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Abstract. Purpose: To determine the tolerability and

efficacy of the combination of gefitinib with gemcitabine plus
vinorelbine in metastatic breast cancer (MBC) patients, pretreated with anthracyclines and taxanes. Patients and
Methods: Women with measurable MBC pretreated with
anthracycline- and taxane-based chemotherapy received oral
gefitinib (250 mg/day) continuously combined with
intravenous gemcitabine 1000 mg/m2 and vinorelbine
25 mg/m2 on day 1, every 2 weeks. The first 10 enrolled
patients were evaluated for the safety and tolerability of the
proposed fixed-dose regimen. Results: The study was
discontinued prematurely due to low accrual. Twenty-five
(71% ) of the originally scheduled 35 patients received a
total of 154 chemotherapy cycles. All the patients had
previously received taxane- and 72% additionally
anthracycline-based chemotherapy and 64% of them had
progressive disease as best response to first-line treatment.
Three episodes of dose-limiting toxicities (one non-febrile
neutropenia grade 4 and two non-neutropenic infections
grade 3) were observed in the safety analysis of the first 10
patients. In an intent-to-treat analysis, the overall response
rate was 12% (95% CI, 0-24.7% ), the median time to
tumour progression was 3.5 months (range 1.0-11.5) and the
median overall survival was 10.4 months (range 1.0-46.0).
The main toxicity was hematological, with grade 3 and 4
neutropenia occurring in 6 (24% ) and 4 (16% ) patients,
respectively. Febrile neutropenia occurred in 2 (8.0% )
patients. Conclusion: Although well tolerated, the gefitinib
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plus gemcitabine and vinorelbine regimen achieved a low
response rate in this prematurely terminated trial and
therefore cannot be recommended for women with pretreated MBC.

Breast cancer is the most common malignancy and the most
frequent cause of cancer mortality in women of western
countries. Systemic chemotherapy, given as monotherapy or
in combinations, is the treatment of choice for women with
advanced disease that is hormone receptor-negative or
resistant to hormonal therapy and for women with rapidly
progressive life-threatening disease. In chemotherapy-naive
patients, anthracycline- and/or taxane-based regimens are the
preferable treatment options due to their high efficacy, unless
contraindicated. However, there is an increasing number of
patients who have already been treated with these agents in
the adjuvant or in the first-line metastatic setting and
therefore new therapeutic regimens are warranted for the
subsequent treatment of these patients.
No standard effective treatment exists after failure of both
anthracycline- and taxane-based therapy in patients with
metastatic breast cancer (MBC) and the therapeutic options
are limited (1). Moreover, no randomized trial has ever
demonstrated an overall survival benefit after second-line
chemotherapy (2). Newer cytotoxic agents, such as
gemcitabine, capecitabine and vinorelbine, are among the
available choices (3-5). Combination chemotherapy,
compared with sequential single agent therapy, although
more toxic, has generally no significant difference in activity
or efficacy (6-10). The combination of gemcitabine plus
vinorelbine is attractive due to the activity of each individual
agent and the lack of overlapping toxicities. Based on these
theoretical advantages, the combination has been evaluated
in MBC patients as salvage therapy, in several phase II trials
(11-18). In most of these studies, the cycles were repeated
every 21 days, while in one study (14) both drugs were
administered every 15 days. In the latter study, the efficacy
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was comparable to the other trials, but the observed toxicity
profile was relatively more favourable. Furthermore, in a
recent phase III study, the combination of the two drugs
resulted in better progression-free survival compared with
vinorelbine alone (19).
Breast carcinomas express the epidermal growth factor
receptor (EGFR/HER1) in 14-91% of cases and these
tumors exhibit a more aggressive biological behaviour, by
means of increased capacity for invasion and metastasis (20).
As a consequence, EGFR-expressing breast carcinomas are
associated with a worse clinical outcome (21), although
standardization of EGFR testing is problematic and the
prognostic value of EGFR expression in breast cancer
remains controversial (22-24). Gefitinib (ZD1839, Iressa®),
a reversible EGFR tyrosine kinase inhibitor (25), has a wide
spectrum of antitumor activity including in breast cancer
(26). Preclinical studies have suggested that the combination
of gefitinib with different cytotoxic drugs may enhance their
effectiveness (26, 27).
On the basis of these data, a multicenter, open-label, noncomparative, two-step phase I/II trial was conducted, in order
to evaluate the tolerability and activity of the combination of
gefitinib plus gemcitabine and vinorelbine in women with
MBC pre-treated with anthracycline- and taxane-based
chemotherapy.

