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Exclusion criteria included symptomatic brain metasta-
sis, bone mectastasis requiring radiation treatment, accumu-
lation of plural fluid requiring treatment like drainage,
continuous long-term freatment with non-steroidal anti-
inflammatory agents, glucocorticoids, or morphine deriva-
tives, serious complications or other active cancer, and
those judged by the investigators to be inappropriate for the
study. Patients who were pregnant, breast-feeding, or taking
inadequate contraceptive precautions were also ineligible.
Further, the protocol was amended during the course of the
study to exclude patients with confirmed or suspected inter-
stitial pncumonitis owing to the exacerbation of asymptom-
atic interstitial preumonitis, identified by chest X-ray or
computed tomographic (CT) scan before treatment, in three
patients in an identical study, of whom two died [14). The
study protocol was approved by the institutional review
board at cach hospital, and written informed consent was
obtained from all patients prior to participation.

Treatment

Amrubicin (Sumitomo Pharmaceuticals Co., Ltd, Osaka,
Japan) was supplied as a freeze-dried powder in vials
containing 20 mg each. It was reconstituted in 20 mL of
physiological saline or 5% glucose solution and given by
intravenous infusion at 45 mg/m?/day over 5 min on three
consccutive days. with the cycle repeated every 3 weeks. A
minimum of three cycles was undertaken except in the
occurrence of disease progression, unacceptable toxicity or
patient noncompliance.

Before treatment, all patients underwent medical history
review, physical examination, hematology and serum
biochcmistry tests, urinalysis, electrocardiography (ECG),
cchocardiogram for left ventricular ejection fraction
(LVEF), and baseline tumor measurements (e.g. chest
radiography, CT scans, bone scintigraphy). Measurable
and assessable lesions were evaluated within 2 weeks of
the start of treatment, and ECG and LVEF within 1 month,

Laboratory variables were measured weekly as a rule,
including complete differential blood cell counts, platelet
counts, hematocrit, blood biochemistry, and urinalysis. Com-
plete differential blood cell and platelet counts were obtained
at lcast twice weekly when myelosuppression was observed.
The ECG was measured with every treatment cycle, and the
LVEF test every second cycle. Chest radiography and CT
scans werc cartied out every cycle as a rule.

Subjective symptoms and objective signs were observed
and recorded as required

Adjustment of dosage and schedule modification

Treatment was repeated when the WBC count recovered to
23.000/uL and the platelet count recovered to >100,000/
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uL. Treatment was delayed when recovery was incomplete
until these values were reached, and withdrawn if they were
not reached within 5 weeks. Dosage was maintained as in
the previous course if the WBC nadir was <1,000/uL for
<3 days, or >1,000/uL and the platelet nadir was 250,000/
pL, and reduced by § mg/m’/day from the previous dosage
if the respective values were <1,000/uL for >4 days and/or
<50,000/uL.

Response and toxicity evaluation

Response was assessed in accordance with the “Criteria for
the evaluation of the clinical effects of solid cancer
chemotherapy” of the Japan Society for Cancer Therapy
[15], which are virtually identical to those of the World
Health Organization {16], namely with a complete response
(CR) defined as the disappearance of all lesions for a
minimum of 4 weeks; a partial response (PR) as a 50% or
greater decrease in the sum of the products of the diameters
of the measurable lesions for a minimum period of 4 weeks
and no new lesions; no change (NC) as a decrease in the
tumor mass of less than 50% or any increase of less than
25%; and progression disease (PD) as an increase in the
size of any measurable lesion by 25% or the appearance of
new lesions.

Toxicity was graded based on the side effect record form
of the Japan Society for Cancer Therapy criteria [15].
Toxicity items not included on the record form were
recorded as present or absent without grading.

Table 1 Patient characteristics

Patient characteristics No. of patients Percent
No. of enrolled patients 62
No. of eligible patients 60
Age, years

Median 65.5

Range 41-75
Gender

Male 37 61.7
Female 23 38.3
Performance status (ECOG scale)
0 8 13.3
1 41 68.3
2 11 8.3
Histology
Squamous cell carcinoma 24 40.0
Adenocarcinoma 29 433
Large cell carcinoma 7 1.7
Stage
HIA 5 8.3
1B 14 233
v 41 68.3
ECOG Eastem Cooperative Oncology Group
@ Springer
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Table 2 Response to amrubicin

No. of patients

Response (No. of patients)

Response rate, % [95%CI]

CR PR NC PD NE
Eligible patients 60 0 11 30 16 3 18.3 [9.5-30.4]
Histology:
Squamous cell carcinoma 24 0 6 9 7 2 25.0
Adenocarcinoma 29 0 5 17 6 1 17.2
Large cell carcinoma 7 0 0 4 3 0 0
Stage
A 5 0 2 3 0 0 40.0
HTB 14 0 3 7 3 i 214
v 41 0 6 20 13 2 14.6
Performance status (ECOG):
0 8 0 2 4 2 0 25.0
1 41 0 8 22 10 1 19.5
2 11 0 1 4 4 2 9.1

Abbreviations: CR, complete response; PR, partial response; NC, no change; PD, progressive disease; NE, not evaluated; ECOG, Eastem

Cooperative Oncology Group

Statistical analyses

Primary endpoint was response rate. In this study, the
number of patients was estimated as 60 to guarantee at least
10% response rate with a probability of 95% at 20% of
expected response rate. Secondary endpoints were overall
survival and safety. The time frame for overall survival was
defined as the time from treatment until onset of the event.
Kaplan-Meier life table was constructed for patient
survival, l-year survival, 2-year survival and median
survival time [17). All analyses were done using SAS,
version 8.2 (SAS Institute Inc., Cary, North Carolina).

Results
Patient characteristics

Of 62 patients registered between April 1995 and September
1997 through 14 participating institutions in Japan, 60
patients were eligible and assessable for efficacy and 59
were assessable for safety (Table 1). Two patients were
ineligible due to the protocol deviation in the inclusion
criteria, not NSCLC in one patient and receiving prior
chemotherapy in a second patient. Another patient was not
safety-assessable due to a withdrawal of informed consent
soon after the completion of first cycle treatment. By stage,
41 patients had stage 1V disease, 14 had stage IIiB, and 5
had stage TIIA. Histologically, 29 patients had adenocarci-
noma, 24 squamous cell carcinoma, and only 7 large cell
carcinoma, Most patients had a good performance status
(PS) of 0 or 1, but 11 (18.3%) had PS of 2. No patient had
reccived any prior treatment, including radiotherapy.

@_ Springer
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Response and survival

Response among the 60 eligible patients was 11 PRs,
giving an overall response rate of 18.3% (95% CI, 9.5 to
30.4%) (Table 2). Responders were 6 (25.0%) of 24
patients with squamous cell carcinoma and 5 (17.2%) of
29 with adenocarcinoma.

Regarding the overall survival curve, median survival
time was 8.2 months (95% CI, 6.7 to 10.4 months), and
1- and 2-year survival rates were 34.9% and 7.6%, respec-
tively (Fig. 2).

MST: 8.2 months {95% CI, 6.7 to 10.4}

100 1-Year survival rate: 34.9%
2-Year survival rate:  7.6%
2
2
é 4
a 50 1
E —
g
Q -
a
0 T ] T T T T
0 6 12 18 24 30 36
Survival time (months)
No. of patients at risk
60 37 16 6 2 1

Fig. 2 Overall survival of patients with advanced non-small-ceil lung
cancer following treatment with amrubicin. Median survival time was
8.2 months (95% confidence interval, 6.7-10.4 months)
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Table 3 Major treatment- .. . .

related hematologic toxicity Toxicity No. of assessable patients Toxicity grade

of amrubicin . 5 3 P >1 >3

(No. of patients) Frequency (%)

Anernia (hemogiobin) 59

Leukopenia 59
Neutropenia 59
Thrombocytopenia 59

16 17 16 2 86.4 30.5
S 16 21 11 89.8 54.2
0 7 12 34 89.3 78.0

12 3 9 8 54.2 28.8

Safety

Hematologic toxicities observed throughout the present
clinical trial for which a causal relationship to amrubicin
could not be denied are shown in Table 3. The most
common was myelosuppression, particularly neutropenia,
leukopenia and anemia (hemoglobin decrease) with fre-
quencies of 89.8, 89.8 and 86.4%, respectively. Thrombo-
cytopenia was somewhat lower frequent (54.2%). Among
these, the incidence of grade 3 or 4 toxicity was 78.0% for
neutropenia, 54.2% for leukopenia, 30.5% for anemia, and
28.8% for thrombocytopenia.

