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Abstract Extensive small-cell lung cancer (SCLC) is
commonly treated with multiple cycles of chemother-
apy. Reducing the time interval between cycles of
chemotherapy (dose-dense chemotherapy) may im-
prove outcomes in the treatment of extensive SCLC, as
it has in other chemosensitive malignancies. To eval-
uate the feasibility of dose-dense chemotherapy in
patients with extensive SCLC, this study evaluates a
dose-dense doxorubicin/cyclophosphamide/etoposide
(ACE) regimen, supported by the once-per-cycle
administration of the hematopoietic growth factor
pegfilgrastim. Patients received up to six 14-day cycles
of ACE chemotherapy (doxorubicin 40 mg/m,?
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cyclophosphamide 1000 mg/m?, etoposide 120 mg/m?
on day 1 IV, plus oral etoposide 240 mg/m? daily on
days 2-3). On day 4 of each cycle, patients received
pegfilgrastim 6 mg by subcutaneous injection. Of 30
patients enrolled, 27 started chemotherapy and re-
ceived pegfilgrastim. Full-dose, on-schedule chemo-
therapy was given to all 22 patients starting cycle 2, and
in 107 (88%) of 121 cycles. Eighteen of the 27 patients
(67%) received full-dose, on-schedule chemotherapy
for all 6 cycles. The overall response rate was 17/27
(63%). Nine patients (33%) experienced hematologic
toxicities that investigators considered severe or life-
threatening. Four patients (15%) had febrile neutro-
penia. Full-dose, on-schedule dose-dense ACE che-
motherapy is feasible with once-per-cycle pegfilgrastim
support in extensive SCLC.

Keywords Small-cell lung cancer - Febrile
neutropenia - Pegfilgrastim - Hematopoietic growth
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Introduction

Small-cell lung cancer (SCLC) is characterized by a
high proliferation rate, early hematogenous metasta-
ses, and initial chemosensitivity. Extensive SCLC is
commonly treated by multi-cycle chemotherapy. Al-
though SCLC is a chemosensitive disease, the emer-
gence of drug resistance results in a poor prognosis,
with a mean survival after treatment for extensive
disease of 6-12 months [22] and a 5-year survival rate
of 2%-12% [12]. Several combination chemotherapy
regimens have been used for extensive SCLC, with
varying response rates.

@ Springer



280

Lung (2006) 184:279-285

In an effort to improve outcomes in SCLC, clinical
studies have evaluated regimens in which the dose of
chemotherapy given in each cycle was increased (dose
intensification). These regimens showed little thera-
peutic benefit [13, 14]. Similarly, a dose-intensified
regimen in which the dose was increased by 25% and
the interval between cycles was reduced by 33% did not
result in a significant improvement in either response
rate or survival, but led to an increase in hematologic
and nonhematologic toxicity [1].

An alternative approach to dose intensification is
reducing the time interval between cycles of standard-
dose chemotherapy (dose-dense chemotherapy), which
may improve outcomes in the treatment of SCLC, as it
has in chemosensitive malignancies including breast
cancer and lymphoma [5, 7, 24]. In two studies of
SCLC in patients with a good or moderate prognosis,
dose-dense regimens of vincristine with ifosfamide,
carboplatin, and etoposide (V-ICE) resulted in median
survival rates of 443 days and 483 days (69 weeks);
2-year survival rates were 32% [32] and 33% [25]. A
dose-dense regimen of doxorubicin/cyclophosphamide/
etoposide (ACE) chemotherapy every 14 days with
granulocyte colony-stimulating factor (G-CSF) support
improved the complete response rate (40% vs. 28%)
and the 2-year survival rate (13% vs. 8%) compared
with similar doses at 21-day cycle intervals [28].

However, many chemotherapy regimens, including
ACE, are associated with febrile neutropenia, for
which the risk grows with increasing dose density.
Neutropenia often occurs in the first cycle of chemo-
therapy and may result in dose reductions or treatment
delays [18]. Dose reductions and treatment delays have
a negative impact on survival. Conversely, mainte-
nance of the scheduled chemotherapy regimen was
shown to improve survival for patients with chemo-
sensitive tumors in small-cell lung cancer [6], breast
cancer [3-5], and lymphoma [8, 16, 17, 19].

