3% respectively. Furthermore, overall survival
was 20.1 months and progression-free survival was 5.44
months. The most common grade 3 and 4 toxicities were seen
in fewer than 10% Vinorelbine/ lapatinib
combination regimen may serve as an option for pre-treated
patients with metastatic HER2-positive breast cancer.
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Metastatic breast cancer is the leading cause of death among
women worldwide, accounting for approximately half a
million deaths per year (1). Overexpression and gene
amplification of human epidermal growth factor receptor type
2 (HER2/neu, ERBB2), observed in about 15-20% of breast
cancer cases, is an adverse prognostic indicator associated
with aggressive histopathological parameters and poor
prognosis, compared with other subgroups (2). The principal
goal of current therapies for the treatment of metastatic breast
cancer is to seek longer progression-free (PFS) and overall
(OS) survival, as well as better symptom relief without
increasing toxicity or compromising the quality of life.

Therapeutic strategies have been developed to block
HER?2 signaling pathways, intracellularly as well as
extracellularly, in order to improve the treatment of this
cancer, representing probably the most successful story of
individualized therapy in breast cancer. Trastuzumab, the
first anti-HER?2 drug approved for the treatment of metastatic
HER2-positive breast cancer demonstrated a significant
improvement of PFS and OS (3). However, not all patients
benefit from trastuzumab and in some others the disease
progresses after initial benefit. This led to second-generation
studies in metastatic disease and resulted in the approval of
other HER2-targeted therapies, such as lapatinib, an oral,
small-molecule drug, reversibly inhibiting the adenosine
triphosphate binding site located within the intracellular
kinase domain of HER2 receptor. The combination of
lapatinib with capecitabine was compared to capecitabine
alone in patients previously treated with anthracyclines,
taxanes and trastuzumab in the EGF100151 trial and showed
the superiority of the combination therapy in terms of time
to progression and PFS (4). Even though currently the
survival rates in metastatic HER2-positive breast cancer are
almost 5 years, the persisting high toll of deaths calls for
continued new therapies and combinations.
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46 Articles initially retrieved

Studies not meeting
criteria and excluded: 38

Reason for exclusion
Preclinical studies: 2
Phase | and pharmacokinetic studies:3
Studies on other drugs or combinations: 17
Reviews: 14
Policy and financial aspects studies: 2

1 Duplicate study

Studies meeting criteria: 8

!

Studies meeting criteria and
included: 7

) excluded

Figure 1. Flow diagram of studies retrieved, excluded and included in this systematic review and meta-analysis.

The association of lapatinib with vinorelbine, another agent
with known activity in combination with trastuzumab in
metastatic HER2-positive breast cancer, has been evaluated in
phase II trials and case series and shown activity in terms of
response rates (RR) and disease control rate (DCR) (5, 6). In
the current study, we performed a systematic review and meta-
analysis of lapatinib—vinorelbine-based therapies for the
treatment of metastatic HER2-positive breast cancer.

Materials and Methods

The Medline/Pubmed database (www.ncbi.nlm.nih.gov/pubmed), the
EMBASE (Excerpta Medica) database and the Cochrane Central
Register of Controlled Trials were searched using the terms “lapatinib”,
“vinorelbine” and “metastatic breast cancer”. Titles of articles retrieved
were subsequently checked for relevance and abstracts of articles with
relevant titles were further confirmed for inclusion and then retrieved
as full texts including available supplementary material. Clinical studies
included in this systemic review and meta-analysis discuss patients with
metastatic HER2-positive breast cancer who received a combination of
vinorelbine and lapatinib in any line of therapy and were evaluated for
at least one of the following efficacy outcomes: RR, DCR, PES or OS.
Studies with any type of design (retrospective or prospective) were
included. The plan was to include all studies published in English and
French language but only studies in English were retrieved with the
search criteria and no studies were excluded due to language. A manual
search was performed of the reference list of included studies to locate
additional relevant publications.
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Information that was extracted from the selected articles
included demographic data and characteristics of the population
studied such as age of the patients, Eastern Cooperative
Oncology Group performance status, number and type of
previous lines of chemotherapy treatment, number and sites of
metastatic disease, stage at presentation (local disease versus de
novo metastatic disease), and estrogen receptor status. Efficacy
outcomes (RR, DCR, PFS and OS) with 95% confidence
intervals (95% ClIs) as well as adverse effects data were also
extracted. Risk of bias in the included studies was assessed with
the Risk of Bias in Non-Randomized Studies of Interventions
(ROBINS-I) assessment tool (7).