Patients and Methods

Eligibility. Female patients aged 18 to 75 years, with histologicallyconfirmed MBC, previously treated with taxane- and/or
anthracycline-based chemotherapy for metastatic disease or as
adjuvant/neoadjuvant treatment, with disease relapse or progression
within six months from completion of chemotherapy, were eligible
for the study. All the patients were required to have measurable,
non-irradiated disease according to Response Evaluation Criteria in
Solid Tumors (RECIST) (28), a World Health Organisation (WHO)
performance status of 0 to 2, predicted life expectancy ≥12 weeks
and good hematological, hepatic and renal function. Patients with
brain metastases were allowed to participate if they had received
cranial irradiation with radiological and clinical improvement or
stabilization. No other concurrent investigational treatment was
allowed. All the patients had to sign a written informed consent
before study entry. The study was approved by the Ethics and
Scientific Committees of our Institution.

Pre-treatment evaluation and follow-up. Patient evaluation included
a detailed medical history and physical examination, a complete
blood cell count with differential and platelet counts, whole blood
chemistry, urinalysis and electrocardiography. All sites of
measurable disease were initially documented by computed
tomography scan or magnetic resonance imaging within a period of
three weeks before study entry. Other imaging modalities were
performed according to symptoms and the physician’s clinical
judgement.
During the study treatment, patient monitoring included the
assessment of concurrent illness and adverse events at all visits.
Complete blood cell count was performed weekly while whole
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blood chemistry and physical examination were performed before
each chemotherapy administration. Tumor assessment was
performed by repeating computed tomography scans or magnetic
resonance imaging studies at the end of cycles 4, 8 and 12.
Responders, who continued treatment with the biological agent
alone at the end of 12 chemotherapy cycles, were followed with
physical examination, hematology and biochemistry tests, adverse
events monitoring and tumor assessment studies every 12 weeks
until disease progression.

Treatment plan. Vinorelbine (Navelbine®; Pierre Fabre, Paris,
France) 25 mg/m2, diluted in 50 ml of normal saline was
administered over a 10 min intravenous infusion on day 1 of each
cycle followed by gemcitabine (Gemzar®; Eli Lilly, Indianapolis,
USA) 1000 mg/m2 diluted in 250 ml of normal saline as an
intravenous infusion over 30 min. Routine antiemetic prophylaxis
with a 5-hydroxytryptamine-3-receptor antagonist was used, 30 min
prior to chemotherapy. Gefitinib (ZD1839, Iressa®; AstraZeneca,
London, United Kingdom) 250 mg as film-coated tablets was
administered orally continuously, once daily. A total of 12 treatment
cycles were administered and each chemotherapy cycle consisted of
14 days. Responding patients and those who had their disease
stabilized at the end of chemotherapy cycles could continue to
receive gefitinib monotherapy, at the same dose of 250 mg, until
disease progression, unacceptable toxicity or withdrawal of consent.
Treatment was routinely given on an out-patient basis.
Dose delays. Chemotherapy administration was interrupted for up to
one week in the case of incomplete recovery from the toxicity of the
previous chemotherapy cycle on the scheduled day of treatment. In
the event of skin toxicity grade ≥2 according to the National Cancer
Institute Common Toxicity Criteria (NCI-CTC) (29) or diarrhea
grade 3, gefitinib was discontinued for up to a maximum of 14 days
until resolution of toxicities or until toxicities decreased in severity to
grade 1. In the case of diarrhea grade ≥2 accompanied by
neutropenia grade 3 or 4, gefitinib was interrupted for up to a
maximum of 14 days, until the absolute neutrophil count (ANC) was
>0.5×109/l with resolution of the diarrhea, or the diarrhea had
decreased in severity to grade 1.

