
Abstract. The management of human epidermal receptor-2
(HER-2) negative metastatic breast cancer (MBC) is usually
problematic, since no standard therapy exists in this setting. For
some patients, combination chemotherapy represents a
valuable approach, although its use is often limited by the risks
of increased toxicity as well as impairments in quality of life
(QoL) that often outweigh the marginal efficacy benefit.
Against this background, the use of taxanes, either paclitaxel
or docetaxel, in combination with gemcitabine as first-line
treatment of HER-2 negative MBC is supported by the
evidence of the single-agent activity of these drugs, beneficial
pharmacological interactions, different mechanisms of action
and largely non superimposable toxicity profiles. A number of
phase II studies have explored the activity of a taxane plus
gemcitabine in both chemonaïve and pretreated MBC patients,
all showing remarkably high response rates and exceptional
tolerability. In randomized phase III trials, the paclitaxel and
gemcitabine combination showed significant improvements in
objective responses, time to progression and overall survival, as
compared to paclitaxel monotherapy, whereas the docetaxel
and gemcitabine doublet demonstrated equal efficacy and
better tolerability, as compared to docetaxel plus capecitabine.
In addition to standard threeweekly dosing regimens,

alternative schedules of administration of taxanes and
gemcitabine doublets (weekly, twoweekly) might deserve further
investigation due to their potential usefulness in reducing
pharmacological toxicity while maintaining or increasing dose-
intensity and clinical efficacy. Furthermore, uncertainty exists
on which taxane should be preferred in combination with
gemcitabine, since no head-to-head comparison between
paclitaxel-gemcitabine and docetaxel-gemcitabine has been
performed so far. Ongoing trials will address these issues and
future investigations will also include the evaluation of
bevacizumab, the monoclonal antibody targeted against
vascular endothelial growth factor (VEGF), in combination
with taxanes and gemcitabine doublets.

Metastatic breast cancer (MBC) is an incurable disease in
which the goals of treatment aim at prolonging life and
palliating symptoms as well as improving quality of life
(QoL). Given the significant relationship existing between
response to treatment and survival (1), the clinical decision
regarding first-line treatment of advanced disease is of crucial
importance for determining the prognosis of MBC patients.
Among the factors guiding treatment choice, HER-2 over-
expression is probably the most important parameter, since
it represents the basis for treatment with the anti-HER-2
monoclonal antibody trastuzumab. In fact, in HER-2 positive
MBC, the use of trastuzumab plus chemotherapy has
produced impressive response rates (RRs) (2, 3) and in a
randomized phase II and in a pivotal phase III trial, the
addition of trastuzumab to chemotherapy led to significant
improvements over chemotherapy alone in all clinical
variables including overall survival (OS) (4, 5). More recently,
in a randomized trial of metastatic patients with HER-2
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positive, estrogen-receptor positive breast carcinomas,
trastuzumab plus endocrine therapy resulted in increased
RRs, time to progression (TTP) and OS, as compared to
endocrine therapy alone (6). Furthermore, trastuzumab used
as adjuvant therapy either concomitant with or sequential to
chemotherapy, has been shown to prolong significantly the
disease free and OS of HER-2 positive early breast tumors
(7). In view of these results, trastuzumab-based therapies
have been extensively incorporated in the management of
HER-2 positive breast cancer.

The choice of treatment of HER-2 negative disease is
usually problematic since no standard up-front therapy
exists for this population. In this context, the type of
treatment received in the adjuvant setting is one of the most
important factors determining choice of first-line treatment.
As a general rule, estrogen-receptor positive patients,
especially if asymptomatic and without visceral disease,
should be treated up-front with endocrine therapy, whereas
chemotherapy is an important option for patients with
estrogen-receptor negative disease, for those with estrogen-
receptor positive disease who progress after one or more
endocrine treatments and for those in whom the presence
of an extensive metastatic burden or visceral involvement
make a rapid response necessary. 

With regard to first-line chemotherapy for MBC, despite
a significant improvement in RRs and TTP achieved with
combination therapies of two or more drugs, it is still
unclear whether poly-chemotherapy provides superior
survival, as compared to mono-chemotherapy. Interestingly,
a recent meta-analysis suggested only a modest survival
advantage for poly-chemotherapy, although it was
associated with significantly worse toxicities (8). 