Althocugh mild, non-hematologic toxicities included
stomatitis, anorexia, nausea/vomiting, diarrhea, fever, alo-
pecia, and AST/ALT elevation were each seen in more than
10% of the patients (Table 4). Grade 3/4 episodes were seen
only for anorecxia, nausea/vomiting, and alopecia with
frequencics of cach 1.7%. ECG abnormalities for which a
relationship to amrubicin was unknown were seen in two
patients, onc with transient negative T and the second with
ST depression, but were judged not to be clinically sig-
nificant on review by a cardiologist. A decrease in LVEF
for which a causal relation to amrubicin could not be denied

was seen in two patients, one with a decrease from 73% at
base line to 53% after three cycies of treatment and in the
second from 69 to 52% after two cycles. LVEF values
fluctuate readily under the influence of various factors, and
these changes are not particularly abnormal. Moreover, no
accompanying changes in ECG or symptoms were seen,
and thus the medical significance was not clear. However,
given that amrubicin is an anthracycline derivative, like
doxorubicin, the cardiotoxicity of which is well known,
treatment was discontinued as precaution.

Discussion

This present study indicates that amrubicin is an active agent
in the treatment of patients with NSCLC. Overall response
rate was 18.3% (95% CI, 9.5 to 30.4%) and median survival
time was 8.2 months (95% CI, 6.7 to 10.4 months). In an
identical study, which included 61 patients, amrubicin
achieved overall response rate of 27.9%, with 1 CR and 16
PRs, and median survival was 9.8 months [14]. Thus, the
overall response rate for amrubicin in these two studies with
an identical protocol was 23.1% (95% CI, 16.0 10 31.7%).

Table 4 Major treatment-

Toxici No. of tient Toxici d
related non-hematologic oxicity 0. of assessable patients oxicity grade
toxicitics of amrubicin 1 N 3 4 ) >3
(No. of patients) Frequency (%)
Stomatitis 59 7 2 0 0 15.3 0
Anorexia 59 20 20 [ -2 69.5 1.7
Nausea and vomiting 59 21 1 1 =° 55.9 1.7
Abbreviations: AST, aspantate Diarrhea 9 ? 0 8 0;, ,I)';: g
aminotransferase: ALT, alanine Fever_ ) 59 8 7 - e
aminotransferase; ALP, alka- Phlebitis 59 2 0 0 01 34 0
linc phosphatase: BUN. blood Alopecia 58 27 16 1 -~ 759 1.7
urine nitrogen: LVEF, left Total bilirabin elevation 58 4 0 0 0 6.9 0
ventricular cjection fraction; AST elevation 59 10 1 0 0 18.6 0
ECG, electrocardiogram ALT elevation 59 9 4 0 0 220 0
:Toxicity grade not defined. ALP clevation 59 3 1 0 0 6.8 0
. Tox'lcmc.s not graded. BUN elevation 59 4 0 0 0 6.8 0
Ratio of number of rcported .
patients to numbcer of observed omersh LVEF decrease, 2/42c; ECG abnormality, 2/54
patients,
@ Springer
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NSCLC is known to have poor sensitivity to chemotherapy
[18-20], but the recent development of newer agents such as
paclitaxel, docetaxel, gemcitabine, vinorelbine, and irinotecan
has seen considerable improvements in therapeutic outcomes
(21, 22]. with response rates of more than 20% when used as
single agents in previously untreated patients with advanced
NSCLC. The present results indicate that amrubicin which is
different from these newer agents in mode of action [9],
namely the inhibition of topoisomerase II, is comparable to
these newer agents in efficacy for NSCLC.

The major toxicity of amrubicin was hematologic, partic-
ularly neutropenia and leukopenia. In contrast, no febrile
neutropenia was observed. Non-hematologic toxicity was
relatively mild, with the only grade 3/4 episodes being scen
for anorexia, nausea/vomiting, and alopecia with frequencies
of each 1.7%. These safety results are supported by those from
an identical study [14]. In that study, interstitial pneumonitis
developed in three patients, of whom two died [14]. So the
protoco! was revised to exclude patients with confirmed or
suspected interstitial pneumonitis. In the present study,
interstitial pneumonitis was not seen.

Among cardiotoxicity, abnormalities in ECG and a
decrease in LVEF were seen in two patients each. These
changes were asymptomatic and did not overlap in the
same patients. These findings suggest that unlike the case
of cardiomyopathy caused by doxorubicin, the effect of
amrubicin on cardiac function is neither secrious nor
definite. Tt is well known that doxorubicin experimentally
and clinically causes cardiomyopathy which is cumulative
toxicity caused by long-term treatment. In contrast, amru-
bicin on repeated administration did not cause cardiotox-
icity or aggravate doxorubicin-induced cardiotoxicity in
rabbits and dogs [7, 8]. Although cardiomyopathy has not
been clinically observed to date, careful observation on the
effects of amrubicin on the heart is required in further clini-
cal studies, especially for patients on long-term treatment,

In conclusion, amrubicin showed promising activity against
NSCLC in the present study. In a previous study, moreover, the
combination of amrubicin and cisplatin demonstrated an
impressive response rate and median survival time for
extensive-stage SCLC (87.8% and 13.6 months, respectively)
(23] We are presently planning a phase I study of the
combination of amrubicin and cisplatin for advanced NSCLC.
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Summary Purpose: To evaluate the efficacy and safety of
amubicin, (+4)-(7S, 95)-9-acetyl-9-amino-7-[(2-deoxy-fA-
D-ervthro-pentopyranosyl Joxy 1-7,8,9,10-tetrabydro-6,1 1-
dihydroxy-5,12-naphthacenedione hydrochloride, in previ-
ously untreated patients with extensive-disease small cell
lung cancer (SCLC).

Patients and methods: A total of 35 previously untreated
patients with extensive-disease SCLC were entered into the
study. Amrubicin was given by daily intravenous infusion at
45 mg/m*/day for 3 consecutive days, every 3 weeks. Un-
less there was tumor regression of 25% or greater after the
first cycle, or 50% or greater after the second cycle, treat-
ment was switched to salvage chemotherapy in combination
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with etoposide (100 mg/m?, days I, 2, and 3) and cisplatin
(80 mg/m?, day I). ‘

Results: Of the 35 patients entered. 33 were eligible and
assessable for efficacy and toxicity. Of the 33 patients, 3
(9.1%) had a complete response (95% confidence interval
{CI]. 1.9-24.3%) and 22 had a partial response, {or an over-
all response rate of 75.8% (95% CI, 57.7-88.9%). Median
survival time was [1.7 months (95% CI, 9.9~15.3 months),
and 1-year and 2-year survival rates were 48.5% and 20.2%,
respectively. The most common toxicity was hematologic.
Non-hemalelogic toxicity of grade 3 or 4 was only seen in
3 patients with anorexia (9.1%) and | patient with alopecia
(3.0%). Salvage chemotherapy was administered to only 6
patients.
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Conclusion: Amrubicin was active for extensive-disease
SCLC with acceptable toxicity. Further studies in combina-
tion with other agents for SCLC are warranted.