Dose reductions. The doses of gemcitabine and vinorelbine were
reduced by 25% if patients developed neutropenia or thrombocytopenia grade 4, lasting for more than 5 days, non-hematological
toxicity grade 3 or 4 (other than grade 3 nausea/ vomiting that could
be prevented by premedication) or febrile neutropenia (oral
temperature >38˚C with ANC <1.0×109/l). Additionally, if
chemotherapy treatment was postponed twice, either consecutively
or in subsequent chemotherapy cycles, because of delayed recovery
from previous toxicity attributed to these drugs, the doses of
vinorelbine and gemcitabine were also reduced by 25% . No dose
reduction of gefitinib was allowed.
Discontinuation of treatment. If, despite dose reduction, the patient
developed grade 4 hematological or grade 3 or 4 non-hematological
toxicity or had not fully recovered from the toxicity of the previous
chemotherapy administration on the scheduled day of treatment, the
treatment was discontinued permanently.
Dose-limiting toxicities. Dose-limiting toxicity (DLT) was defined as
any of the following toxicities occurring during the first month of
treatment (i.e. the first 2 cycles): grade 4 neutropenia or
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thrombocytopenia lasting for more than 5 days; non-hematological
toxicity grade 3 or 4 (other than grade 3 nausea/vomiting or grade 3
rash); febrile neutropenia (oral temperature >38˚C with ANC
<1.0×109/l); significant corneal epithelial change (≥ grade 2) and any
treatment delay for more than one week due to unresolved toxicity.

Study end-points. The primary objective of the trial was the
evaluation of activity of the gemcitabine plus vinorelbine with oral
gefitinib combination, in women with MBC pre-treated with taxane
and anthracycline chemotherapy by estimating the objective
response rate. Secondary objectives were the estimation of: disease
control rate (complete response, partial response and stable disease),
progression-free and overall survival and the evaluation of acute
(including DLT) and cumulative toxicity, as well as overall
tolerability of the combination.
Tumor response was defined according to the standardized
response definitions of the RECIST criteria (28). CT scans of the
target lesion(s) were performed at baseline and every 4 cycles of
chemotherapy (every 8 weeks) and every three months after the end
of treatment. Tumor responses were confirmed by a second
evaluation at least four weeks later. Toxicity was evaluated and
graded according to NCI-CTC criteria (29).

Statistical design and analysis. This was an open-label, noncomparative, multicenter, two-step phase I/II trial. Recruitment
proceeded in two steps to ensure the safety of the combination.
Initially, 10 patients were enrolled to evaluate the safety and
tolerability of the proposed fixed-dose regimen of combination
therapy. A full safety evaluation was conducted for the initial 10
patients after 2 cycles (4 weeks) of combination therapy before
further patients were treated. If 3 or fewer patients experienced DLT
during the first month of treatment, then the study would proceed
to the phase II part and the patient cohort would be expanded to 35
patients for evaluation of the efficacy of the combination. If four or
more patients of the initial 10 patients experienced DLT, the dose
of gemcitabine and vinorelbine would be reduced by 25% and a
further 10 patients would be recruited at the new dose level. If
tolerated well, this lower dose level would be expanded to 35
patients. If the combination at the lower dose was not well tolerated,
the trial would be terminated.
The Fleming method was used to calculate the number of
patients required (30). A sample size of 35 patients was sufficient
to give an 80% probability of rejecting a baseline response rate of
20% with an exact 5% one-sided significance test when the true
response was at the clinically relevant rate of 40% . The hypothesis
that the response rate was equal to or less than the baseline would
be rejected if 12 or more responses were observed out of the 35
patients. The safety analysis and the intention-to-treat population
consisted of all the patients who were enrolled in the study. The
analysis population for all efficacy end-points was the intentionto-treat population. The standard summary statistics for discrete
variables were: count and proportion. The response rates and
controlled disease rates were summarised by proportions together
with a 95% confidence interval (CI) and the objective response
rate would also have a 90% CI calculated. Durations of
progression-free survival and overall survival were estimated by
Kaplan-Meier methods. The trial treatment would be deemed to
have clinically relevant activity if the hypothesis that the objective
response rate was 20% was rejected in favor of a higher objective
response rate.

