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BACKGROUND. The combination of paclitaxel and epirubicin has shown a favorable

interaction in patients with advanced breast carcinoma. Therefore the efficacy and

toxicity of this regimen was evaluated in a Phase II study of patients with metastatic

nonsmall cell lung carcinoma (NSCLC).

METHODS. Thirty-two chemotherapy-naive patients with AJCC Stage IV NSCLC and

an Eastern Cooperative Oncology Group performance status of 0 –1 were entered

into the study. Patients received epirubicin, 90 mg/m2, followed by paclitaxel, 175

mg/m2 by 3-hour infusion, on Day 1. The treatment was repeated every 3 weeks.

Granulocyte-colony stimulating factor (G-CSF) was not used routinely.

RESULTS. A total of 116 treatment cycles was delivered. All patients could be

assessed for response, toxicity, and survival. There were 16 partial responses and

no complete responses, giving rise to an overall response rate of 50% (95% confi-

dence interval, 31.9 – 68.1%). The median time to progression in responders was 7

months. The median survival was 8 months, and the 1-year survival rate was 37%.

World Health Organization Grade 4 neutropenia occurred in 69% of patients, but

could be managed easily with G-CSF, which was used in 35% of cycles. Cumulative

peripheral neuropathy was the main nonhematologic toxicity and was observed in

7 of 8 patients who received 6 treatment courses (Grade 2–3 in 3 cases) and in 6 of

11 patients who received 4 cycles (Grade 2 in 2 patients). One patient died shortly

after the first course of chemotherapy from a ventricular arrhythmia.

CONCLUSIONS. The combination of paclitaxel and epirubicin was found to be

effective and well tolerated in chemotherapy-naive patients with metastatic NSCLC

and warrants further evaluation in a multicenter trial of a larger number of

patients. Careful cardiac evaluation before treatment is indicated. Cancer 2000;89:

89 –96. © 2000 American Cancer Society.
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A fter many years of debate regarding the role of chemotherapy in
advanced nonsmall cell lung carcinoma (NSCLC),1 several ran-

domized trials comparing best supportive care versus chemotherapy2

and meta-analyses of these trials3 have demonstrated a small, short
term, but significant survival benefit in favor of cisplatin-containing
combination chemotherapy. Based upon this observation, therefore,
platinum-based combination chemotherapy is considered as a rea-
sonable standard of care for selected patients with advanced NSCLC.4

However, the survival improvement is modest, and platinum-
based regimens have considerable toxicity. The recent introduction of
new active agents such as paclitaxel, docetaxel, irinotecan, topotecan,
and gemcitabine5,6 has increased the possibility of developing effec-
tive and less toxic combinations. Single-agent paclitaxel has produced
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response rates exceeding 20% and 1-year survival in
the range of 40% using different schedules.7,8 In the
past few years, paclitaxel has been combined with
different agents, which were considered to be active in
NSCLC. In particular, paclitaxel was safely combined
with both cisplatin and carboplatin9 –14; these regi-
mens were successfully compared in randomized stud-
ies with combinations that have been hitherto consid-
ered standard treatment in advanced NSCLC.15–17

Moreover, paclitaxel has been tested with agents other
than platinum compounds. The taxanes have shown
favorable interaction with anthracyclines in preclini-
cal and clinical studies in other malignancies such as
breast carcinoma.18

Epirubicin is the 49 epimer of doxorubicin and has
been used alone or in combination with other cyto-
toxic agents in the treatment of a variety of tumors. It
has both a lower myelotoxicity and a lower propensity
to produce cardiotoxic effects than doxorubicin.19

Several studies have evaluated the efficacy of epirubi-
cin alone for treatment of advanced NSCLC; single-
agent therapy with standard doses (# 90 mg/m2) pro-
duced discouraging results,20 whereas activity was
more significant using higher doses ($ 120 mg/m2),
with response rates of approximately 20%.21

Even if epirubicin cannot be considered as a ref-
erence agent in the treatment of patients with NSCLC,
the high activity and the favorable toxicity profile
when combined with paclitaxel for the treatment of
advanced breast carcinoma 18,22 prompted us to ex-
plore the activity and the toxicity of this regimen in
chemotherapy-naive patients with Stage IV NSCLC in
a Phase II trial.