Keywords Amrubicin - Small cell lung cancer -
Anthracycline - Previously untreated patients - Phase 11
study

Introduction

Small cell lung cancer (SCLC) is a major cause of can-
cer deaths and accounts for 15 to 20% of all lung cancers
[1]. Although this cancer is initially highly responsive to
chemotherapy, the vast majority of patients will ultimately
relapse and die of recurrent disease within 2 years [2]. Re-
cently, combination chemotherapy with irinotecan and cis-
platin for extensive-discase SCLC produced more survival
benefit than etoposide and cisplatin, the worldwide standard
regimen since 1981 3. 4]. Median survival rime and 2-year
survival rate of the standard regimen is 2.8 months and
19.5%, respectively. Clearly, new and more effective agents
against SCLC are needed.

Amrubicin is a totally synthetic 9-aminoanthracycline,
(+)-(7S,  95)-9-acetyl-9-amino-7-[(2-deoxy-fi-D-eryihiro-
pentopyranosyloxyl-7. 8. 9. 10-tetrahydro-6, | I-dihydroxy-
5,12-naphthacenedione hydrochloride, with a chemical
strucrare similar to that of doxorubicin (Fig. 1) {5]. Am-
rubicin showed more potent antitumor activity than doxoru-
bicin in several human tumor xenografts implanted in nude
mice |6]. Acute toxicity of amrubicin is qualitatively similar
to that of doxorubicin [7], however, amrubicin shows almost
no delayed toxicity (e.g. cardiotoxicity) [8, 9].

Amrubicin is converted to an active metabolite, am-
rubicinol, by reduction of its C-13 ketone group to a
hydroxy group. In vitro cytotoxic activity of amrubici-
nol was almost equipotent to that of doxorubicin and 20
to 220 times more potent than that of its parent com-
pound, amrubicin [10]. Amrubicinol is considered to be
closely associated with the efficacy and toxicity of amrubicin

[E1].

Fig. 1 Chemical structures of
amrubicin and doxorubicin

Amrubicin
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Despite their similarity in chemical structure, amrubicin
has a different mode of action to doxarubicin [12}. Anuru-
bicin and its active metabolite, amrubicinol, are inhibitors
of DNA topoisomerase [I. Amrubicin and amrubicinol exert
cytotoxic effects by stabilizing topoisomerasc TI-mediated
cleavable complexes, while doxorubicin does not inhibit this
step of the catalytic cycle of topoisomerase IT at concen-
trations for which it demonstrates cytotoxicity. Doxorubicin
is a potent DNA intercalator, and its cytotoxicity is thought
to be mainly due to this. Amrubicin and amrubicinal are
about one-tenth weaker DNA intercalators than doxorubicin.
Therefore, they are similar to etoposide in terms of inhibition
of topoisomerase [I by stabilizing the cleavable complexes,
although etoposide does not show any DNA intercalating
activity.

In a phase I-1I study in patients with non-small cell lung
cancer, amrubicin was administered as a 5-min intravenous
infusion for 3 consecutive days [13}. The maximum toler-
ated dose (MTD) was 50 mg/m*/day and the dose-limiting
toxicities were leukopenia, neutropenia, thrombocytopenia,
and gastrointestinal complications. The recommended dose
for the phase IT study was 45 mg/m>/day for 3 consecutive
days every 3 weeks.

Based on these experimental data and preliminary clini-
cal reports indicating that amrubicin may be active against
fung cancer, the West Japan Thoracic Oncology Group (WJ-
TOG) evaluated it for use in SCLC. The WITOG conducted
a phase [T study in previously untreated extensive-disease
SCL.C patients as a first-line therapy. Salvage chemotherapy
with etoposide and cisplatin and an early cessation rule were
set in place as precautionary measures.

Patients and methods
Eligibility criteria
Eligibility criteria included histologically or cytologically

proven small cell lung cancer with extensive-disease de-
fined as distant metastasis and/or disease involving the

P

0

Doxorubicin

1002
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contralateral hilar lymph nodes; no prior treatment; life
expectancy of at least 2 months; the Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 2;
at least one bidimensionally measurable lesion; age less
than 80; adequate organ function, such as white blood
cell (WBC) count of 4000 x 10%/L or greater, hemoglobin
level 10 g/dL or greater, platelet count (00 x 10°/L or
greater, AST and ALT less than 100 IU/L., bilirubin ievel
£.5 mg/dL or less. creatinine concentration 1.2 mg/dL
or less, clectrocardiogram (ECG) findings within normal
range, and feft ventricular ejection fraction (LVEF) of
echocardiogram 60% or greater. All patients gave writ-
ten informed consent. Incligibility criteria were: brain
or bone metastases requiring radiation; continuous long-
term treatment with non-steroidal anti-inflammatory drugs
and glucocorticoids; puimonary fibrosis; serious complica-
tions and other active malignancy; or pregnant or nursing
subjects,

This study was approved by the institutional review boards
at each participating center.

Study design

Amrubicin  (Sumitomo Pharmaceuticals Co., Ltd, Os-
aka, Japan) was dissolved in 20 mL nonmnal saline and
administered once intravenously as a S-min infusion at a
dose of 45 mg/m*/day on days 1 to 3. every 3 wecks.

Before treatment, all patients underwent a medical history,
physical examination, hematology and serum biochemistry
tests, urinalysis, ECG, LVEF, and baseline tumor measure-
meuis (chest radiography, CT scans, bone scintigraphy, and
other measuremneats as appropriate). All measurable and as-
sessable tesions were evaluated within 2 weeks before treat-
ment. ECG and L.VEF were undertaken within 1 month be-
fore treatment.

Complete and differential blood cell counts. platelet
counts, hematocrit analysis, biochemical analysis including
AST, ALT, alkaline phosphatase, LDH, total bilirubin, BUN,
creatinine, serum bilirubin, albumin, 1otal protein, and elec-
trolyte levels (Na, K, Cl, and Ca), and urinalysis (including
protein, glucose, urobilinogen, and occult blood) were per-
formed weekly as a rule. When severe myelosuppression was
observed, complete and differential blood cell counts plus
platelet counts were performed 2 times or more per week.
ECG was undertaken every treatment cycle and LVEF every
other cycle. Chest radiography and CT scans were carried
out every cycle as a rule.

Subjective and objective symptoms were observed and
recorded as appropriate.

Dose modifications were made according to WBC and
platelet counts. If the WBC count nadir was lower than
1000 % 10%/L for 4 days or longer andfor the platelet count
nadir was lower than 50 x 10°/L., a dose reduction of 5 mg

was stipulated in the subsequent treatment course. Treatment
was postponed until the WBC and platelet counts recovered
to >3.000 x 10°/L and >100 x 10%/L., respectively.

In patients who demonstrated twmor regression of 25%
or greater after the first course of chemotherapy, amru-
bicin treatment was continued. After the second course,
patients had to have achieved tumor regression of 50% or
greaicr to continue to receive the drug up to a maximum
of 6 courses. Treatment of combination chemotherapy with
ctoposide (100 mg/m® on days 1. 2. and 3) and cisplatin
(80 mg/m? on day 1) was recommended for patients who
failed to fulfill any of the above criteria.

Evaluation of response and toxicity

Response was assessed according 1o the “Criteria for the
evaluation of the clinical effects of solid cancer chemother-
apy” of the Japan Society for Cancer Therapy | 14], which are
virtually identical to those of the World Health Organization
[15]. A complete response (CR) was defined as disappeatr-
ance of all lesions for a minimum of 4 weeks. A partial
response (PR) was defined as a 50% or greater decrease in
the swn of the products of the diameters of measurable le-
sions for a minimum period of 4 weeks and no new lesions.
No change (NC) was defined as a decrease in the tumor mass
of less than 25% or any increase of less than 25%. Progres-
sive disease (PD) was defined as an increase in the size of
any measurable lesion by 25% or greater or the appearance
of new lesions.

Toxicity grading was recorded based on the side effect
record form in the “Criteria for the evaluation of the clinical
effects of solid cancer chemotherapy™ of the Japan Society
for Cancer Therapy [14].