Table I. Patient characteristics.
Median age (years) (min – max)
Performance status
0
1
2
ER / PR / HER2 status
ER/PR- positive, HER2 positive
ER/PR-positive, HER2 negative
ER/PR-negative, HER2-positive
ER/PR-negative, HER2-negative
Unknown status
Prior therapy
Surgery
Radiotherapy
Adjuvant hormonotherapy
Adjuvant chemotherapy
Line of therapy
2nd
3rd
≥4th
Response to 1st-line treatment
PR
SD
PD
No. of organs involved
1
2
≥3
Organs involved
Bones
Nodes
Lung
Liver
Skin
Central nervous system

N=25

55 (27-75)

%

8
16
1

32
64
4

23
11
19
18

92
44
76
72

2
10
4
4
5

8
9
8

2
7
16

14
8
3
6
5
9
15
6
2

8
40
16
16
20

32
36
32

8
28
64
56
32
12

24
4
36
60
24
8

ER: estrogen receptor, PR: progesterone receptor, HER2: human
epidermal receptor 2. PR: partial response, SD: stable disease, PD:
progressive disease.

Results

Patient demographics. Between August 2002 and January
2006, twenty-five (71% ) of the originally scheduled 35
patients with MBC were recruited in two centers. The study
was then closed prematurely due to low accrual. The
patients’ demographic characteristics are given in Table I.
All the patients had received taxanes and most of them
(72% ) had also received anthracyclines in the
adjuvant/neoadjuvant or in the first-line setting. Almost all
the patients (92% ) had visceral disease. Two (8% ) patients
had metastasis in the central nervous system. Notably, the
majority of patients (64% ) had progressive disease as best
response to first-line treatment.
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Table II. Adverse events related to study treatment.

Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
Infection without neutropenia
Fever without infection
Nausea
Vomiting
Diarrhea
Stomatitis
Allergy
Constipation
Neurotoxicity
Skin toxicity
Asthenia
Conjuctivitis
Liver toxicity
N=number of patients.

Grade I

Grade II Grade III Grade IV

2
12
6
2
7
1
6
3
2
3
3
7
3
2
2

5
6
1
1
1
2
1
1
1
1
-

N

%

8
48
24
8
28
4
24
12
8
12
12
28
12
8
8

N

%

20
24
4
4
4
8
4
4
4
4
-

N
6
1
2
1
1
1
1
-

%

24
4
8
4
4
4
4
-

N %
4
2
-

16
8
-

Treatment administration. All the patients received at least
one administration of chemotherapy and were assessable
for toxicity. A total of 154 chemotherapy cycles were
administered (median 5 cycles per patient, range 1-12).
Twenty-six (17% ) cycles were delayed due to
hematological (n=14), non-hematological (n=3) toxicity or
both (n=1) and late admission (n=8). In 6 (24% ) cycles,
the dose was decreased due to hematological toxicity. Two
(8% ) patients completed their treatment as per protocol.
The main reason for treatment discontinuation was disease
progression (60% ). There was one major protocol violation
(consent withdrawal) and this patient was included in the
intention-to-treat analysis. No treatment-related death
occurred during the study and all the deaths were due to
disease progression.

Toxicity. In the initial part of the study, assigned for the
evaluation of safety and tolerability of the regimen, nonfebrile neutropenia grade 4 occurred in one patient while two
other patients developed non-neutropenic, febrile infection
grade 3; all the patients required hospitalisation for
intravenous administration of antibiotic therapy and all
recovered uneventfully. The rest of the recorded toxicities
were mild (grade ≤2). Since no more than three patients
experienced DLT, the trial expanded and the rest of the
patients entered the study as scheduled.
All grades of treatment-related toxicity for the enrolled 25
patients are listed in Table II. Neutropenia was the main
toxicity, with an incidence of grade 3 and 4 in six (24% ) and
four (16% ) patients, respectively. Febrile neutropenia
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Figure 1. Kaplan-Meier probability of survival for the 25 patients
treated with the vinorelbine-gemcitabine and gefitinib combination.

occurred in two (8.0% ) patients. The other hematological
toxicities were mild (Table II). One (4% ) patient developed
a grade 3 acne-like rash, that resolved one week after
gefitinib treatment suspension, but subsequently experienced
disease progression and the treatment was discontinued.
Only one (4% ) patient discontinued therapy due to a
treatment-related adverse event (febrile neutropenia grade 4).