Currently, several cytotoxic drugs are available for the
treatment of MBC. Anthracyclines (doxorubicin and
epirubicin) have been widely used as single-agents or in
combined treatments since the 1980s, whereas taxanes
(paclitaxel and docetaxel) were introduced in the 1990s and
evaluated as follow-on therapy or in combination with
anthracyclines. More recently, the number of available
drugs has further increased, thus opening the door to more
effective management of MBC. 

Taxanes in MBC

Taxanes, namely paclitaxel and docetaxel, are among the
most active cytotoxic agents for the treatment of MBC in
patients previously treated with anthracyclines. Taxanes exert
their antitumor activity by disrupting the balance of
microtubulin polymerization and depolymerization, thereby
blocking normal mitotic spindle development and subsequent
cell division (9). Clinical studies of paclitaxel as a single-agent
revealed RRs of 23% to 48% in patients with anthracycline-
resistant disease and 29% to 62% in patients who were

chemonaïve for MBC (10), whereas docetaxel produced RRs
ranging from 30% (in heavily pretreated patients) to 42% (in
patients with less extensive pre-treatment) (11). 

Indirect evidence has suggested that docetaxel has higher
efficacy than paclitaxel in MBC (12, 13). More recently, a
phase III study of comparison between paclitaxel and
docetaxel was performed in order to establish the
superiority of one taxane over the other (14). In this study,
449 patients with anthracycline-pretreated MBC were
randomized to paclitaxel 175 mg/m2 or docetaxel 100 mg/m2

with both drugs administered every three weeks until
progression or unacceptable toxicity. Docetaxel prolonged
TTP and OS, as compared to paclitaxel, although it was
associated with greater side-effects, especially in terms of
myelosuppression. 

Interestingly, both paclitaxel and docetaxel have been
successfully combined with anthracyclines as first-line
treatment of MBC and compared with anthracyclines
administered either alone or in taxane-free combinations (15-
22). In this context, docetaxel-containing regimens were
associated with increased RRs in all studies (20-22), and
longer TTP in two studies (21, 22), whereas paclitaxel
combinations gave more variable results in terms of clinical
outcome (15-19). However, with the increased incorporation
of anthracyclines into adjuvant breast cancer therapy, taxanes
have been used more frequently as combination partners and
comparators for randomized phase III trials of newer agents
in anthracycline-pretreated patients. In this setting, a
randomized phase III trial showed that the addition of the
oral fluoropyrimidine capecitabine to docetaxel significantly
improves RRs, TTP and OS, as compared to docetaxel alone,
thus leading to the approval of the docetaxel and capecitabine
combination as a first-line treatment of MBC (23).

In an attempt to reduce toxicity while maintaining or
increasing clinical efficacy, new schedules of taxanes differing
from standard threeweekly dosing regimens have been
developed. Modification of taxane schedules may also extend
the chemotherapeutic options for combined therapy with
other cytotoxics. In particular, weekly taxanes would probably
be an optimal strategy to adopt, since, by administering lower
doses more frequently, toxicity may decrease while
maintaining the dose intensity necessary for anti-tumor
activity. The randomized studies comparing weekly taxanes
versus threeweekly taxanes are listed in Table I. The studies
investigating weekly administration of paclitaxel have
demonstrated superior efficacy over threeweekly
administration (24, 25), also showing a diverse toxicity profile
between the two schedules (24). With regard to docetaxel, the
weekly schedule was compared to the threeweekly regimen
in two randomized phase II studies in which it was
demonstrated that weekly docetaxel was at least as effective
as the every-3-weeks regimen and associated with significantly
less haematological and non-hematological toxicity (26, 27).
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HER-2 Status and Sensitivity to 
Taxane-based Therapy

Preclinical data obtained from breast cancer cell lines with
high HER-2 receptor levels seem to suggest a strong
correlation between HER-2 overexpression and resistance
to taxanes (29), especially paclitaxel (30, 31). As a result, it
might be hypothesized that HER-2 negative status would
predict sensitivity to taxanes. However, in clinical studies
contradictory results have been obtained with regard to the
potential value of HER-2 overexpression as a predictor of
resistance to taxanes, with some studies reporting no
association or even increased sensitivity to taxanes in HER-
2 positive MBC (32). Methodological flaws of these studies
included mainly the heterogeneity of marker assessment and
the retrospective evaluation of HER-2 in a subset of
patients enrolled in studies originally designed to answer
other questions. Moreover, because HER-2 overexpression
clearly affects the prognosis of breast cancer patients,
differences among the HER-2 subgroups in clinical
outcomes other than response rate may not accurately
reflect the predictive value of Her-2. As a result, the use of
HER-2 to determine the prescription of taxane-based
chemotherapy in either the adjuvant or metastatic setting
cannot be currently recommended (33).