Statistical analyses

The estimated sample size was 30 to guarantee that the lower
limits of 95% confidence interval would be at least 20% at
40% of expected responsc rate. An carly cessation rule was
in place to terminate the study if at least 4 responses had not
been seen among |5 patients evaluated. Median overall sur-
vival was estimated using the product-limit (Kaplan-Meter)
method {16].

Results

Patient characteristics

Of 35 patients entered into this study between May 1995
and January 1997, 33 patients were cligible and assessable
for efficacy and toxicity. There were 2 incligible partients

because of serious complications before treatment (cardiac
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Table 1|  Patient characteristics
Paticnt characteristics No. of paticuts (V = 33) %
Age (years)
Median 66
Range 42-78
Sex
Male 29 87.9
Female 4 12.1
Performance status (FCOG)
0 5 15.2
| 26 78.8
2 2 6.1
Stage
HiB | 310
v 32 97.0
Prior therapy
No 33 100

ECOG: Eastern Cooperative Oncology Group.

failure and aggravation of hepatitis, respectively), and they
did not receive amrubicin. Characteristics of the 33 eligible
patients are shown in Table 1. Of the 33 paients, 13 (39%)
were 70 years of age or older, 88% were male, and 94% had
an ECOG performance status of O or 1.

Efficacy
Response to amrubicin is shown in Table 2. The early ces-
sation rule was not imposed to terminate the study, as 10

responses were seen after 15 patients were enrolled. Of 33

Table 2 Response (o amrubicin

patients. 3 achieved a complete response, giving a CR rate
of 9.1% (95% CI, 1.9-24.3%), and 22 a partial response, for
an overall response rate of 75.8% (95% CI, 57.7-88.9%).
Of 7 patients, 6 experiencing no change under amrubicin
treatment were switched ro salvage chemotherapy. Of these,
2 had partial responses and the others had no change.

The overall survival curve is shown in Fig. 2. Median
survival time was | 1.7 months (95% CI, 9.9-15.3 months).
and |-year and 2-year survival rates were 48.5% (95% CI,
31.4-65.5%) and 20.2% (95% Cl, 6.4-34.4%). respectively.

Toxicity

The major observed toxicity was hematologic, as shown in
Table 3. Ali patients experienced leukopenia and neutrope-
nia. Grade 3 or 4 leukopenia occurred in 51.5% of patients
and grade 3 or 4 neutropenia in 84.8%. Anemia and throm-
bocytopenia were observed in 78.8% and 39.4% of patients,
respectively, both with a frequency of grade 3 or 4 of 21.2%.
Despite the severe hematologic toxicity of amrubicin. there
was no febrile neutropenia or treatment-related death dur-
ing the entire treatment of 33 patiemts. Granulocyte colony-
stimulating factor (G-CSF) was used in 55 (40%) of atotal of
136 cycles, in 13 patients (39%). Most hematologic toxicity
in this trial was well-controlled without dose reduction: 88%
of the total treatment cycles were delivered at the planned
dosage of amrubicin, 45 mg/m>/day.

Noun-hematologic toxicities observed in more than 10%
of patients were anorexia (54.5%), nausea and vomiting

Response (No. of patients)

No. of assessable patients  CR PR : NC PD  CRrate, % (95% CI)  Respousc rate. % (93% €I
33 3 22 7 1 9.1 (1.9-24.3) 75.8 (57.7-88.Y)

CR: complete responsc; PR: partial response; NC: no change; PD: progressive disease; 95% CI: 95% confidence interval.
p P B prog

Fig. 2 Overall survival of —
patients with extensive-discase 100
small cell lung cancer treated
with ameubiciac, MST: median
survival time; Y5% CI: 95% —_ ]
i i . X -
confidence interval =
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2
e 50
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MST: 11.7 months [95% CI, 9.9 to 15.3]
1-Year survival rate: 47.7% {95% Cl, 31.4 to 65.5]
2-Year survival rate: 26.5% [95% ClI, 6.4 to 34.4)
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Table 3 Main treatment-related toxicity of amrubicin
Toxicity grade others
[ 2 3 4 > >3
Toxicity No. of assessable patients (No. of patients) Frequency (%)
Hematologic toxicity
Ancmia (hemoglohin) 33 12 7 6 ! 78.8 212
Leukopenia 33 5 il 13 4 100 515
Neuiropenia 3 i 4 14 14 100 84.8
Thrombocytopenia 3 3 3 | . 6 394 212
Non-hematologic toxicity
Stomaltitis 33 2 | 0 0 9.1 0
Anorexia 33 12 3 3 - 545 9.4
Nausea and vomiting 33 12 7 ] - 57.6 0
Diarrhea 33 6 ) 0 1] 18.2 0
Fever 33 3 7 0 0 30.3 0
Phlebitis 33 1 1 0 0 6.1 0
Alopecia 33 Il 8 1 = 60.6 3.0
Total bilirubin elevation 3 1 | 0 0 6.1 0
AST clevation i3 5 0 0 0 15.2 0
ALT elevation KX R | 0 0 273 0
ALP clevation kX! 1 0 0 0 3.0 0
BUN elevation 33 2 \] 0 0 6.1 0
Others® Headache, 1/33¢ Rash, 1/33: Constipation. [/33; Interstitial pncumonia, 1/33: Rhinorrhagia, 1/33; ECG

abnormulity, 3/32

AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; BUN: blood urine nitrogen; ECG: clectrocardiogram.

“Toxicity grade was not defined for these 1oxicities.

PToxicities which were not graded.

“Proportion of number of reported paticnts to number of ohserved paticnts.

(57.6%), diarrhea (18.2%), fever (30.3%), alopecia (60.6%).
AST increase (15.2%), and ALT increase (27.3%). Most of
these were mild ( <grade 2), with only 3 patients (9.1%)
experiencing grade 3 anorexia and | patient grade 3 alope-
cia (3.0%). A single patient developed interstitial pneumo-
nia after the second cycle of treatment; however, it was
reversibly recovered by steroid therapy and cessation of
amrubicin treatment. ECG abnormality was observed in
3 patients (9.4%; supraventricular extrasystole, prolonged
QT interval, and T wave flattening in [ patient each),
which did not need any treatment. No LVEF decrease was
observed.

Discussion

Results of this phase IT study demonstrate that amrubicin is
an extremely active agent against extensive-disease SCLC.
The complete response rate was 9.1% (95% CI, 1.9-24.3%),
overall response rate 75.8% (95% Cl, 57.7-88.9%), and me-
dian survival time [1.7 months (95% CI, 9.9-15.3 months).
These results are comparable or even superior to those of
the standard combination regimen of cisplatin and etopo-
side, used as the gold standard of extensive-disease SCLC

therapy since 1981 and remaining unchanged over the last 2
decades [4).

SCLC is sensitive to cytotoxic anticancer agents. Of an-
ticancer drugs developed before 1990, a number of agents
with response rates of 20% or greater for SCLL.C were listed as
active drugs [17]. Of these drugs, etoposide, cisplatin, carbo-
platin, doxorubicin, cyclophosphamide, and vincristine, are
still currently used as important constituents of combination
regimens in the treatment of SCLC. Tn addition, several drugs
wilh significant activity for SCL.C have been developed since
1990. Irinotecan showed a response rate of 33% to 47% even
in previousty treated patients who are generally less sensitive
to chemotherapy {18. 19). Recently a new combination regi-
men of irinotecan plus cisplatin was demonstrated to be sig-
nificantly superior to standard regimen of ctoposide pius cis-
platin in median survival time (12.8 months vs. 9.4 months,
P = 0.002)[3]. Tn addition, topotecan, paclitaxel, docetaxel.
and gemcitabine are reported to have response rates of 26%
to 41% for extensive-disease SCLC patients without previ-
ous treatment [20-24]. Compared to these agents, amrubicin
demonstrated a much higher response rate (75.8%) in this
study, indicating it is a promising novel agent with potential
to overcome the therapeutic plateau of SCI.C.
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The major toxicity of amrubicin was hematologic. Grade 3
or 4 leukopenia was frequently observed in 51.5% of patients
and grade 3 or 4 neutropenia in 84.8% of patients. Despite
such severe hematologic toxicity, 88% of the total treat-
ment cycles could be delivered without dose reduction and
non-hematologic toxicities were mild. Although anorexia
(54.5%) and nausea and vomiting (57.6%) were frequently
observed, there were no episodes of grade 3 or 4 toxicity,
except for 3 patients {9.1%) with grade 3 anorexia and |
patient (3.0%) with grade 3 alopecia. A single patient de-
veloped interstitial pneumonia; however, this was reversible
with steroid therapy. ECG abnormalities were observed in 3
patients, but they were cach reviewed by a medical cardiol-
ogist and judged not to be clinically significant. No LVEF
decrease was observed. Results show that the toxic profiles
of amrubicin are acceptable and favorable in the treatment
of extensive-disease SCLC, although due to its hematologic
toxicity, in particular ncutropenia. G-CSF support is nceded.