MATERIALS AND METHODS
Eligibility
The single-institutional Phase II trial was initiated in
August 1997. Chemotherapy-naive patients with his-
tologically or cytologically proven metastatic NSCLC
and bidimensionally measurable disease were entered
into the study. Patients with recurrent metastatic dis-
ease after surgery were eligible for the study; prior
radiotherapy, either in the adjuvant setting or for the
treatment of metastatic lesions, was allowed, provided
that the patient had measurable disease outside the
radiation field. Patients with brain metastases could
be enrolled only if they were neurologically asymp-
tomatic and had another measurable site of disease.

Patients were eligible if they were between 18 and
70 years of age and had a performance status (PS) of
0 –1 on the Eastern Cooperative Oncology Group
(ECOG) scale. Patients were required to have normal
renal (creatinine concentration , 1.5 mg/dL) and he-
patic function (bilirubin concentration , 1.5 mg/dL,

aspartate aminotransferase # 2 times the upper limit
of the laboratory normal range). Additional eligibility
requirements included the following hematologic pa-
rameters: white blood cells $ 4000/mL (with an abso-
lute granulocyte count . 2000/mL ), hemoglobin level
$ 11 g/L, and platelet count . 100,000/mL . Patients
with a history of acute myocardial infarction within
the last 6 months or with arrhythmias or chronic heart
failure requiring permanent medication were ex-
cluded from the study. Patients treated for any other
type of cancer during the previous 5 years and patients
with serious coexisting medical illnesses also were
excluded. A negative pregnancy test was required for
women of childbearing potential. All patients gave
informed consent before beginning treatment.

Treatment Plan
All patients received the following chemotherapy reg-
imen: epirubicin 90 mg/m2 administered by intrave-
nous (i.v.) bolus immediately before the infusion of
paclitaxel 175 mg/m2 over 3 hours. The premedication
schedule consisted of dexamethasone 20 mg i.v. 30
minutes before paclitaxel infusion, intramuscular or-
phenadrine 40 mg, and intravenous ranitidine 100 mg
1 hour before the start of treatment. Patients received
intravenous prophylactic antiemetic therapy with a
5-HT3 antagonist before treatment, which was contin-
ued orally for 48 hours. Chemotherapy was adminis-
tered in the outpatient setting every 3 weeks. Initially
a maximum of 6 courses was planned; however, after
the first 15 patients, this regimen was terminated and
changed to a maximum of 4 courses. This alteration
was due to the occurrence of one case of severe pe-
ripheral neuropathy after 6 cycles (see “Results”).

No standard dose modification was planned. Use
of granulocyte colony-stimulating factor (G-CSF) was
allowed to treat Grade 4 neutropenia in selected pa-
tients with high risk of infection (febrile neutropenia,
previous irradiation to areas containing large amounts
of bone marrow, documented occurrence of pro-
longed neutropenia in an earlier cycle). A short dura-
tion of administration was adopted, withdrawing G-
CSF treatment when a clinically adequate neutrophil
recovery was achieved ($ 1000/mL).

Evaluations
Baseline evaluations included patient medical history,
physical examination, complete blood cell (CBC)
count with differential and platelet count, liver and
kidney function tests, electrocardiogram (ECG), com-
puted tomography (CT) scans of the chest, abdomen,
and brain, and whole bone scan.

During treatment, CBCs with differential and
platelet count were performed weekly, whereas bio-
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chemical tests and physical examination were re-
peated every 3 weeks.

All patients who completed two cycles of chemo-
therapy were evaluated for response, according to
World Health Organization (WHO) criteria.23 A com-
plete response (CR) was defined as the disappearance
of all lesions for at least 4 weeks; a partial response
(PR) required a $ 50% decrease in the tumor size (the
sum of the products of the largest perpendicular di-
ameters of all measurable lesions); stable disease (SD)
was defined as , 50% decrease or , 25% increase in
tumor size. Progressive disease (PD) was defined as an
increase of at least 25% in tumor size or the appear-
ance of new lesions. Patients with a rapid objective
progression after one cycle were considered PD. All
patients who received at least one course of treatment
were included in the analysis of treatment-related tox-
icities, which were recorded according to WHO crite-
ria.23 Dose intensity (DI) for each drug was calculated
according to the method proposed by Longo et al.24

After restaging, further treatment was planned de-
pending on response and toxicity. Therapy was dis-
continued if PD was observed. Patients with SD or an
objective response continued treatment, with reas-
sessment after every two cycles of chemotherapy. All
patients registered on the study were evaluated in the
survival analysis.