More recently, attention has focused on the predictive
value of response to chemotherapy of triple negative breast
carcinomas, namely those tumors which are found negative
at immunohistochemistry for HER-2, estrogen and
progesterone receptors. In the neoadjuvant setting it has been
shown that these tumors are highly responsive to several
cytotoxics (34-36), including paclitaxel and docetaxel (35, 36).
However, it is still unclear which agents induce the best
response rates in this subset of tumors, and current research
should be conducted in order to address this issue (37).

Gemcitabine

Gemcitabine is a potent and specific deoxycytidine analog
whose mechanisms of action and metabolism have been well
characterized (38). Gemcitabine is deaminated by
deoxycytidine deaminase to 2',2'-difluorodeoxyuridine (dFdU)
or activated by deoxycytidine kinase to dFdC-5'-
monophosphate (dFdCMP). Difluorodeoxyuridine is inactive,
while dFdCMP is further metabolized to dFdC-5'diphosphate
(dFdCDP) and dFdC-5'triphosphate (dFdCTP) which, when
incorporated into DNA, leads to chain termination. 

Gemcitabine has been shown to be active in various solid
tumors including breast cancer where it has been
investigated either alone or as a combination therapy. The
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Table I. Head-to-head randomized comparisons between weekly and threeweekly paclitaxel and docetaxel respectively.

Author (year) Type of study Study design Clinical outcome (OR and TTP) Toxicity

Seidman et al. Randomized Paclitaxel 80 mg/m2/ ↑ OR and TTP ↑ Neutropenia 
(2004) phase III wk vs. Paclitaxel for weekly for threweekly 
(24) study 175 mg/m2 q 3 wks†§ paclitaxel paclitaxel

↑ Sensory/motor 
toxicity for 
weekly paclitaxel

Verrill et al. Randomized Paclitaxel 80 mg/m2/ ↑ OR for weekly No difference
(2007) phase III wk x 3 months vs. paclitaxel
(25) study Paclitaxel 175 mg/m2

q 3 wks x 6 cycles

Sedky et al. Randomized Docetaxel 35 mg/m2/ No difference ↑ Neutropenia, fatigue,
(2002) phase II wk x 6 wks q 8 wks fluid retention, nausea 
(26) study x 4 months vs. Docetaxel and/or vomiting for

100 mg/m2 q 3 weeks x 6 cycles threeweekly docetaxel

Tabernero et al. Randomized Docetaxel 40 mg/m2/ No difference ↑ Neutropenia, febrile
(2004) phase II study wk x 6 wks q 8 wks vs. neutropenia, 
(27) Docetaxel 100 mg/m2§ neurotoxicity, stomatitis

for threeweekly docetaxel

†Patients randomized at paclitaxel 175 mg/m2 were combined with patients treated with the same schedule in a previous CALGB study (28); 65%
of patients in the weekly arm started with 100 mg/m2/wk, modified to 80 mg/m2 after the initial weeks of therapy. §Treatment continued until
disease progression or unacceptable toxicity. OR: overall response, TTP: time to progression.



most commonly used schedule in clinical practice is 1000
mg/m2 administered weekly for three weeks followed by one
week of rest, which provides the most acceptable toxicity
profile with the greatest dose-intensity (39).

Gemcitabine in MBC: Single Agent Results

In phase II studies of MBC, gemcitabine has been shown to
be active and safe as a single-agent in either chemonaïve or
pretreated patients (40-49). All studies employed a weekly
schedule in which gemcitabine was administered at doses
ranging from 800 to 1250 mg/m2 on days 1, 8 and 15 every
four weeks. Overall, more than 300 patients were enrolled
in these phase II studies with responses ranging from 14%
to 42%. Interestingly, by combining the activity results of
these studies, gemcitabine provided a lower response in
patients who had been previously exposed to both
anthracyclines and taxanes (Figure 1), whereas no apparent
relationship was observed between gemcitabine dose and
tumor response (Figure 2). 

With regard to toxicity, weekly gemcitabine proved to be
a tolerable regimen with grade 3 neutropenia and
thrombocytopenia observed in approximately 30% and 10%
of cases respectively. Among the non-hematological
toxicities, asthenia, alteration in hepatic function and nausea
and vomiting were reported quite frequently.