Extracted data on patient characteristics and outcome measures
were tabularized and descriptive statistics were calculated. Due to
missing characteristics and outcomes of interest in some studies, some
estimates were based on only part of the studies. Data on the number
of studies from which each characteristic and outcome of interest was
derived, as well as the total number of patients each calculation was
based on, were recorded and presented in tabularized form. Statistical
tests for assessment of heterogeneity among the studies included
Cochran’s Q test and 12 test. For outcomes for which the heterogeneity
between studies was low, the fixed-effect model was used. Conversely,
when heterogeneity was high, data were recalculated using a random-
effect model (8). Calculations were performed in Excel (Microsoft
Corp., Redmond, WA, USA) as previously described with some
modifications (9) and confirmed with the open-source online software
Open Meta-analyst, available from Brown University, Providence,
RI (www.cebm.brown.edu/openmeta/) (10). Statistical calculations
were performed with an online tool (Social Science Statistics,
wWwWw.socscistatistics.com).
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Table 1. Studies included in this meta-analysis.

Study (Reference) Year of publication Country Form of vinorelbine Patients (n) RR (%) DCR (%)
Saip et al. (17) 2013 Turkey v 25 16.0 56.0
Chan et al. (15) 2014 Australia v 19 12.5 81.25
Chew et al. (16) 2014 US.A. v 44 40.9 72.72
Janni et al. (11) 2015 Europe v 75 23.07 76.92
Thalinger et al. (18) 2016 Central Europe v 9 11.1 44 .44
Gomez et al. (13) 2016 Latin America v 45 533 73.33
Chen et al. (14) 2018 Taiwan PO 46 19.35 38.7

PO: Per os; IV: intravenous; RR: response rate; DCR: disease control rate.

No funding was received from any source for the performance
of this systematic review and meta-analysis.

Results

The initial search retrieved 46 articles published from 2008 to
2018 (Figure 1). Among these, further review selected seven
articles that fulfilled the inclusion criteria and were retained
for inclusion in the meta-analysis. Reasons for exclusion of
retrieved articles included review format (14 articles), articles
reporting on other drugs or combinations (17 articles), phase
I and pharmacokinetics studies (three articles), articles
referring to policy and financial considerations (two articles)
and studies concerning pre-clinical evaluations (two articles).
From the eight remaining reports, two concerned the same
study (11, 12) and thus the total number of studies included in
the analysis was seven (11, 13-18).

Studies included were performed across the globe in all
continents except Africa and were published from 2013 to
2018 (Table I). All seven studies were prospective. Four
studies had a one-arm phase II multicenter design. Two
studies were randomized multicenter phase II trials and the
vinorelbine/lapatinib arm that was included in the current
meta-analysis was compared to capecitabine/lapatinib in the
one (11) or to capecitabine/lapatinib and gemcitabine/
lapatinib in the other that was a three-arm study (13). The
seventh study included in the analysis was a phase I/II study
(14). Patients in the phase I part of this study were not
included in the outcome analysis. All studies used
intravenous vinorelbine but one, which used oral vinorelbine
(14). The total number of patients included in the seven
studies was 267 and ranged from nine to 75 patients (Table
II). The dose of lapatinib was 1,250 mg daily in five studies
(11, 13, 15, 17, 18), 1,500 mg daily in one study (16), and
1,000 mg daily in the study that was also the only one that
used oral vinorelbine (14). In this latter study, the dose of
oral vinorelbine was 50 mg/m” on days 1 and 8 of a 3-week
cycle and was escalated to 60 mg/m? after the first cycle in
11 patients (14). In the six studies that used intravenous
vinorelbine, the dose was 20 mg/m? on days 1 and 8 of a 3-

Table II. Baseline characteristics of patients from the studies included.
In some studies, the characteristic of interest was not reported.

Patients Total Studies
(n=267), patients with
n (%) with data, n data, n
Age, years
Median (range) 51.7-56 (26-84) 267 7
ECOG PS
0-1 174 (93%) 187 6
2-3 13 (7%)
Prior lines of chemotherapy, n
0 112 (55.2%) 203 7
1 53 (26.1%)
2 19 (9.4%)
3 12 (5.9%)
=4 7 (3.4%)
Type of prior chemotherapy
Anthracycline 35 (61.4%) 57 3
Taxane 25 (43.9%) 57 3
Capecitabine 9 (100%) 9 1
Trastuzumab 135 (63.1%) 214 5
Any prior chemotherapy 179 (75.2%) 238 6
Organs involved, n
1-2 76 (64.4%) 118 4
=3 42 (35.6%)
Sites involved
Visceral 99 (88.4%) 112 3
Non-visceral only 13 (11.6%)
Presentation
Recurrent disease 201 (75.3%) 267 7
Metastatic de novo 60 (22.5%)
Unknown 6 (2.2%)
ER status
Positive 135 (50.6%) 267 7
Negative 132 (49.4%)

ECOG PS: Eastern Cooperative Oncology Group Performance Status;
ER: estrogen receptor.

week cycle except for one study that used a dose of 25
mg/m2 on days 1 and 8 of a 3-week cycle (17).