By reducing the incidence and duration of febrile
neutropenia, hematopoietic growth factor support en-
ables administration of full-dose chemotherapy on
schedule in conventional and dose-dense regimens,
potentially increasing the chance of improved survival.
An 11-14-day regimen of daily injections of the
hematopoietic growth factor filgrastim in each cycle
reduced the incidence of febrile neutropenia after
ACE chemotherapy for SCLC in 21-day cycles (77%
vs. 40% [13] and 53% vs. 26% [30]). Similar results were
seen in dose-dense 14-day cycles [27].

Pegfilgrastim is a sustained-duration growth factor
that preferentially stimulates the growth and differen-
tiation of neutrophil precursors and the function of
mature neutrophils. A single injection of pegfilgrastim
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per cycle of chemotherapy has been shown to be as
effective and safe as multiple daily injections of fil-
grastim in studies of patients with breast cancer [9, 11],
Hodgkin’s and non-Hodgkin’s lymphomas [10, 31], and
non-small-cell lung cancer [15]. Preliminary studies in
patients with hematologic malignancies suggest that
pegfilgrastim may be useful in dose-dense chemother-
apy [2, 21, 31]. Studies are needed to evaluate pegfil-
grastim in dose-dense chemotherapy for patients with
solid tumors.

This open-label, single-arm phase 2 multicenter
study evaluates the use of pegfilgrastim to support a
dose-dense ACE regimen in patients with extensive
SCLC. It was hypothesized that patients receiving a
fixed 6-mg dose of pegfilgrastim once per cycle begin-
ning in cycle 1 would experience adequate absolute
neutrophil count (ANC) and white blood cell (WBC)
recovery, making it feasible to administer a full dose of
cycle-2 chemotherapy on schedule. It was expected
that pegfilgrastim would enable full-dose chemother-
apy on schedule for subsequent cycles without
increasing the risk of adverse events. The study also
evaluates response rates and the safety of a dose-dense
ACE regimen with pegfilgrastim support.

Patients and Methods

This study was conducted in accordance with the eth-
ical principles defined in the International Conference
on Harmonisation Tripartite Guideline on Good
Clinical Practice effective in Europe from 17 January
1997. The protocol was approved by each institution’s
ethics committee, and each enrolled patient provided
written informed consent.

Patients were eligible if they were 19 years of age or
older and had documented extensive SCLC not pre-
viously treated with chemotherapy or radiotherapy.
Patients were required to have an Eastern Cooperative
Oncology Group (ECOG) performance status < 2 [20],
ANC > 2.0 x 10”/L, platelet count > 100 x 10°/L, ade-
quate organ function, and a life expectancy = 3 months.
At least two weeks were required to have passed since
patients underwent major thoracic or abdominal
surgery.

Patients with symptomatic or previously untreated
brain metastases, active infections or known HIV
infection, clinically significant cardiac disease, or prior
exposure to pegfilgrastim were excluded. Patients were
also excluded if they had any premalignant or malig-
nant myeloid condition or cancer other than SCLC
within five years of enrollment, except for certain
carcinomas.
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This multicenter, open-label single-arm study eval-
uated a single, fixed 6-mg dose of pegfilgrastim
(Neulasta® Amgen, Inc., Thousand Oaks, CA) in
patients with SCLC who were receiving their first cycle
of ACE chemotherapy on a dose-dense treatment
schedule of 6 cycles with 14-day cycle intervals.

The primary endpoint was the proportion of patients
receiving cycle-2 chemotherapy at full dose (> 75% and
< 125% of the protocol-specified dose) on schedule (14
+ 3 days after the start of the previous chemotherapy
cycle). This endpoint reflects the extent of WBC and
ANC recovery after cycle-1 chemotherapy.