Interestingly, a small study tested weekly gemcitabine
250 mg/m2 as a 6-h infusion (50), given the evidence that a
prolonged gemcitabine infusion increases intracellular
concentrations of the active metabolite dFdCTP, thus

potentially leading to greater antitumor activity (39). This
study showed that a prolonged infusion schedule of
gemcitabine was active in MBC suggesting that this
regimen, in addition to the standard 30 minutes infusion,
might be considered for combination therapies in MBC.

Gemcitabine and Taxanes: 
Preclinical Considerations

Gemcitabine and each of the taxanes are active single
agents in MBC, have different mechanisms of action and
have non-overlapping toxicity profiles. This would seem to
indicate their potential usefulness as a combination
treatment. Moreover, preclinical studies suggest that the
combination of taxanes and gemcitabine exerts in vitro
potentiating cytotoxic effects based on the sequence of
drug administration (51-54). In non-small cell lung cancer
cell lines the administration of gemcitabine following that
of paclitaxel increased two-fold the intracellular
accumulation of dFdCTP, the active metabolite of
gemcitabine, thus resulting in a sequence-dependent
additive cytotoxicity (52). More recently, the same
sequence was investigated in breast cancer cell lines even
showing synergistic interaction (53). Similarly, in human
gastric cell lines a synergistic effect was observed with the
docetaxel-gemcitabine sequence, whereas the inverse
sequence or simultaneous exposure of the two drugs
resulted in an antagonistic effect (54). On the basis of such
findings the clinical evaluation of taxanes and gemcitabine
was promptly undertaken. 
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Figure 1. Activity of single-agent gemcitabine in relation to treatment line
of metastatic disease (% of responses).

Figure 2. Activity of single-agent gemcitabine in relation to dosage (% of
responses).



Which Companion Agent for Gemcitabine?
Paclitaxel

A few phase II studies have investigated the association of
paclitaxel and gemcitabine in previously treated MBC with
responses varying on the basis of the number of prior
treatments (55-57) (Table II). In patients who had been
heavily pretreated this combination showed a RR of about
45% (56, 57), whereas 55% of responses were observed
when the gemcitabine and paclitaxel combination was used
in a less heavily pretreated population (55). Notably, in one
of these studies Vici et al. reported an activity of 46%
despite more than three quarters of the patients had been
previously exposed to docetaxel (57), thus suggesting
incomplete cross-resistance between paclitaxel and
docetaxel, as reported elsewhere (58, 59). Toxicity, which
consisted mainly of myelosuppression, was easily managed
by schedule modifications in one study (55) and growth
factor support in the studies including patients with
retreated MBC (56, 57).

Three phase II trials evaluated the paclitaxel and
gemcitabine combination as first-line treatment of MBC
(60-62) (Table II). In these studies the RRs ranged from
35% to 70% and TTP ranged from 7.2 to 16.6 months. This
discrepancy in terms of clinical outcome is remarkable, and
might be at least in part attributed to the higher percentage
of patients exposed to adjuvant anthracyclines in the study
reporting the more disappointing results (61). Furthermore,

this trial showed a particularly high incidence of grade 3-4
neutropenia which led to omission of the gemcitabine dose
in 72.9% of cases.

Based on the positive results obtained in phase II studies,
the paclitaxel-gemcitabine (GT) doublet was compared with
a standard arm of paclitaxel (T) mono-therapy in a
randomized phase III trial (63), and recently updated (64)
(Figure 3B). Out of 529 chemonaïve MBC patients prior
neoadjuvant/adjuvant use of anthracyclines was documented
in 96% of cases and about three quarters of the individuals
suffered from visceral metastases. The clinical outcome
significantly favoured the GT arm in terms of RRs (41.4%
vs. 26.2%, respectively, p=0.0002), TTP (6.1 months vs. 4.0
months respectively, p=0.0002) and the primary end-point
OS (18.6 months vs. 15.8 months respectively, p=0.0489)
(64). Interestingly, these improvements were obtained with
only a modest increase in severe hematological
(neutropenia) and non-hematological toxicities (motor
neuropathy, fatigue and transaminase elevations) for the
GT arm, as compared with T. However, despite a slight
difference in toxicity favoring T, patients on the GT arm
reported a significantly improved QoL by cycles 5 and 6 (as
measured by a four-scale QoL assessment in which physical
symptom distress, psychological distress, activity level and
overall valuation of life were considered), suggesting that
the GT combination was not associated with the cumulative
toxicities of chemotherapy that so often have a negative
impact on QoL (65). Moreover, according to the Brief Pain
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Table II. Single arms phase II studies of paclitaxel and gemcitabine in MBC and different schedules adopted*.