Clinical activity. The median follow-up period of the study
was 10.1 months (range 1.0-46.0). On an intention-to-treat
analysis of the 25 patients enrolled in the trial, no complete
response was recorded while three (12% ) patients achieved
a confirmed objective partial response, resulting in an overall
response rate of 12% (95% CI, 0-24.7% ). Seven (28% )
patients had stable disease, while 15 (60% ) patients
experienced disease progression. The duration of response
for the three responding patients was 3.1, 5.9 and 8.4
months. The median time to tumor progression was 3.5
months (range 1.0-11.5). The median overall survival was
10.1 months (range 1.0-46.0) and the estimated 1-year
survival rate was 37.8% (Figure 1).

Discussion

To the best of our knowledge, this is the first study
evaluating the tolerability and efficacy of the combination of
gemcitabine plus vinorelbine and gefitinib, an oral EGFR
tyrosine kinase inhibitor, in women with MBC previously
treated with anthracyclines and taxanes. The chemotherapy
combination of gemcitabine plus vinorelbine has been
previously explored in phase I/II studies and in various
treatment plans (11-18). The regimen showed promising
anti-tumor activity with response rates ranging from 22% to
58% , depending on previous exposure to chemotherapy. The
major dose-limiting toxicity was myelosuppression.
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In some recent phase II trials (17, 18, 31), the efficacy of
the gemcitabine and vinorelbine combination was evaluated
in patients previously treated with anthracyclines alone
and/or taxanes, with response rates ranging from 33 to 44% .
Activity as well as toxicity was similar in the subgroups of
patients pretreated with either combinations of taxanes and
anthracyclines or anthracyclines alone, at least in one trial
(17). Moreover, in a phase III trial, 252 women with
advanced breast cancer, pretreated with anthracyclines and
taxanes, were randomized to receive vinorelbine alone or in
combination with gemcitabine (19). Patients assigned to the
combination arm had better progression-free survival;
however, this did not translate into a significant difference in
overall survival. In that study, vinorelbine was administered
at 30 mg/m2 and gemcitabine at 1200 mg/m2, on days 1 and
8 in cycles every 21 days.
In pre-clinical studies and animal models, gefitinib could
reverse resistance through inhibition of the breast cancer
resistance protein, at least when combined with some
chemotherapeutic drugs, such as SN-38 and topotecan (32).
Nevertheless, others have shown conflicting results for the
combination of gefitinib with cytotoxic agents such as
cisplatin, gemcitabine, oxaliplatin, treosulfan and treosulfan
plus gemcitabine (33). The in vitro models suggested that
gefitinib may have differential effects in response to
concomitant cytotoxic chemotherapy. The mechanism
involved may relate to the effect of tyrosine kinase inhibitors
(TKIs) on growth rate versus their effect on the ability of the
cell to survive the stimulus to apoptosis produced by
chemotherapy (33).
Despite the initial promising results of an early open-label
study in patients with MBC (34), gefitinib monotherapy at
500 mg/day was not efficacious in women with breast cancer
pre-treated with taxane- and anthracycline-based
combinations (35). The same observation in a similar patient
population was extended to erlotinib, another EGFR tyrosine
kinase inhibitor (36). However, there appears to be subgroup
of tamoxifen-resistant, estrogen receptor-positive women
who might gain some benefit from gefitinib treatment (20).
The combination of vinorelbine and gefitinib in squamous
cell carcinoma of head and neck cell lines resulted in a
supra-additive or additive cytotoxic effect demonstrating the
possible benefit of combining an EGFR-targeting compound
with a cell cycle specific drug (37). Despite the
disappointing results in patients with lung cancer, for the
combination of gefitinib with either gemcitabine and
cisplatin (38) or paclitaxel and carboplatin (39), some other
encouraging data of gefitinib treatment alone or with low
dose vinorelbine given every 2 weeks have been reported in
Chinese patients with adenocarcinoma of the lung who had
failed at least 2 prior chemotherapy regimens (40). The coadministration of gefitinib either with single agents
(epirubicin, docetaxel) or with combinations (paclitaxel-