Other efficacy endpoints included the proportion of
all cycles given with full dose on schedule, the pro-
portion of patients receiving full-dose, on-schedule
chemotherapy over all cycles, and overall response to
treatment [29]. The serum concentration of pegfilgra-
stim on the day before the next cycle of chemotherapy
was also measured. A safety profile was developed for
all cycles, including the incidence of febrile neutrope-
nia (ANC < 0.5 x 10°/L and oral temperature > 38.2°C
on the same day) and adverse events.

Patients underwent physical examinations, including
measurement of baseline characteristics, disease stag-
ing, and ECOG performance status at baseline, at the
start of each cycle and at the end of the study (within
7 days after cycle 6 or on the day of withdrawal from
the study).

A complete blood count (CBC) was performed at
screening, on day 1 of each cycle, weekly thereafter,
and at the end of the study. Clinical chemistry tests
were performed at screening, in each cycle within
7 days before the start of the next cycle, and at the end
of the study. Serum was collected for measurement of
pegfilgrastim on day 1 of each cycle and at the end of
the study.

All patients received dose-dense ACE chemother-
apy consisting of doxorubicin 40 mg/m* and cyclo-
phosphamide 1000 mg/m? plus etoposide 120 mg/m? by
intravenous (IV) infusion on day 1, followed by oral
etoposide 240 mg/m? daily on days 2 and 3. This regi-
men was repeated every 14 days for up to 6 cycles. On
day 4 of each cycle, patients received 6 mg of pegfil-
grastim by subcutaneous injection. Disease assessment
was performed after cycles 2, 4, and 6 (or on the day of
withdrawal), and in case of clinical progression. Pa-
tients with progressive disease were withdrawn from
the study. Cycles 2 through 6 were scheduled to start
on day 1 if the patient had WBC > 3.0 x 10°/L, ANC >
1.5 x 10°/L, or platelets > 100 x 10°/L following the
nadir. If WBC, ANC, or platelet counts were below
these limits, chemotherapy was delayed until these
counts were reached. If the next chemotherapy cycle
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Table 1 Baseline patient characteristics
Demographic characteristics
Number of patients enrolled 30
Patients evaluated for efficacy and safety 27
Gender
Male 25 (93%)
Female 2 (7%)
Age (yrs)
Median 60.0
Range 46-76
White race 27 (100%)
Medical characteristics
ANC (x10°/L) [mean (SD)] 7.39 (4.38)
Platelets (x10°/L) [mean (SD)] 271.9 (90.4)
ECOG performance status
0 5 (19%)
1 19 (70%)
2 3 (11%)
Bone marrow involvement 5 (19%)

was delayed by more than 14 days, the patient was
withdrawn from the study. The protocol recommended
that chemotherapy doses should not be reduced.

Concomitant medications or treatments deemed
necessary for adequate supportive care were permit-
ted, except for other investigational agents, other
hematopoietic growth factors (except for erythropoie-
tin for treatment of anemia), prophylactic corticoster-
oids (except as premedication for chemotherapy
treatment), radiotherapy treatment, and WBC
transfusions.

Results

Of 30 patients enrolled at four Austrian centers be-
tween November 2001 and May 2003, 27 (90%) started
chemotherapy and received at least one pegfilgrastim
injection; two patients died and one patient withdrew
because of an allergic reaction before receiving peg-
filgrastim. All patients who received pegfilgrastim were
white, aged 46-76 yr (median, 60.0); 93% were male
(Table 1).

Of the 27 patients included in the analysis, 17 (63%)
completed all 6 cycles of chemotherapy and 15 (56%)
completed the study. The most common reasons for
discontinuation included death (3 patients, 11%), ad-
verse events (2 patients, 7%), and disease progression
(3 patients, 11%). A total of 121 cycles of chemother-
apy were administered to 27 patients (range of cycles
received, 1-6; mean, 4.5; median, 6).