Risk of bias was estimated to be moderate to high mostly due
to the non-randomized, open-label design of five of the studies
and randomized but also open-label design in the remaining two

3297



ANTICANCER RESEARCH 39: 3295-3301 (2019)

9 =
Study RR (%) 95%Cl (%) 8 - =
Chen et al. (14) 1935 3863483 . | ,
Chan et al. (15) 12.5 0-29.82
Chew et al. (16) 40.9 22-59.79 61 f = '
Janni et al. (12) 23.07 11.39-34.74 S5 L)
Thallinger et al. (18) 11.1 0-32.87 4 4 =
Saip et al. (17) 16 0.32-31.68 3 + = !
Gomez et al. (13) 53.3 31967463 2 - = ]
Summary 244 1439-3442 1 - .—,—4
0 7 T T T T !
0 10 20 30 40 50 60 70 80
RR (%)

Figure 2. Meta-analysis of response rates (RR) with their 95% confidence intervals (CI) of the seven studies included. Data of a total of 235 patients

were analyzed. The summary RR was 24.4% (95%CI=14.39-34.42%).
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Figure 3. Meta-analysis of disease control rates (DCR) with 95% confidence intervals (CI) of the seven studies included. Data of a total of 235
patients were analyzed. Overall, the DCR was 63.38% (95%CI=50.39-76.37%).

studies. Domains with risk of confounding included baseline
confounding characteristics, bias in selection of participants, and
bias in evaluation of outcomes. Regarding RR, a combined
estimate was based on 235 evaluable patients from all seven
studies. The meta-analysis revealed a significant heterogeneity
between studies, with a Q value of 14.72 (p=0.02) and 12 of
59.2. Thus, a random-effect model was used. The estimated RR
was 24.4% (95% Cl=14.39-34.42%) (Figure 2).

Estimation of DCR was based on the same 235 evaluable
patients from the seven studies. Heterogeneity between studies
was intermediate (Q=9.15, p=0.12, 12=34.5) and a random-
effect model was preferred for the analysis. The summary DCR
estimate was 63.38% (95% CI=50.39-76.37%) (Figure 3).

The PFS estimate was based in 267 patients from all seven
studies. Heterogeneity between studies was high (Q=15.9,
p=0.01, 12:62.5) and a random-effect model was retained.
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The summary PFS was 5.44 months (95% CI=4.47-6.42
months) (Figure 4).

Six studies provided information on OS but the median OS
was not reached in one of them (14). As a result, the summary
estimate for OS was based on five studies and a total of 177
patients. Heterogeneity between studies was intermediate
(Q=6.94, p=0.13, 12=42.3) and a random-effect model was also
preferred for the analysis on this occasion. The summary OS
was 20.12 months (95% CI=15.54-24.71 months) (Figure 5).

The most common adverse effects of all grades observed in
the seven studies included diarrhea (64.7% of patients), nausea
(63.1% of patients), neutropenia (57.3% of patients) and
asthenia or fatigue (41.2% of patients) (Table III). The most
common grade 3 and 4 adverse effect was neutropenia (32.5%
of patients). All other grade 3 or 4 adverse effects were
observed in fewer than 10% of patients and most commonly
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Figure 4. Meta-analysis of progression-free survival (PFS) and 95% confidence intervals (CI) of the seven studies included. A total of 267 patients
with data for the PFS were included. The summary PFS was 5.44 months (95%CI=4.47-6 42 months).
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Figure 5. Meta-analysis of overall survival (OS) and 95% confidence intervals (CI) of the five studies included. Data of a total of 177 patients with
information for OS were considered. The pooled OS was 20.12 months (95%CI=15.54-24.71 months).

included diarrhea (8.5%), febrile neutropenia or infection
(5.5%), nausea (5.4%) and mucositis or stomatitis (4.2%).