Statistical Methods
Confidence limits (95% confidence interval [CI]) of
response rate were estimated.25 Time to progression
(TTP) was defined as the period from the first day of
treatment to the date of first evidence of disease pro-
gression; survival was calculated from the first day of
therapy until death or last follow-up. Actuarial survival
curves were generated using the method of Kaplan
and Meier.26

RESULTS
Patient Characteristics
Between August 1997 and May 1999, a total of 32
patients entered the study. All patients were chemo-
therapy-naive, had Stage IV NSCLC, and could be
assessed for response, toxicity, and survival. The char-
acteristics of the 32 patients are summarized in Table
1. There were 28 males and 4 females, with a median
age of 58 years. All the patients had a good PS (0 –1
according to ECOG scale). The majority had adeno-
carcinoma histologic subtype (62%). Six patients had
been treated previously with surgery, one case fol-
lowed by adjuvant radiotherapy on the mediastinum.
At the time of the study entry, 17 patients had 2 or
more metastatic sites, whereas 15 had 1 metastatic site
only. In particular, 50% had metastatic lung involve-

ment, 47% bone involvement, and 12% liver involve-
ment. Pleural metastases were present in 19%,
whereas 9% of patients had adrenal gland involve-
ment. Three patients (9%) had asymptomatic brain
metastases, detected during baseline staging by brain
CT scan. These patients entered the study protocol
and were treated concomitantly on central nervous
system disease with whole brain radiation (one case)
and stereotactic radiosurgery (two cases); for these
patients, response was evaluated on other sites of
measurable disease outside the brain.

Efficacy
All of the 32 patients could be evaluated for response,
which was documented with CT scans. Twenty-six of
32 patients received at least 2 courses and were eval-
uated for response after the second cycle; an addi-
tional 5 patients received only 1 course of treatment
due to rapid progression of disease and were catego-
rized as nonresponders. One patient died suddenly on
Day 5 after the first cycle for a ventricular arrhythmia
and also was categorized as a nonresponder. A PR was
achieved in 16 patients, whereas no CR was registered;
the objective response rate was 50% (95% CI, 31.9 –
68.1%). Four patients (12.5%) had SD after two courses
of chemotherapy, and 12 (37.5%) had PD.

Median TTP in responders was 7 months (range,
2–20 months); 4 responders were free from progres-

TABLE 1
Patient Characteristics (n 5 32)

Characteristic No. %

Gender male/female 28/4
Age (yrs)

Median 58
Range 37–70

ECOG performance status
0 15 47
1 17 53

Weight loss (%)
, 5% 22 69
$ 5% 10 31

Histology
Adenocarcinoma 20 63
Squamous cell carcinoma 8 25
Large cell carcinoma 2 6
Undifferentiated NSCLC 2 6

Prior therapy
Yes (surgery/RT) 6 19
No 26 81

Organ involvement
1 metastatic site 15 47
$ 2 metastatic sites 17 53

ECOG: Eastern Cooperative Oncology Group; NSCLC: nonsmall cell lung carcinoma; RT: radiotherapy.
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sion at a median follow-up of 13 months. Median TTP
in patients with SD was 4.5 months (range, 3–5
months). Median TTP for the 11 patients receiving 4
cycles was 6 months versus 7 months for patients
treated with 6 cycles of chemotherapy. Figure 1 shows
the actuarial survival curve for the entire population;
median survival was 8 months (range, 0 –23 months);
1-year survival was 37%. Overall, at median follow-up
of 12 months for living patients, 11 patients were alive,
4 without any evidence of disease progression.