Author, year Pts Treatment line for Schedule ORR TTP Grade 3-4 Grade 3-4 
MBC/Type of (months) hematological non-hematological 
prior therapy toxicity† toxicity†

Threeweekly Murad et al.§ 29 2nd and 3rd line G 1000 mg/m2 1,8 + 55% NR Neutropenia=34% -
schedule (55), 2001 Anthracyclines 100% T 175 mg/m2 1 q 21a

Delfino et al. 45 1st line Anthra- G 1200 mg/m2 1,8 + 66.5% 11 Thrombocytopenia=13.5% Mucositis=15.5%
(60), 2004 cyclines 26.5% T 175 mg/m2 1 q 21 Neutropenia=13.5% Alopecia=18%
Allouache et al. 40 1st line G 1200 mg/m2 1,8 + 35% 7.2 Neutropenia=85% Alopecia=75%
(61), 2005 Anthracyclines T 175 mg/m2 1 q 21

62.5%

Twoweekly Sanchez et al. 44 Pretreated MBC G 2500 mg/m2 1,15 + 45.5% 7 Neutropenia=15% -
schedule (56), 1998 Anthracyclines 93% T 135 mg/m2

Paclitaxel 20.5% 1,15 q 28
Colomer et al. 43 1st line Anthra- G 2500 mg/m2 1,15 + 70% 16.6 Neutropenia=29% -
(62), 2004 cyclines 32.5% T 150 mg/m2 1,15 q 28 46% 9 - Neurotoxicity=10%
Vici et al. 39 Pretreated MBC G 1500 mg/m2 1,15 + Alopecia=89.5%
(57), 2006 Anthracyclines 100% T 150 mg/m2 1,15 q 28

Docetaxel 84.5%

MBC - metastatic breast cancer; NR - not reported; ORR - overall response rate; Pts - patients; TTP - time to progression. *All analyses carried
out in an intention-to-treat (ITT) population. †Reported toxicities in ≥10% of patients. §First five patients treated with Paclitaxel 175 mg/m2 d 1
and Gemcitabine mg/m2 d 1, 8, 15 q 28; schedule modification after the occurrence of unacceptable thrombocytopenia. G: Gemcitabine, T:
Paclitaxel.



Inventory, among patients requiring analgesics at baseline,
more patients on the GT arm were able to reduce
consumption of analgesics after cycle 1, as compared to the
T arm (65). On the basis of these results, the gemcitabine
and paclitaxel combination received approval for the first-
line treatment of MBC after failure of prior adjuvant/
neoadjuvant anthracycline-containing chemotherapy.

Which Companion Agent for Gemcitabine?
Docetaxel

Several phase II studies have explored the activity of
gemcitabine combined with docetaxel, all showing that these
drugs can be safely administered in different treatment
modalities, with interesting results in terms of activity and
safety (66-75) (Table III). As expected, response rates and
time to progression varied considerably depending on
whether this combination was used in the first- or second-
line setting. Studies evaluating docetaxel and gemcitabine
as first-line chemotherapy showed a RR ranging from 33%
to 79% (66-71) with a TTP ranging from 5.8 to 13.6 months
(67-71). With regard to the activity of docetaxel and
gemcitabine in pretreated MBC patients, the phase II

studies showed a RR of 36% to 54% and a TTP of 6.6 to 8
months (69, 72-75). 

The occurrence of grade 3-4 neutropenia was the major
concern in most of these phase II studies, although
myelosuppression was generally reported as manageable and
seldom leading to drug withdrawal. Severe non-hematological
toxicity was uncommon, and mostly confined to asthenia.