All 22 patients who started cycle-2 chemotherapy
received the full dose on schedule. Of the 5 patients
who did not begin cycle-2 chemotherapy, 3 died and 2
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Table 2 Chemotherapy dose delays and reductions over all cycles

Number (percent) of cycles (n = 121)

Number (percent) of patients (n = 27)*

Full dose on schedule (0-3 days
delay, no dose reduction)

> 3 days delay in any cycle 13 (11%)
without dose reduction
> 3 days delay in any cycle 1 (1%)

with dose reduction

107 (88%) 95% CL 81%, 94%

18 (67%) 95% CL 46%, 83%
8 (30%)

1 (4%)

CL - confidence limit

“Totals may not equal 100% because of rounding

Table 3 Treatment response

Table 4 Adverse events reported by > 10% of patients

Number (percent)

End of study treatment response of patients (n = 27)

Number (percent)

Adverse event of patients (n = 27)

Overall response 17 (63%)
Complete response 2 (7%)
Partial response 15 (56%)
Stable disease 2 (7%)
Progressive disease 3 (11%)
Not assessed for treatment response 5 (19%)

withdrew (1 because of ineligibility [low platelet count]
and 1 because of an adverse event [moniliasis]).

Of the 121 cycles of chemotherapy administered,
107 (88%) were at the full dose on schedule (Table 2).
Of 27 patients, 18 (67%) received a full dose of che-
motherapy on schedule for all cycles, while 8 patients
(30%) experienced a delay in any cycle. One patient
(4%) experienced a delay more than 3 days and a
reduction in doses of doxorubicin and cyclophospha-
mide; no other patients had a greater than 25% dose
reduction of any chemotherapy agent.

A treatment response at the end of the study was
observed in 17 of 27 patients (63%) (77% of the 22
patients for whom an on-study disease assessment was
made). Based on the analysis of all 27 patients, a
complete response was reported for 2 patients (7%)
and a partial response for 15 patients (56%) (Table 3).

Three patients (11%) died during the study, includ-
ing one death from disease progression, one from
sepsis, and one from pneumonia. One additional pa-
tient died of disease progression after withdrawing
from the study. None of the deaths was considered
pegfilgrastim-related.

As would be expected in this patient population,
nearly all patients (26, 96%) reported 1 or more,
adverse events (Table 4). Only one patient experi-
enced a single adverse event that was considered study
drug-related: moderate bone pain following pegfilgra-
stim administration in cycle 1. This event was not
considered serious, no action was taken, and the pa-
tient continued in the study with no recurrence of bone
pain in later cycles.
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Patients reporting adverse events 26 (96%)
Anemia 17 (63%)
Fatigue 6 (22%)
Thrombocytopenia 6 (22%)
Dizziness 5 (19%)
Diarrhea 4 (15%)
Febrile neutropenia 4 (15%)
Fever 4 (15%)
Pain (skeletal) 4 (15%)
Anorexia 3 (11%)
Edema (peripheral) 3 (11%)
Granulocytopenia 3 (11%)
Pancytopenia 3 (11%)

Nine patients (33%) experienced a hematologic
toxicity considered by the investigator to be severe or
life-threatening, and six patients (22%) experi-
enced nonhematologic events considered severe or
life-threatening (Table 5).

The mean pegfilgrastim serum concentration, as-
sessed on day 1 of all cycles, was less than 1 ng/ml at
the start of each cycle and correlated with ANC
(Fig. 1). The maximum concentration was 2.8 ng/ml
(a nonactive level), which occurred at the start of cycle
3 in one patient. The pegfilgrastim concentration at the
start of cycle 2 was either below the active level or
nondetectable in all patients for whom pharmacoki-
netic data were available.

Discussion

Previous studies in patients with breast cancer [5, 24]
and lymphoma [7], showed dose-dense chemotherapy
with 14-day cycle intervals, supported by hematopoi-
etic growth factors, may improve outcomes; similar
results were seen in patients with SCLC who had a
good or moderate prognosis [25, 32]. The present study
builds on these findings, demonstrating that pegfilgra-
stim administered once per cycle enables the admin-
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Table 5 Incidence of severe or life-threatening toxicities