Dose Analysis
A total of 116 treatment cycles was delivered, with a
median of 4 per patient (range, 1– 6 cycles). A maxi-
mum of 6 courses was planned for the first 15 patients;
however, only 8 patients received the whole treat-
ment. Among these patients, a further regression in
tumor burden between the fourth and the sixth cycle
was observed in only 2 cases; however, 7 of these
patients developed a peripheral neuropathy, of Grade
2–3 in 3 cases. For this reason, we modified the treat-
ment protocol and withdrew the treatment even for
responders after a maximum of four courses. No pa-
tient refused to continue chemotherapy for reasons
directly related to the treatment toxicity. Therapy was
discontinued only if disease progression was observed
or at the completion of the planned number of cycles.
A dose reduction was required in only 2 cases, 1 due to
persistent neutropenia and 1 to Grade 2 hepatotoxic-
ity. Because of dose reductions and treatment delays,
the median delivered DI was 54 mg/m2/week for pac-

litaxel (range, 37– 61) and 28 mg/m2/week for epiru-
bicin (range, 19-31), representing 93% of the planned
DI (58 mg/m2/week for paclitaxel and 30 mg/m2/week
for epirubicin).

Toxicity
The treatment was well tolerated by most patients.
Myelosuppression was the main toxicity (Table 2),
with Grade 3– 4 neutropenia witnessed in 25 patients
(78% of the whole study group). G-CSF was adminis-
tered to 16 of 26 patients who received 2 or more
courses of chemotherapy (62%). Actually, the G-CSF
was administered in 41 cycles only (35% of all cours-
es); in approximately half of the patients who received
growth factor support, it was used once only. In most
cases, it was not administered after the first cycle, but
late in the course of treatment. Median duration of
G-CSF schedule was 3 days. All the patients were
treated on a outpatient basis; only one patient was
hospitalized for septic fever, which was stopped with
antibiotic therapy and G-CSF support. Anemia and
thrombocytopenia were less common. Two patients
with Grade 3 anemia required packed red blood cell
transfusions. Nonhematologic toxicity is summarized
in Table 3. Nausea and vomiting were mild and were
easily controlled with antiemetics. The arthralgia/my-
algia syndrome was common, but no severe case was
observed. Peripheral neuropathy was more frequent

FIGURE 1. Kaplan–Meier estimation of actuarial overall survival for the 32

patients is shown. One-year survival was 37%.

TABLE 2
Hematological Toxicity by Patient

Condition

WHO toxicity grade

1 (%) 2 (%) 3 (%) 4 (%)

Neutropenia — 2 (6) 3 (9) 22 (69)
Thrombocytopenia 2 (6) 1 (3) — —
Anemia 7 (22) 6 (19) 2 (6) —

WHO: World Health Organization.

TABLE 3
Nonhematological Toxicity by Patient

Condition

WHO toxicity grade

1 (%) 2 3 4

Arthralgia/myalgia 10 (31) 3 (9) — —
Peripheral neuropathy 10 (31) 6 (19) 1 (3) —
Skin toxicity 1 (3) — — —
Nausea/emesis 9 (28) 4 (12) — —
Diarrhea — 2 (6) — —

WHO: World Health Organization.
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and generally developed after the third or fourth
course of chemotherapy. In particular, neurotoxicity
was observed in 7 of 8 patients who received 6 treat-
ment courses (Grade 2–3 in 3 cases), and in 6 of 11
patients who received 4 cycles (Grade 2 in 2 patients).
Only one patient had a mild skin reaction, which did
not require withdrawal from therapy. One patient died
on Day 5 of the first course of chemotherapy with
acute dyspnoea and thoracic pain: no hematologic
toxicity was found; liver and kidney function tests
were normal; ECG revealed a ventricular arrhythmia.
No previous cardiac disease was known, and autopsy
was not performed. Two cases of pulmonary embo-
lism were observed (one asymptomatic, detected at
CT scan evaluation), along with a case of deep venous
thrombosis of the left arm; all these patients recovered
with anticoagulant therapy.

DISCUSSION
Between 40% and 50% of patients with NSCLC present
with metastatic disease, whereas local disease for 75%
of the patients ultimately will recur in distant sites.1

The optimal management of these patients is contro-
versial, but there is general agreement4 that cisplatin-
based chemotherapy, when compared with best sup-
portive care alone, improves survival3 and quality of
life27 and reduces symptoms. However, the survival
benefit is small, with an increased median survival of
6 weeks and the 1-year survival rate improved by only
10% (from 15% to 25%).3 Furthermore, efficacy of cis-
platin-based programs is such that no specific regi-
men can be regarded as standard therapy.28 Unfortu-
nately, in spite of improvement of supportive care,
these regimens still have considerable toxicity, includ-
ing emesis, peripheral neuropathy, and nephrotoxicity
and hearing loss. These modest results have made the
development of new agents and combinations imper-
ative.