All the patients in these studies had received prior
anthracyclines in most of cases and two of the studies
included patients previously exposed to taxanes (72, 74).
Interestingly, one of these studies was specifically designed
to address whether the addition of gemcitabine to docetaxel
would overcome resistance to single-agent docetaxel (74).
Fifty patients who had experienced stable or progressive
disease to previous docetaxel monotherapy (84% of which
had also received prior anthracycline- containing regimens)
were enrolled into the study. Remarkably, the combination
of docetaxel and gemcitabine resulted in a response rate of
46%, higher than it would be expected with gemcitabine
monotherapy in anthracycline and taxanes pretreated MBC,
thus confirming in vivo the preclinical evidence of a
sequence-dependent synergistic effect of the docetaxel and
gemcitabine combination. 
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Figure 3 (A-D). Design of the two randomized phase III studies of paclitaxel-gemcitabine and docetaxel-gemcitabine in metastatic breast cancer.



Based on the positive data of phase II studies, a
randomized phase III trial was carried out in order to
compare gemcitabine plus docetaxel (GD) versus the
reference regimen of capecitabine given orally twice daily
plus docetaxel intravenously on day 1 (CD) (76) (Figure
3B). Both treatment groups were well balanced with regard
to the baseline characteristics of the 305 MBC patients.
There were no significant differences in terms of TTP (35
weeks in both arms) and RRs (32% vs. 32%). Interestingly,
the RRs with both combinations were also similar when the
patients were stratified according to treatment line for MBC
(first- or second-line) and prior adjuvant taxanes (yes or
no). No significant differences in terms of hematological
toxicities were observed between the two treatment arms,
but a statistically significant lower incidence of grade 3-4

non-hematological toxicity was observed for the GD arm, as
compared to CD, in terms of hand-foot syndrome, diarrhea
and mucositis. In addition, more patients on the CD arm
discontinued treatment due to drug-related toxicities (28%
vs. 13%, respectively; p=0.0014). However, despite the
worse toxicity profile demonstrated by CD, no differences
in QoL score were reported between the two arms of
treatment (77). 

Threeweekly Schedules

As demonstrated in phase III trials, threeweekly schedules are
currently the optimal method of administration of the
paclitaxel-gemcitabine and docetaxel-gemcitabine combinations.
However, new taxane scheduling may provide alternative
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Table III. Single arm phase II studies of docetaxel and gemcitabine in MBC and different schedules adopted*.

Author, Pts Treatment line Schedule ORR TTP Grade 3-4 Grade 3-4 
year for MBC/Type of (months) hematological non-hematological 

prior therapy toxicity† toxicity† 

Threeweekly Mavroudis 52 Pretreated MBC G 900 mg/m2 1,8 + 54% 8.0 Neutropenia=29% -
schedule et al.† Anthracyclines 100%, D 100 mg/m2 8 q 21 Thrombocytopenia=21%

(72), 1999 Taxanes 48%
Fountzilas 39 Pretreated MBC G 1000 mg/m2 1,8 + 36% 7.0 Neutropenia=49% Fatigue=10%
et al. Anthracyclines 100% D 75 mg/m2 1 q 21 Febrile neutropenia=18% Alopecia=77%
(73), 2000 Anemia=10%
Alexopoulos 50 Pretreated MBC G 900 mg/m2 1,8 + 46% 7.5 Neutropenia=38% -
et al. Docetaxel 100%, D 100 mg/m2 8 q 21 Thrombocytopenia=14%
(74), 2004 Anthracyclines 84%
Brandi 53 Pretreated MBC G 1000 mg/m2 1,8 + 53% 7.5 Neutropenia=43.5% -
et al. Anthracyclines 100% D 80 mg/m2 8 q 21
(75), 2004

Weekly Laufman 39 1st and 2nd line G 800 mg/m2 1,8,15 + 79% NR Neutropenia=100% Asthenia=33.5%
schedule et al.§ (66), Anthracyclines 84.5% D 100 mg/m2 1 q 28 Alopecia=100%

2001
Palmeri 58 1st line Anthracyclines G 800 mg/m2 1,8,15 + 64.3% 13.6 Neutropenia=13.8% -
et al. (67), 52%, Taxanes 3% D 35 mg/m2 1,8,15 q 28
2005
O'Shaugh- 45 1st line G 800 mg/m2 1,8,15 + 33% 5.8 Neutropenia=13.3% Fatigue=15.5%
nessy et al. Anthracyclines 40% D 30 mg/m2 1,8,15 q 28
(68), 2006

Biweekly Kornek 52 1st and 2nd line G 1500 mg/m2 1,15 + 60.5%a 8.5a Neutropenia=29% Alopecia=35%
schedule et al. (69), Anthracyclines 19% D 50 mg/m2 1,15 q 28 43%b 6.6b