Number (percent) of patients
(n =27)*

Adverse event Severe toxicity ~ Life-threatening

n (%)° toxicity® n (%)
Patients reporting severe 9 (33%) 2 (7%)
or life-threatening
adverse events
Hematologic events
Anemia 4 (15%) 0 (0%)
Febrile neutropenia 3 (11%) 1 (4%)
Thrombocytopenia 3 (11%) 0 (0%)
Leukopenia 2 (7%) 0 (0%)
Granulocytopenia 1 (4%) 0 (0%)
Pancytopenia 1 (4%) 0 (0%)
Petechiae 1 (4%) 0 (0%)
Nonhematologic events
Pulmonary edema 0 (0%) 1 (4%)
Pleural effusion 1 (4%) 0 (0%)
Pain 1 (4%) 0 (0%)
Intestinal perforation 0 (0%) 1 (4%)
Hypokalemia 1 (4%) 0 (0%)
Laryngeal neoplasm 1 (4%) 0 (0%)
(benign)
Moniliasis 1 (4%) 0 (0%)
Renal failure 1 (4%) 0 (0%)

ISome patients experienced more than one type of adverse event
As defined by the investigator

Mean (SE) ANC and Pegfilgrastim Serum Concentration
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Fig. 1 Mean (x SE) ANC and serum concentrations of
pegfilgrastim on day 1 of each cycle

istration of dose-dense ACE chemotherapy to patients
with extensive SCLC. All 22 patients who started cy-
cle-2 chemotherapy received full-dose cycle-2 chemo-
therapy on schedule, and 88% of cycles overall (in 67%
of patients) were administered at full dose on schedule.

Efficacy results in this study of patients with
extensive disease are similar to those reported in the
1995 Thatcher study of filgrastim support for ACE

chemotherapy in both limited and extensive SCLC. In
that study, cycle-2 chemotherapy was administered on
schedule to 72% of patients, and 58% of all cycles were
administered on schedule [27].

In this study, 17 of 27 patients (63%) experienced an
overall treatment response. This response rate is sim-
ilar to those obtained in other studies of patients with
SCLC. In a 1995 Thatcher study in which 35% of
patients had extensive disease, the overall response
rate was 85% [26]. In the 2000 Thatcher study of a
dose-dense regimen, 22% of patients had extensive
disease; the overall response rate was 78% [28]. In a
2002 study of irinotecan plus cisplatin versus etoposide
plus cisplatin in which all patients had extensive SCLC,
overall treatment response rates of 84.4% and 67.5%,
respectively, were observed [23]. The 7% complete
response rate in this study—only about one-third of the
complete response rate observed in the Thatcher 2000
study—was disappointing. It may reflect the fact that
all the patients in this study had extensive disease
compared with only 22% of patients in the Thatcher
study. The complete response rate in this study is
similar to the 9.1% rate of complete response observed
for patients receiving etoposide plus cisplatin in the
Noda study [23], in which all patients had extensive
disease.

Administration of dose-dense ACE 14 chemother-
apy in the present study was possible without an in-
creased safety risk, and adverse event profiles were
similar to those seen in similar patient populations.
Severe or life-threatening hematologic toxicities were
mainly anemia (15%), febrile neutropenia (15%),
thrombocytopenia (11%), and leukopenia (7%), but
overall toxicity rates were low. In contrast to our study,
in the Noda study in which growth factor support was
used only after neutropenia or leukopenia occurred, a
high proportion of patients experienced Grade 3 or 4
neutropenia (65% in the irinotecan—cisplatin group and
92.2% in the etoposide — cisplatin group; febrile neu-
tropenia was not identified separately) [23]. Pegfilgra-
stim was self-regulating, as demonstrated by the
pharmacokinetic observation that pegfilgrastim con-
centrations at the start of cycle 2 were below active or
detectable levels.

The results of our study indicate that pegfilgrastim
use allows for dose-dense ACE chemotherapy in pa-
tients with extensive SCLC with acceptable toxicity.
The sustained-duration formulation of pegfilgrastim
permits patients to receive hematopoietic support in a
single injection per cycle. The results of the present
study are important in advancing the development of
chemotherapy treatment strategies for extensive SCLC,
but further evaluation of this dose-dense regimen in
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comparison to a conventional-schedule chemotherapy
regimen is warranted.
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