Recently, several new drugs have been shown to
be active for advanced NSCLC, with approximately a
20% response rate for single agents and a favorable
toxicity profile.5 In particular, reports of paclitaxel
combinations have shown relatively high response
rates, significant 1-year survival and palliation of can-
cer symptoms.5,6 Dual drug combinations with both
cisplatin and carboplatin are the most extensively
studied,5,6,29 and triplet chemotherapy regimens
based on platinum–paclitaxel combination with the
addition of another new agent are under develop-
ment.30 However, paclitaxel has only been tested in a
few trials in combination with nonplatinum com-
pounds.31–34

The current article reports the results of one of the
first Phase II trials to our knowledge describing the use

of the combination of paclitaxel and epirubicin in
chemotherapy-naive patients with metastatic NSCLC.
The study was planned on the basis of the high activity
and the favorable toxicity profile of the combination of
anthracyclines and paclitaxel for the treatment of ad-
vanced breast carcinoma.18,22 Preclinical studies in
breast carcinoma have reported conflicting data, with
some studies showing subcumulative cytotoxicity and
others sequence-dependent synergy. A schedule-de-
pendent interaction has been demonstrated in phar-
macokinetic studies, with doxorubicin clearance re-
duced in the sequence paclitaxel– doxorubicin as
compared with doxorubicin-paclitaxel. However, the
pharmacokinetic interferences of anthracycline–pacli-
taxel are different according to the anthracycline
used.18

The regimen used in this study was modeled on
the maximum-tolerated dose obtained in a dose-find-
ing study in advanced breast carcinoma.22 The dose of
paclitaxel was reduced from 200 mg/m2 to 175 mg/m2

to partially alleviate the development of neuropathy in
NSCLC patients, who have theoretically major risk
factors (smoking, chronic alcohol abuse) than women
with breast carcinoma. To improve the reliability of
results, we elected to use more restricted eligibility
criteria, excluding Stage IIIB patients, who are more
likely to respond to chemotherapy than those with
Stage IV disease.35 However, we only enrolled patients
with ECOG PS 0 –1, who have a higher probability of
achieving a survival benefit and are less likely to ex-
perience severe treatment-related toxicity.35 Weight
loss, another definite predictor in advanced NSCLC,35

was not considered for patient selection in our trial; a
weight loss $ 5% was present in a third of the cases. In
our study population, the combination of paclitaxel
and epirubicin proved effective, with an overall re-
sponse rate of 50% (95% CI, 31.9 – 68.1 %). Median
duration of response (i.e., TTP in responders) was 7
months. Median survival was 8 months, with 1-year
survival rate of 37%. These data confirmed the results
of two other small studies evaluating the combination
of paclitaxel and anthracyclines in advanced
NSCLC36,37 (Table 4).

The survival rate of our series is similar to those
obtained with single-agent paclitaxel and with the
more widely used paclitaxel–platinum combina-
tions.7–17 However, survival is not a correct endpoint
for Phase II trials evaluating new agents or new com-
binations in advanced NSCLC. Patient populations
enrolled in these studies can vary a lot: in particular,
some trials have few Stage IV patients, whereas others,
including our study, are restricted to metastatic dis-
ease. Only comparative trials can answer the question
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if higher response rates are consistently associated
with improvement in survival.

Myelosuppression was the main toxicity observed,
with 78% of patients developing Grade 3– 4 neutrope-
nia at least once during the treatment; however, only
1 patient was hospitalized for a septic fever requiring
intensive support. For all the other patients, the he-
matologic toxicity was quickly reverted, in 41 cycles
(35% of all courses) with the use of G-CSF support.
G-CSF was administered in selected cases only, when
an high risk of infection was predictable, and for a
short duration, stopping G-CSF treatment when a
clinically adequate neutrophil recovery was achieved.
All the patients were treated on a outpatient setting,
and this could have increased the risk of complica-
tions in case of profound and prolonged neutropenia.
Even if no cost-effectiveness analysis was considered,
the minimal need for hospitalization and parenteral
antibiotics in the current trial could justify the in-
crease of expense due to a selective use of growth
factors for this regimen.