In conclusion, amrubicin is a very active and promising
agent with acceptable toxicity for patients with SCLC. Fur-
ther studies are warranted in combination with other agents
for this disease.
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ORIGINAL ARTICLE

Phase Il Study of Paclitaxel and Irinotecan Chemotherapy
in Patients With Advanced Nonsmall Cell Lung Cancer

Fumihiro Oshita, MD, Haruhiro Saito, MD, Kouzo Yamada, MD, and Kazumasa Noda, MD

Objectives: We conducted a phase I study of combination chemo-
therapy with paclitaxel (Pac) and irinotrecan (CPT) to determine the
qualitative and quantitative toxicitics and efficacy of the combina-
tion against advanced nonsmall cell lung cancer (NSCLC).
Patients and Methods: Patients with stage IIIB or IV NSCLC were
treated with CPT at 60 mg/m?® and Pac at 160 mg/m? every 2 weeks.
Results: Between May 2002 and July 2004, 39 of registered 46
patients received 4 to 6 cycles of chemotherapy, and 7 patients
discontinued treatment because of discasc progression in 5 patients
and grade 2 pneumonitis in 2 patients. Grade 3 anemia, leukopenia,
neutropenia, and elevation of bilirubin occurred in 4.0%, 0.5%,
1.0%, and 0.5%, respectively. Twenty-one patients responded, and
the overall response rate was 45.6%. The median survival time was
355 days and the 1-year survival rate was 47.8%.

Conclusion: Pac plus CPT was efficacious and safe in NSCLC.

Key Words: paclitaxel, irinotecan, nonsmall cell, lung cancer

(Am J Clin Oncol 2007;30: 358--360)

Current chemotherapy regimens for metastatic nensmall
cell lung cancer (NSCLC) are not particularly effective,
and the disease cannot be cured even with the most effective
chemotherapy. Current international guidelines recommend
the use of platinum-based chemotherapy for patients with
advanced NSCLC,' and the use of doublets including plati-
num plus a third-generation agent has been widely accepted
for patients with a good performance status. A meta-analysis
of the published literature clearly showed the superiority of
platinum-containing regimens in terms of objective response
rate, and this superiority was found throughout the subgroup
analyses performed.®> The study results also confirmed that
platinum-based therapy is generally associated with higher
toxicity, particularly nausea and vomiting, hematologic tox-
icity, and nephrotoxicity. Nevertheless, platinum-based regi-
mens can be administered as safely as nonplatinum therapies
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when patients are selected correctly. However, this study did
not include every combination of nonplatinum drugs, and it is
necessary to examine every such new combination for effi-
cacy and toxicity.

Combined analysis of two randomized phase 1II studies
demonstrated that irinotecan (CPT) combined with cisplatin
significantly improves survival compared with vindesine and
cisplatin in patients with advanced NSCLC.? In Japan, CPT is
considered a key drug against NSCLC. Preclinical studies
that have evaluated combinations of a camptothecin with a
taxane have yielded promising results, and several studies
have demonstrated an additive or synergistic interaction be-
tween camptothecin and taxanes.® Our previous phase I study
of a Pac and CPT combination showed that pneumonitis was
the dose-limiting toxicity and led to a recommendation of Pac
160 mg/m? and CPT 60 mg/m? every 2 weeks for further
study.®> This study also demonstrated an objective responsc
rate of 58.3% and a l-year survival rate of 54.2%. Accord-
ingly, we expected the combination of Pac and CPT to
display high activity against NSCLC and designed a phase Il
study to determine the efficacy and toxicities.

PATIENTS AND METHODS
The Institutional Review Board of Kanagawa Cancer
Center reviewed and approved this study prior to commence-
ment.

Patients

Patients with histologically or cytologically confirmed
NSCLC were registered. Eligibility criteria were: clinical
stage [IIB or IV, an expected survival of at least 12 weeks,
age <70 years, Hastern Cooperative Oncology Group PS
score <, leukocyte count =4000/nl, hemoglobin =10
g/dL, platelet count =100,000/uL, total serum bilirubin <1.5
mg/dL, aspartatec aminotransferase and alanine aminotrans-
ferase <90 1U/L, and serum creatinine <1.5 mg/dL. Patients
who had experienced postoperative recurrence were eligible
for this study, but a 4 or more week rest period was required
after surgery. Patients who had received chemotherapy or
radiotherapy were excluded from this study. Written in-
formed consent was obtained from every patient.

Chemotherapy

All patients without diseasc progression were treated
every 2 weeks for a total of 4 courses of chemotherapy. CPT
was administered at a dose of 60 mg/m* on day 1. Pac was
administered at a dose of 160 mg/m? on day 1. Premedication
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consisting of 20 mg dexamethasone and 50 mg ranitidine was
infused. A 50-mg oral dose of diphenhydramine was also
administered. Prophylactic G-CSF, 50 ug/m” per day or 2
ug/kg per day, was administered subcutaneously on days 6 to
10. Patients were given a 5-HT, antagonist intravenously.
Subsequent courses of chemotherapy were started when pa-
tients satisfied the organ function criteria: leukocyte count
23000/uL, neutrophil count =1500/uL, platelet count
275,000/, and less than grade 1 nonhematologic toxici-
ties, except alopecia. Grade 3 nausea and vomiting did not
preclude subsequent courses of chemotherapy. Chemother-
apy was repeated for a maximum of 6 courses unless the
disease progressed, but it was stopped if the tumor response
was judged to be NC after 4 courses. Tumor response was
evaluated according to RECIST criteria.® Toxicities were
evaluated according to the NCI-CTC (version 2) criteria.”

Study Design

We chose a 50% response rate as a desirable target
level and a 30% response rate as uninteresting. The study
design had power in excess of 90% and less than 10% error;
therefore, 22 assessable patients in the first step and 24 in the
second step were required according to the optimal design of
Simon.® We decided to stop the study if there were fewer than
8 responders in the first step. The regimen was defined as
active if there were 18 or more responders out of the total of
46 patients. Overall survival was estimated by the method of
Kaplan and Meier.

RESULTS

Between May 2002 and July 2004, 46 patients were
registered in the phase II study (Table 1). A total of 22
patients were registered for assessment of response in the first
stage. Nine of 22 patients in the first stage responded and 24
patients were registered in the second stage. A total of 198
cycles was administered to 46 patients. Thirty-nine patients
received 4 to 6 cycles of chemotherapy, except for 7 patients
who discontinued treatment in the first or second cyctes
because of disease progression in 5 patients and grade 2
pneumonitis with pulmonary infiltration in 2 patients. Ad-
verse effects and events are summarized in Table 2. Grade 3
anemia, leukopenia, neutropenia, and elevation of bilirubin
occurred in 4.0%, 0.5%, 1.0%, and 0.5%, respectively. There
were no grade 4 toxicities.