2002
Pelegri 52 1st line G 2500 mg/m2 1,15 + 69% 10.7 Neutopenia=40% Asthenia=13.5%
et al. (70), Anthracyclines 29% D 65 mg/m2 1,15 q 28 ↑ ALT, AST=11.5%
2005
Mavroudis 52 1st line G 1500 mg/m2 1,15 + 59.5% 10.9 Neutropenia=33% -
et al. (71), Anthracyclines 46% D 65 mg/m2 1,15 q 28
2004

MBC - metastatic breast cancer; NR - not reported; ORR - overall response rate; Pts - patients; TTP - time to progression - G: Gemcitabine, D:
Docetaxel, ALT: alanine aminotransferase, AST: aspartate aminotransferase. *All analyses were carried out in an intention-to-treat (ITT)
population. †Reported toxicities in ≥10% of patients. §Docetaxel administered on a monthly basis - aFirst-line treatment; bSecond-line treatment.



strategies to further improve the toxicity profile of the taxanes
and gemcitabine doublets. To address this issue, a three-arm,
randomized phase II trial was conducted by Khoo et al. in order
to compare two “split-dose” arms paclitaxel and docetaxel were,
each combined with gemcitabine were compared with the
threeweekly reference regimen of paclitaxel plus gemcitabine
(78) (Figure 4). No differences in RRs and TTP were observed
between the treatment arms. However, the docetaxel and
gemcitabine combination, was significantly associated with
more grade 3-4 hematological toxicity. Moreover, the use of
supportive therapy was higher in the docetaxel and gemcitabine
arm as well as the therapeutic use of Granulocyte-Coloning
Support Factor (G-CSF), intravenous antibiotics and blood
transfusions. The authors concluded that “split-dose” docetaxel
was associated with higher toxicity and that the paclitaxel and
gemcitabine doublet had the more favourable toxicity profile,
regardless of whether a threeweekly or “split-dose” schedule of
administration was adopted. Neverthless, only a head-to-head
comparison between the threeweekly schedules of paclitaxel-
gemcitabine and docetaxel-gemcitabine would provide valuable
information on which doublet possesses the best therapeutic
index. Unfortunately, a randomized phase II study specifically
addressing this issue had to be closed early due to lack of
accrual (79) (Figure 4A). 

Twoweekly Schedules

In preclinical models (80), as well as in the adjuvant setting
(81), it has been demonstrated that an increase in dose
intensity of anti-cancer drugs, achieved by dose intensification,
by acceleration, or by both, led to a higher rate of death of
cancer cells. On this basis, the use of dose-dense or twoweekly
intensified regimens is an attractive strategy in order to raise
the chance of obtaining an objective response and improving
clinical outcome of metastatic patients (82). Phase I studies
have demonstrated a favourable safety profile for the
twoweekly combinations of paclitaxel or docetaxel and
gemcitabine (83, 84). Remarkably, by using twoweekly
schedules dose limiting toxicities were observed at particularly
high doses of gemcitabine. In fact, with twoweekly schedules
of both paclitaxel-gemcitabine and docetaxel-gemcitabine the
maximum tolerated doses of gemcitabine were found to be
increased by 50% (from 666-833 to 1250-1500 mg/m2/week),
as compared to the threeweekly schedules. Interestingly, also
the dose-intensity of paclitaxel in combination with
gemcitabine was also increased by 25% (from 58 to 75
mg/m2/week), whereas no increase was observed in docetaxel
dose-intensity when docetaxel was combined with gemcitabine
on a twoweekly schedule. 
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Figure 4 (A-D). Design of the two randomized phase II studies comparing paclitaxel-gemcitabine and docetaxel-gemcitabine in metastatic breast cancer.



Consistent with this optimization of dose-intensity, phase
II trials of chemonaïve MBC patients treated with
twoweekly regimens have reported RRs as high as 70% for
paclitaxel-gemcitabine (62) and 59%-69% for docetaxel-
gemcitabine (69-71), although it should be noted that in the
two studies reporting the higher RRs (69%-70%) the
percentage of anthracycline-pretreated patients was
particularly low and visceral disease was present in only
46% to 60% of the cases (62, 70). 

Interestingly, dose-dense schedules proved to be
remarkably active also in second- and successive lines, with
a response rate of 45.5%-46% for paclitaxel-gemcitabine
(56, 57) and 43% for docetaxel-gemcitabine (69). As
expected, neutropenia was the most frequently observed
toxicity, although it was manageable with or without G-CSF
support. Of note, the reported drug delivery for both
taxanes and gemcitabine was well above 85% of the planned
dose intensity in most of the studies (57, 62 ,69, 70). 