The fatal ventricular arrhythmia that occurred in
one of our patients a few days after the first course of
chemotherapy probably should be attributed to the
treatment regimen, even if acute cardiotoxicity with
clinically significant events rarely has been described
for both epirubicin and paclitaxel.38,39 Cardiotoxicity
of anthracyclines is usually dose-dependent and is
enhanced by the pharmacokinetic interactions with
taxanes.18 These interactions are schedule-dependent,
with the sequence paclitaxel–anthracyclines more
toxic as compared with the opposite sequence.40 Epi-
rubicin is less cardiotoxic than doxorubicin19 and its
combination with paclitaxel does not show the poten-
tiation of cardiac toxic effects that is observed with
doxorubicin.22 No other cases of cardiac side effects
were observed in our series; however, a thorough
baseline cardiac evaluation is advisable in NSCLC pa-
tients submitted to this regimen.

Because neutropenia can be managed easily by
the administration of G-CSF, peripheral neuropathy
has become the main dose-limiting toxicity in pacli-
taxel-based chemotherapy.41 Its severity increases
with increasing single and cumulative drug doses42

and is accentuated by short infusions14 and in regi-
mens also containing a platinum analog.42 Cumulative
peripheral neuropathy of Grade 3 occurred in only 1
patient in our series, whereas Grade 2 was observed in
6 cases (19%). These data compare favorably with the
higher percentages of severe neurotoxicity reported in
some trials using the combination of paclitaxel with
carboplatin14 and in most of the studies with cisplat-
in–paclitaxel regimens.15,41

The issue of duration of chemotherapy adminis-
tration in Stage IV NSCLC is controversial. Given the
palliative objective of therapy in these patients, the
duration of treatment should be balanced against the
toxicity it engenders.4 Few studies have addressed this
point. A recent randomized trial that used a cisplatin-
based regimen showed no difference in survival be-
tween three and six courses of chemotherapy, with
substantially enhanced toxicity for long term treat-
ment.43 Although the numbers are small, in the cur-
rent study TTP for patients receiving either four or six
cycles of therapy was very similar, despite a higher
incidence of neurotoxicity in patients treated with six
cycles. In our opinion, short term treatment should be
compared with standard duration therapy (six to eight
cycles) even with the new paclitaxel-based regimens.

In conclusion, the combination of paclitaxel and
epirubicin administered for 4 courses is active against
metastatic NSCLC, with encouraging 1-year survival
and limited toxic effects. Neutropenia is easily man-
ageable with selective use of G-CSF in high risk cases.
Careful cardiac evaluation of patients before treat-
ment is indicated. Even if comparisons are difficult
out of the context of Phase III trials, our study sup-
ports a possible role for modern nonplatinum regi-

TABLE 4
Paclitaxel and Anthracyclines in Advanced NSCLC

Author Regimen (mg/m2)a No. patients Stage IV (%) RR (%) Median Sv 1-yr Survival (%)

Greenberg et al.36 DOX 50 mg/m2 i.v. bolus, Day 1 12 100 33 nr nr
TAX 135 mg/m2 i.v. 24 hrs, Day 1

Chen et al.37 DOX 40 mg/m2 i.v. bolus, Day 1 15 74 53 35 wks 33
TAX 150 mg/m2 i.v. 3 hrs, Day 2

Chen et al.37 EPI 70 mg/m2 i.v. bolus, Day 1 27 100 52 nr nr
TAX 175 mg/m2 i.v. 3 hrs, Day 2

Current study EPI 90 mg/m2 i.v. bolus, Day 1 32 100 50 8 mos 36
TAX 175 mg/m2 i.v. 3 hrs, Day 1

a All regimens were administered every 3 weeks. Only chemotherapy-naive patients assessable for response were considered. G-CSF was routinely given in all cases except for the current study.

NSCLC: nonsmall cell lung carcinoma; RR: response rate; DOX: doxorubicin; TAX: paclitaxel; nr: not reported; EPI: epirubicin.
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mens in first-line treatment of metastatic NSCLC.44 A
multicenter Phase II trial on a larger number of pa-
tients, with extramural independent response review,
is currently ongoing to confirm our promising data.
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