carboplatin, epirubicin-paclitaxel) in unselected breast cancer
patients was tested in some phase I/II studies and generally
did not seem to add any substantial benefit (41-44).
Although the present study was closed prematurely due to
low accrual, the observed response rate (12% ) in the intentto-treat population did not satisfy the initial statistical
hypothesis, so the combination of gefitinib with vinorelbine
and gemcitabine was deemed to be ineffective in patients
with MBC pre-treated with anthracyclines and taxanes. The
observed toxicities related to the tyrosine kinase inhibitor
were as expected. However, the bi-weekly administration of
the cytotoxic drugs was less toxic compared with the usual
combination of these agents given in a 21-day cycle. This is
in accordance with another, similarly designed, phase II trial
where the observed response rate was higher (54% ),
probably due to the fact that only 50% of these patients had
been previously exposed to taxanes (14). Moreover, in our
study, the incidence of febrile neutropenia was not a major
limitation of the combination, unlike one previous trial where
gefitinib seemed to exacerbate the neutropenic effect of
vinorelbine (45). Furthermore, in the Chinese study cited
above, the addition of gefitinib to low-dose vinorelbine was
not associated with a high incidence of febrile neutropenia
in pre-treated patients with lung cancer (40).
Although most of the patients’ primary tumors were tested
for ER/PR and HER2 expression, a major limitation of our
study was that the EGFR status and the associated
downstream molecular pathway were not evaluated. There is
some evidence that basal-like breast carcinomas overexpress
EGFR and theoretically these patients might gain some
benefit from EGFR blocking agents (46). In the present
study, only one out of four patients with basal-like (triple
negative) breast cancer experienced disease stabilization as
best response and the other three progressed while on
treatment. Furthermore, even the higher dose (500 mg) of
gefitinib monotherapy was ineffective in a similar cohort of
taxane- and anthracycline-pretreated breast cancer patients
and there was no correlation between EGFR expression and
response to gefitinib (35). The mitogen-activated protein
kinase (MAPK) pathway has been implicated for resistance
to gefitinib at least in breast cancer cell lines and thus might
explain, at least in part, the above results (47). Of note, Feng
et al. have recently demonstrated that gemcitabine causes
EGFR degradation and this may be one of its mechanisms of
action, thus rendering the role of gefitinib in this particular
combination even more questionable (48).
The most solid data concerning the efficacy of the
combination of vinorelbine and gemcitabine in women pretreated with anthracyclines and taxanes emerged from a
recently published phase III trial (19) in which higher
doses of both chemotherapeutic agents were used. The
observed response rate was 36% (95% CI: 28-45% ),
progression-free survival was 6.0 months (95% CI: 4.83023
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7.1) and overall survival was 15.9 (95% CI: 12.6-19.1)
months. In comparison with these data, the results of the
present study indicated that the addition of gefitinib to the
vinorelbine-gemcitabine regimen yielded inferior responses
and survival. Some possible explanations for these
differences could be the small sample size of the present
trial, the different design and doses of chemotherapy
administration, the aggressive biological behavior of the
tumor in the majority of enrolled patients (as 64% of them
experienced disease progression in the first-line setting and
most of them had visceral involvement), a possible
antagonistic effect between the tyrosine kinase inhibitor
and the cytotoxic combination and, last but not least, the
inability to select those patients who would be more likely
to gain a significant clinical benefit from this combined
treatment. However, based on our results, we do not
recommend the use of this regimen in women with pretreated MBC.
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