Twenty-one of 46 patients achieved partial response, 18
no change, 6 progressive disease, and 1 not evaluated, and the
overall response rate was 45.6% in phase II study. The
median duration of partial response was 154 days (range,
76-380 days). The median survival time was 355 days and
the 1-year survival rate was 47.8% (Table 3). The outcome in
70 patients including those from the phase [ study (5) dem-
onstrated that 1 patient achieved complete response, 34 PR,
and the overall response rate was 50.0%. The median survival
time was 36! days and the 1-year survival rate was 50.0%.

DISCUSSION

The objective response rate of 50.0% and l-year sur-
vival rate of 50.0% with our nonplatinum Pac and CPT

© 2007 Lippincott Williams & Wilkins

TABLE 1. Patient Characteristics
Characteristic Value
Total 46
Age (ycars)
Median 61
Range 43-69
Gender (no. patients)
Male 29
Female 17
Performance status (ECOG) (no. paticnts) )
0 12
1 34
Clinical stage (no. paticnts)
B 6
v 34
Postoperative recurrence 6
Histology (no. patients)
Adenocarcinoma 36
Others i0
No. metastatic organs (no. patients)
1 27
=2 13
Brain metastasis (no. paticnts) 8

TABLE 2. Adverse Effects and Events
NCI-CTC Grade (No. Cycles)

Toxicity o 1 2 3 4 % =Grade 3
Hemoglobin 29 137 24 8 0 40
Leukocyte 162 23 i2 t 0 0.5
Neutrophil 167 19 10 2 0 1.0
Platelets 188 10 0 0 0 —
Bilirubin 165 22 10 1 0 0.5
Creatinine T2 6 0 o 0 -
SGOT 146 51 1 0 0 —
SGPT 135 55 8 0 0 -
Infection 194 3 1 0 0 —
Nausea/vomiting 143 5t 4 0 0 ——
Diarrhea 165 3t 2 0 0 -
Myalgia 97 76 25 0 0 —
Arthralgia 110 64 24 0 0 —
Neuropathy 107 76 s 0 0 -
Fever 183 14 { 0 0 —
Allergic reaction 195 3 0 0 0 —
Alopecia 9s 79 24 0 0 —
Pneumonitis 196 0 2 0 0 —
Hypotension 193 5 0 0 0 —
Arrchythmia 194 4 0 0 0 —

NCI-CTC, National Cancer Institute-Common Toxicity Criteria (version 2).

regimen in 70 patients in phase I and phase II studies are
somewhat better than in a large phase 11 trial of 4 platinum-
based chemotherapy regimens, which showed response rates
of 17% to 22% and l-year survival rates of 31% to 34%.° The
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TABLE 3. Therapeutic Outcome in Phase If Study
Response

No. Patients

Completc response (]
Partial response 21
No change i8
Progressive disease 6
Not evaluated 1
Response rate (%) 45.6
Median survival time (days) 355
% of 1-year survivor 47.8

antitumor activity of the Pac and CPT combination is thought
to be attributable to a synergistic action between these drugs.
A possible mechanism of the synergy is a drug-drug interac-
tion, such as that shown in a pharmacokinetic study that
demonstrated elevation of the AUC of CPT and SN-38 by Pac
infusion.'® Although we acknowledge the possibility that Pac
and CPT might affect each other’s pharmacokinetics, increas-
ing their activity against NSCLC, we also considered that
another possible mechanism for this high activity of the Pac
and CPT combination might be related to influx and efflux in
the cell system. The combination of Pac and SN-38 down-
regulates the level of multidrug resistance-associated protein,
which may be an efflux pump for cisplatin, in ovarian cancer
cell lines, suggesting that this combination will overcome
drug resistance.!!

The combination of Pac and CPT also appears useful in
that little toxicity was observed in this study. No patients
experienced grade 4 toxicities. All patients, except the 5
patients who developed disease progression during treatment
and the 2 patients who experienced grade 2 pneumonitis with
pulmonary infiltration, were able to receive 4 to 6 cycles of
this therapy. The pneumonitis was thought to be attributable
to a booster effect of an allergic reaction when 180 mg/m? or
higher of Pac was combined with CPT in the phase I study,
but no patients experienced pneumonitis during cycles 2 to 6
of chemotherapy in this phase II study. Therefore, pneumo-
nitis was seen at a frequency similar to that in other combi-

360

nation chemotherapies. Neutropenia was mild because of the
prophylactic use of G-CSF in this study. We used G-CSF
when monocytopenia less than 150/uL appeared in the phase
I study,” and most patients received G-CSF for 5 days starting
on days 5, 6, or 7. Consequently, G-CSF was given routinely
for 5 days from day S to day 9 in every cycle in the present
study. This less toxic regimen may be helpful in the treatment
of high-risk patients, such as the elderly or those with poor
performance status or moderately severe complications.
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Abstract

Purpose We evaluated the tolerability and activity of
the combination of weekly paclitaxel (PTX) and gem-
citabine (GEM) in second-line treatment of advanced
non-small cell lung cancer (NSCLC) after treatment
with platinum-based chemotherapy.

Patients and methods PTX (100 mg/m?) and GEM
(1,000 mg/m?) were administered to patients with pre-
vious treated NSCL.C on days 1 and 8 every 3 weeks.
Results A total of 40 patients (performance status
0/1/2, 7/27/6 pts) were enrolled. The response rate was
32.5% (95% confidence interval: 18.0-47.0%). The
median survival time was 41.7 weeks (95% confidence
interval: 28.5-54.7 weeks). The median time to disease
progression was 19 weeks. Hematological toxicities
(grade 3 or 4) observed included neutropenia in 60%,
anemia in 15%, and thrombocytopenia in 12.5% of
patients. Non-hematological toxicities were mild, with
the exception of grade 3 diarrhea, pneumonitis, and
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rash in one patient each. There were no deaths due to
toxicity.

Conclusion The combination of weekly PTX and
GEM is a feasible, well-tolerated, and active means of
second-line treatment of advanced NSCLC.

Keywords Non-small cell lung cancer -
Second-line chemotherapy - Weekly chemotherapy *
Gemcitabine - Paclitaxel

Introduction

The clinical usefulness of second-line chemotherapy
has been established for cases of advanced non-small
cell lung cancer (NSCLC) in which tumor has recurred
or exhibits resistance to treatment after first-line che-
motherapy. The effectiveness of docetaxel, pemetr-
exed, and elrotinib for second-line chemotherapy for
NSCLC has been demonstrated in phase 1II clinical
studies {13, 23, 24]. Furthermore, paclitaxel (PTX) and
gemcitabine (GEM) have been shown to be effective
against NSCLC resistant to platinum preparations
[5, 16, 20]. There appears to be partial non-cross-resis-
tance between these drugs and platinum preparations.

In previous attempts at second-line chemotherapy
for NSCLC, the response rate was 0-38% for patients
treated with PTX alone at intervals of 3 weeks [12, 21,
25] and 8-37.5% for patients treated with low-dose
weekly PTX therapy (5, 16, 26, 28]. On the other hand,
the rate of response to uncombined GEM therapy was
6-21% [7, 11, 17, 20, 22].

In combined PTX and GEM therapy, the two drugs
exhibit interactions with each other but no overlap or
synergism of adverse reactions. When this combined
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regimen was applied to previously untreated patients
with NSCLC, the response rate was high, at 29-46% [1,
3,4, 8, 15, 18]. When a combination of PTX (adminis-
tered every 3 weeks) and GEM was used for second-
line chemotherapy, the response rate was either 18 or
39% [2, 14].