Discussion

Since the development of trastuzumab, several drugs have
become available for the treatment of HER2-positive breast
cancer. Despite the fact that, due to the availability of new
HER?2-directed therapies, the course of HER2-positive breast
cancer has improved significantly, many patients still die of
metastatic HER2-positive breast cancer, calling for the
investigation of newer therapies or new combinations of the
already available agents.

Lapatinib, a dual-acting, small-molecule tyrosine kinase
inhibitor of HER?2 and epidermal growth factor receptor 1
was approved in 2007 in combination with capecitabine for
the treatment of patients with metastatic HER2-positive

breast cancer who have previously received an anthracycline,
a taxane and trastuzumab (19). Although the combination of
capecitabine with lapatinib is convenient, both medications
being oral, and well-tolerated in general, it may produce
some more difficult to manage overlapping adverse effects
such as diarrhea and palmar—plantar erythrodysesthesia in a
significant minority of patients.

This article reports on a systematic review and meta-
analysis of the use of an alternative, effective and
acceptably tolerated combination of lapatinib and
vinorelbine in patients with metastatic HER2-positive breast
cancer. We documented the use of this combination,
including toxicity and clinical responses, in the patient
population of seven prospective studies. In particular, the
fact that efficacy was apparent in patients previously treated
with trastuzumab- or even lapatinib-based regimens was
encouraging. The current pooled analysis of prospective
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Table III. The most common toxicities from the combination treatment of vinorelbine with lapatinib in patients with metastatic her2-human epidermal

growth factor receptor 2 (HER2)-positive breast cancer.

Toxicity All grades, n (%) Grade 3-4,n (%) Total patients with data, n Studies with data, n
Asthenia/fatigue 110 (41.19%) 11 (4.11%) 267 7
Neutropenia 153 (57.3%) 87 (32.58%) 267 7
Febrile neutropenia/infection 12 (11%) 6 (5.5%) 109 3
Leukopenia 83 (37.2%) 16 (7.1%) 223 6
Anemia 62 (30.69%) 4 (1.98%) 202 4
Peripheral neuropathy 13 (12.5%) 2 (1.9%) 104 2
Nausea 163 (63.17%) 14 (5.4%) 258 6
Diarrhea 167 (64.72%) 22 (8.52%) 258 6
Cutaneous rash 86 (33.33%) 3(1.16%) 258 6
Pain 39 (28.46%) 5 (3.64%) 137 4
Mucositis/stomatitis 42(19.81%) 9 (4.24%) 212 5

series showed a PFS of 5.6 months and DCR of 63.38%,
with a favorable toxicity profile and no alopecia, making
this an attractive option as another regimen in patients after
exposure to trastuzumab or lapatinib-based therapy. The
median OS was 20.12 months, a rate well-matched with
those from other studies of lapatinib and capecitabine
(20,21). Lapatinib in this combination was used mostly
according to the regimen described by Geyer et al. (4).
Regarding the safety profile, the pooled analysis showed
that the incidence of grade 3 or 4 toxicities, including
diarrhea, neutropenia and nausea, was less than 10%. In
addition, the combination of vinorelbine with lapatinib may,
especially valuable in heavily pre-treated patients, have the
advantage of being all oral, at least in countries where the
oral vinorelbine formulation is available.

There are some potential limitations to this meta-analysis.
Firstly, our meta-analysis was based on seven prospective
series and some of them had a relatively modest or small
sample size. This may have led to an overestimation of the
treatment effect compared with studies with larger samples.
Secondly, the patient characteristics varied across studies and
this heterogeneity, especially the number of previous lines of
therapy, may have had a potential impact on our analysis. In
addition, some categories of patients, such as those with
higher Eastern Cooperative Oncology Group performance
status and those with extensive metastatic site involvement,
are less well-represented in the populations included in the
seven studies.

In summary, our meta-analysis represents the most
extensive summary of data regarding the combination of
vinorelbine and lapatinib published to date. This combination
appears to be an active and well-tolerated regimen in patients
with metastatic HER2-positive breast cancer. A PFS of 5.4
months and DCR benefit in excess of 50% of cases seem
particularly compelling arguments that should warrant
consideration of this drug combination for this patient
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population. This combination may serve as an alternative
option for the palliative management of pretreated patients
with preservation of quality of life. Along with the increasing
options for targeting HER2, which besides trastuzumab and
lapatinib currently include other antibody-based drugs
(pertuzumab and ado-trastuzumab emtansine) and small-
molecule kinase (neratinib, tucatinib), this
combination will certainly further improve outcomes for

inhibitors

these patients who not long ago had few options and a very
grim outlook.
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