Weekly schedules

With regard to paclitaxel, the rationale for the use of a
weekly schedule in combination with gemcitabine is based
on the fact that paclitaxel has demonstrated greater efficacy

in MBC when administered on a weekly basis rather than
every three weeks (Table I). In phase I studies of paclitaxel
and gemcitabine given weekly for three consecutive weeks
out of four, doses of 80-110 mg/m2 for paclitaxel and 800-
1000 mg/m2 for gemcitabine were established (85). The
observed dose-limiting toxicities were mainly hematological,
with neutropenia being the most reported toxicity.
Interestingly, the weekly paclitaxel and gemcitabine
combination was successfully tested in malignancies other
than breast cancer such as ovarian, advanced transitional
cell carcinoma of the urothelium and non-small cell lung
cancer (86-88). For no clear reason, no study has so far
investigated this weekly association in MBC.

As for docetaxel, weekly combinations of docetaxel and
gemcitabine represent an interesting alternative schedule,
particularly indicated in the metastatic setting, given the
opportunity to reduce the incidence and severity of
neutropenia which is the main toxicity related to the
administration of docetaxel on a threeweekly basis. Two
phase I studies have investigated a weekly schedule of
docetaxel and gemcitabine in pretreated MBC (89, 90).
Neutropenia, asthenia and stomatitis were the dose limiting
toxicities and, more interestingly, a promising anti-tumor
activity was reported with responses observed starting from
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Figure 5. Design of the ongoing phase III Italian study of two different schedules (weekly and triweekly) of combination of two taxanes and gemcitabine
in MBC.



docetaxel 30 mg/m2 and gemcitabine 800 mg/m2 both
administered on days 1, 8, 15 every 28 days (90). On this
basis, two phase II studies were designed to evaluate this
weekly regimen as first-line treatment for MBC (67, 68).
Although the population enrolled in each study did not
differ significantly in terms of baseline characteristics, the
RRs were dissimilar between the studies, with only a 33%
of responses and 5.8 months TTP reported by
O'Shaughnessy et al., as compared to a 64.3% RR and 13.6
months TTP observed in the study by Palmeri et al..
Although it might be speculated that the worse outcome
observed in the study by O'Shaughnessy et al. could be
attributed to the lower dose of docetaxel employed (30
mg/m2/wk versus 35 mg/m2/wk in the study by Palmeri et al.),
the weekly regimen of docetaxel and gemcitabine proved
extremely tolerable in both studies, deserving further
investigation in phase III trials. 

Summary

In the first-line treatment of HER-2 negative MBC there is
no gold standard regimen. In this context, chemotherapy
should be adapted to the patients' circumstances. Taxane
and gemcitabine doublets have shown potent antitumor
activity and good tolerability, thus defying one of the major
criticisms of combination therapy in MBC, namely that the
increased toxicity induced by combination regimens which
often outweighs the marginal efficacy benefit. However,
based on the available evidence it is unclear which of the
two doublets, docetaxel-gemcitabine or paclitaxel-
gemcitabine, has the more favourable efficacy and safety
profile. Furthermore, it is uncertain whether the weekly
schedule, as compared to the standard threeweekly
schedule, would prove more active and/or less toxic. To
answer these questions, a randomized phase III trial of
gemcitabine-taxanes (GEMTA) is being conducted in
different Italian institutions comparing docetaxel-
gemcitabine and paclitaxel-gemcitabine doublets in terms of
efficacy, as well as the use of a weekly schedule over a
standard threeweekly one (Figure 5). Furthermore, ongoing
studies are comparing dose-dense schedules versus standard
threeweekly regimens as well as combinations versus
sequential taxanes and gemcitabine. In addition, a phase II
study of pretreated MBC patients is being conducted in
which paclitaxel is combined with fixed-dose-rate
gemcitabine on a twoweekly basis. Finally, current research
is investigating the addition of the anti-VEGF monoclonal
antibody bevacizumab to the paclitaxel and gemcitabine
combination in single arm and randomized phase II trials. 

In conclusion, the role of taxanes and gemcitabine
doublets in MBC continues to evolve and results of ongoing
studies are eagerly awaited in order to define the optimal
association and schedule of administration. 
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