Weekly chemotherapy for lung cancer has recently
been attempted at several facilities [3, 9]. Favorable
results of weekly chemotherapy have also been
reported for recurrent NSCLC [5, 16, 26, 28]. Com-
pared to standard regimens of chemotherapy, with
administration of drugs at intervals of 3-4 weeks,
weekly chemotherapy has certain advantages. For
example, the single dose level of anti-cancer drugs can
be reduced with weekly chemotherapy, and the dose
level can be adjusted after the start of treatment
depending on signs of hematological toxicity of the
drugs or the general condition of individual patients. In
comparison with treatment at intervals of 3-4 weeks,
weekly chemotherapy was of equal efficacy but had
fewer side effects [3]. Weekly chemotherapy is thus a
promising means of treating cases of recurrent NSCLC
in which bone marrow function has been compromised
by first-line chemotherapy.

The present study was undertaken to evaluate the
effectiveness and safety of weekly chemotherapy using
a combination of PTX and GEM in cases of advanced
NSCLC in which tumor had recurred or relapsed after
platinum-based first-line chemotherapy or platinum-
based first-line chemotherapy had failed to exert
efficacy.

Patients and methods
Patient selection

Patients were required to have histologically or cyto-
logically confirmed non-resectable or metastatic
NSCLC that had progressed during or after one or
more chemotherapy regimens. The trial was initiated
after a rest period of at least 4 weeks following previ-
ous chemotherapy (2 weeks in the case of radiother-
apy). Patients were required to have recovered
completely from prior therapy, and to have no ongoing
toxicity greater than grade 1. Other eligibility criteria
were as follows: measurable lesions; life expectancy of
at least 12 weeks; Eastern Cooperative Oncology
Group (ECOG) performance status <2; adequate
bone marrow reserve (defined as absolute granulocyte
count > 2,000/ml and platelet count > 100,000/ml);
adequate hepatic and renal function (defined as serum
creatinine level <2 mg/dl, AST and ALT <1.5 times
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the upper limit of normal, and bilirubin < 1.5 mg/dl).
Exclusion criteria included pre-existing motor or sen-
sory neurological signs or symptoms > grade 2 (Com-
mon Terminology Criteria for Adverse Events version
3.0) and active infections. Asymptomatic treated or
untreated patients with brain metastases were not
excluded from the study. The Ethics Committee of the
Tochigi Cancer Center approved the study protocols.
Written informed consent was obtained from every
patient stating that the patient was aware of the investi-
gational nature of this treatment regimen.

Treatment

Paclitaxel was administered at a dose of 100 mg/m?
intravenously during a 1-h infusion on days 1 and 8 of
the treatment cyclé. Gemcitabine was administered at
a dose of 1,000 mg/m? intravenously during a 30-min
infusion on days 1 and 8 of the treatment cycle. Prior to
each treatment, patients were given diphenhydramine
50 mg orally, and an H2 blocker intravenously along
with dexamethasone 16 mg 30 min before PTX admin-
istration. Granisetron 3 mg was administered intrave-
nously as an antiemetic. The length of each
chemotherapy cycle was 21 days. Patients who experi-
enced grade 4 leukopenia or neutropenia that lasted
for 3 or more days, or who experienced grade 4 throm-
bocytopenia or reversible grade 2 neurotoxicity or liver
dysfunction, received reduced doses of both PTX and
GEM (PTX 80 mg/m?, GEM 800 mg/m?) for the next
cycle. If non-hematological toxicities of grade 3 or
higher occurred, treatment was stopped. Subsequent
courses of chemotherapy were started after 3 weeks
when the leukocyte count was 3,000/mm? or more, the
neutrophil count was 1,500/mm?> or more, the platelet
count was 75,000/mm? or more, serum creatinine were
less than 1.5 mg/dl, GOT and GPT were less than twice
the upper limit of the normal range, and neurotoxicity
was grade 1 or less. If these variables did not return to
adequate levels by the first day of the next course of
chemotherapy, treatment was withheld until full recov-
ery. If more than 6 weeks passed from the time of the
last treatment before these criteria were met or if
change in treatment more significant than reduction of
dose was indicated, the patient was removed from the
study at that time, but still included in the analysis of its
results.

Evaluation of responses and toxicity
Pretreatment evaluation included medical history,

physical examination, complete blood count, bone
marrow examination, serum biochemical analyses,
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chest roentgenogram, electrocardiogram, and urinaly-
sis. All patients underwent radionuclide bone scan,
magnetic resonance or computerized tomography (CT)
of the brain, and CT of the thorax and abdomen. Com-
plete blood count, biochemical tests, serum electro-
lytes, urinalysis, and chest roentgenograms were
obtained before patients received chemotherapy.

Responses and toxicity were evaluated on the basis
of tumor images obtained by CT and other techniques,
laboratory data, and subjective/objective symptoms
and signs before, during, and after administration of
the study drugs and during the period from comple-
tion of treatment to final analysis. Measurable disease
parameters were determined every 4 weeks by various
means such as computerized tomography. Evaluation
was performed in compliance with the Response Eval-
uation Criteria in Solid Tumors (RECIST) Guidelines
for antitumor activity and with Common Terminology
Criteria for Adverse Events version 3.0 for safety.
Patients were withdrawn from the study if evidence of
tumor progression was obtained. The Institutional
Ethical Review Committee gave approval to the
study.

The primary endpoint of the study was the response
rate. Simon’s two-stage optimum design was used to
determine sample size and decision criteria. It was
assumed that a response rate of 30% among eligible
patients would indicate potential usefulness while a
rate of 10% would be the lower limit of interest, with
o =0.05 and B =0.10. Using these design parameters,
the fist stage of the study was initially to enroll 18
patients, and this regimen was to be rejected if fewer
than two patients had an objective response. If two or
more patients responded, accrual was to be continued
to 36 patients. Considering the percentage of probable
dropout cases, 40 patients were required. Secondary
endpoints were toxicity and overall survival. Response
and survival rates were both calculated on an intent-to-
treat basis. Overall survival and time to progression
were measured from the start of this treatment up to
the time of death or up to the date of the last follow-up
clinical assessment. Survival curves were constructed
using the Kaplan-Meier method.

Results

Patient characteristics

Forty patients were enrolled in this study from October
2000 to July 2003. All patients were assessable for tox-

icity, response, and survival. Characteristics of the 40
patients are listed in Table 1. All 40 patients had
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Fig. 1 Kaplan-Meier estimated overall survival curves. Median
survival time, 41.7 weeks; 1-year survival rate, 38%

received a prior platinum-based chemotherapy regi-
men (Table 1). Two of these patients had received
more than one chemotherapy regimen. All 40 patients
were eligible for toxicity assessment. Four patients had
received prior chemotherapy in the neoadjuvant set-
ting. Of the 40 patients, 15 had initially responded to
platinum-based therapy, 24 patients had achieved sta-
ble disease (SD), and one had progressive disease
(PD).

Efficacy of treatment

The mean number of cycles administered per patient
was 4, and number of cycles ranged from one to twelve.
Three patients required reduction of dose due to neu-
tropenia and thrombocytopenia. Thirteen patients
exhibited partial response (PR). Overall response rate
was 32.5% (13/40) [95% confidence interval (CI): 18-
47%]. SD was achieved in 26 patients (65%), and one
(2%) achieved PD. All 40 patients were included in the’
survival analysis, with a median follow-up time of
82.9 weeks (range 56-263 weeks). The overall median
survival time was 41.7weeks (95% Cl: 28.5-
54.7 weeks). The 1-year survival rate was 37.5% (15/
40) (Fig. 1). The median time to disease progression
was 19 weeks.

Toxicities (Table 2)

Table 2 lists toxicities observed during this study.
Hematological toxicities included high incidences of
leukopenia and neutropenia, with leukopenia and
neutropenia of grade 3 or higher occurring in 45 and
60% of patients, respectively. Anemia and thrombocy-
topenia of grade 3 or higher occurred in 15 and 12.5%
of patients, respectively. Non-hematological toxicities
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Table 1 Patient characteristics

Eligible patients 40
Gender

Male 27
Female 13
Age (years)

Median 59
Range 33-75
Performance status

0 7

1 27
2 v 6
Histology

Adenocarcinoma 30
Squamous cell 8
Large cell 2
Stage 111 10
Stage IV 30
Number of metastatic sites

Median 2
Range 0-3
Location of metastases

Bone ‘ 13
Lung nodules 12
Brain 10
Lymph nodes 7.
Liver 5
Adrenals 3
Subcutaneous 1
Prior surgery 4
Prior irradiation 15
Lung only 9
Brain only 4
Lung and bone 2
Prior chemotherapy 40
Cisplatin/vinorelbine 32
Cisplatin/docetaxel 5
Cisplatin/irinotecan C
Response to prior chemotherapy

Partial response 15
Stable disease 24

—

Progressive disease

observed included grade 3 pneumonitis in one patient,
who exhibited rapid recovery following administration
of steroids, grade 3 diarrhea in one, and grade 3 rash in
one. Other non-hematological toxicities observed were
of grade 2 or less and included nausea in 47.5%, vomit-
ing in 20%, alopecia in 45%, sensory neuropathy in
35%, and fatigue in 32.5% of patients. All of these tox-
icities disappeared or were improved by symptomatic
treatment. There were no deaths due to toxicity.

Discussion
Although a standard regimen of chemotherapy for recur-

rent NSCLC is being established, it is still important to
determine how the outcome of treatment of this cancer
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can be improved [13, 23, 24]. At this point, the results
of large-scale phase III clinical trials indicate single-
agent ‘chemotherapy with docetaxel, erlotinib, or
pemetrexed as the standard chemotherapy regimen for
recurrent NSCLC. In recent years, however, many
reports have been published investigating two-drug
combined therapy rather than single-agent therapy for
recurrent NSCLC, with the objective of further
improving therapeutic outcomes [2, 5, 7, 11-14, 20-26,
28].

A large number of reports have been published con-
cerning salvage chemotherapy for recurrent NSCLC.
Platinum-based chemotherapy is now used as the first-
line chemotherapy at most medical facilities. Reports
on second-line chemotherapy for NSCLC published to
date have principally concerned uncombined drug
therapy or two-drug combined therapy using non-plati-
num preparations {2, 5, 7, 11, 12, 14, 16, 17, 20-22, 25,
26, 28]. At several facilities, weekly administration che-
motherapy has been adopted [5, 16, 26, 28]. Weekly-
administration chemotherapy allows single dose levels
to be reduced, thus making it possible to adjust the
dose levels of anti-cancer agents after the start of treat-
ment depending on adverse reactions or the general
condition of individual patients.

Table 3 summarizes the results of two-drug com-
bined therapy for recurrent NSCLC using non-plati-
num preparations [2, 6, 9, 10, 14, 19, 27]. The studies
shown in this table were phase I-1I in the case of that
reported by Iaffaioli {14], phase III in that by Fossella
[9], and phase II in the other studies. The overall
response rate varied widely among studies, from 0.8 to
39%. The overall median survival time was 24-

- 47 weeks and the one-year survival rate was 19-46%.

Major adverse reactions observed in these studies were
signs of hematological toxicity (particularly neutrope-
nia), excluding the studies involving prophylactic G-
CSF treatment reported by Androulakis [2] and Wach-
ters [27]. Signs of non-hematological toxicity varied
depending on the drugs used, and symptoms and signs
unique to each drug were noted.

For combined PTX and GEM therapy for recurrent
NSCLC, Androulakis [2] reported an overall response
rate of 18%, an overall median survival time of
47 weeks, and a median time to disease progression of
34 weeks. Compared to the present study, the overall
response rate reported by Androulakis was lower,
while the overall median survival time and median
time to disease progression were more favorable in the
study by Androulakis. The dosing regimen used by
Androulakis involved administration of PTX (175 mg/
m?% day 8), GEM (900 mg/m% days 1 and 8), and
granulocyte colony-stimulating factor (G-CSF; days
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Table 2 Maximum toxicity
over 152 cycles (40 patients)

CTCAE v 3.0 grade (number of patients)

Grade 3 < (%)

0 1 2 3 4
Leukopenia 7 4 11 15 3 18 (45)
Neutropenia 6 5 5 17 7 24 (60)
Febrile neutropenia - - - 2 - 2(5)
Anemia 4 8 22 5 1 6 (1S)
Thrombocytopenia 9 21 5 3 2 5(12.5)
Pneumonitis .36 1 0 1 0 1(2.5)
Diarrhea 27 9 3 1 0 1(2.5)
Rash 22 15 2 1 0 1(2.5)
Nausea 21 19 0 0 0
Vomiting 32 3 5 0 0
Fatigue 27 11 2 0 0
Alopecia 22 17 1 0 0
CTCAE v 3.0 Common termi-  Neuropathy-sensory 26 14 0 0 0
nology criteria for adverse Edema 32 8 0 0 0
events version 3.0 Arthralgia 33 7 0 0 0
Table 3 Non-platinum regimens used as second-line treatment of non-small cell lung cancer
First author No. of Regimen and schedule Response Survival
(Ref.) patients rate (%) -
Median (weeks) 1-year (%)
Androulakis [2] 49 P 175 mg/m? d8q3w 18 47 37
G 900 mg/m? d1,8q3w
G-CSF 150 pg/m? d9-15
Taffaioli [14] 37 P 90-240 mg/m? d1g3w 39 40 46
G 1,000 mg/m? d1,8q3w
Fossella [9] 123 FO 2 g/m*fday d1-3q3w 0.8 24 19
\Y 30 mg/m? d18,15q3w
Kosmas [19} 43 D 100 mg/m? d8q3w 33 36 28
G 1,000 mg/m? d1,8q3w
Cao [6] 33 CPT11 300 mg/m? d1qdw 9 25 23
\ 30 mg/m? d 1,14 q 4w
Georgoulias {10} 76 CPT11 300 mg/m? d8q3w 18.4 38 245
G 1,000 mg/m? d1,8q3w
Wachters {27] 52 CPT11 200 mg/m> d1q3w 10 27 30
D 60 mg/m? d1q3w
G-CSF 150 pg/m? d2-12
Present study 40 P 100 mg/m?® di18q3w 325 42 38
G 1,000 mg/m? d1,8q3w

P paclitaxel, G gem citabine, FO infostamide, V vinorebine, D docetaxel, CPT-11 irinotecan, G-CSF granulocyte colony-stimurating

factor, d day, g every

9-15), with each cycle of treatment lasting for 3 weeks.
Because their regimen involved prophylactic adminis-
tration of G-CSF, the incidence of grade 3 or worse
neutropenia was lower than that in the present study
(12 vs. 60%). However, the incidence of grade 2 or
worse fatigue (a sign of non-hematological toxicity)
was lower in the present study (4%) than in that
reported by Androulakis (51%).

Belani [19] reported the results obtained with com-
bined use of PTX and GEM as first-line chemotherapy

for NSCLC. In their study, PTX was administered using
two regimens and a comparison was made between
treatment with PTX on day 1 (200 mg/m?) and weekly
treatment with PTX on days 1 and 8 (100 mg/m?®/dose;
identical to the regimen used in the present study).
According to their report, the response rate was 45%
for the first regimen and 46% for the second regimen,
the median survival time was 42 and 39 weeks and the
1-year survival rate 46 and 41% for the first and second
regimens, respectively. Efficacy thus did not differ
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significantly between the two regimens. Signs of hema-
tological toxicity were the major adverse reactions
observed following treatment with both regimens. The
incidences of neutropenia and alopecia were lower with
the weekly regimen. On the basis of these results,
Belani concluded that weekly PTX treatment combined
with GEM is also useful as first-line chemotherapy for
NSCLC.

In conclusion, weekly chemotherapy with PTX
and GEM is a tolerable and active regimen for
patients with advanced NSCLC previously treated
with platinum-containing chemotherapy regimens. It
should be recommended as a candidate regimen in
planning a phase III clinical study of NSCLC previ-
ously treated with platinum-containing chemother-
apy, and will ultimately be evaluated in a phase III
clinical study.
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