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Prognostic Factors in Stage | Lung Cancer

TABLE 2. Multivariate Regression Analysis of Variables in
Predicting Overall Survival

Assigned Hazards

Variable Score  Ratio 95% CI P Value
Lymphatic invasion 0488 0.094-2.549  0.400
Negative 0
Positive 1
Vessel invasion 0.493 0.098-2.473 0.390
Negative 0
Positive 1
Bronchioalveolar L062 0.102-11.053 0.960
carcinoma
yes 0
no 1
. Combination of gene 0.087 0.009-0.801 0.031
expression
Positive 0-1 0
Positive 24 1

By multivariate analysis controlling for each gene expression,
no gene expression was an independent marker of poor
prognosis. When we examined whether the number of posi-
tive gene expression in the tumnors influence the prognosis,
the overall survival of complex gene expression (2 or more
gene-positive) group {(n = 35) was significantly worse than
that of the 0 or 1 gene-positive group (n = 37; log-rank test,
P = 0.0011; Wilcoxon test, P = 0.0011, Fig. 1 and Table ).
When the association between survival and pathologic fac-
tors, including lymphatic invasion, venous invasion, type of
bronchioalveolar carcinoma, and complex gene expression
was analyzed, only complex gene expression was found to be
a significant independent factor (hazard ratio = 0.085, P =
0.0299, Table 2). It can be concluded that multiple but not
single increased expression oncogene is a poor prognostic
factor in patients with small adenocarcinoma of the lung,

DISCUSSION

Changes in gene expression are at the basis of many
crucial physiological and pathologic processes. Tumorigene-
sis involves a loss of balance between regulators of cell
proliferation and apoptosis. A previous study showed positive
expression of survivin was a poor prognostic factor in small
adenocarcinomas <2 cm in diameter.!' However, the present
study showed that not only survivin but also cyclin D1 and
integrin 81 were poor prognostic factors. The present study
demonstrated that 49%, 64%, 8%, and 22% of resected
tumors <2 cm in diameter of pathologic stage I showed
positive expression of survivin, cyclin D1, integrin 81, and
VEGF, respectively. Only 9 patients (12.5%) had no expres-
sion of every 4 genes in resected small adenocarcinoma but
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many others had single or multiple gene expression in this
study. This fact may explain that small adenocarcinoma <2
¢m in diameter of pathologic stage 1 is in a transition from
carly to advanced stage. After all, multiple regression analy-
sis demonstrated that no gene expression was an independent
marker of poor prognosis, but complex gene expression show
poor prognosis in small adenocarcinoma of the lung.

Lung cancer has a high potential of distant metastasis,
and induction therapy followed by surgery and/or radiother-
apy has become standard therapy for stage III disease.!?
Several gene expression analyzed in the present study is an
important predictive factor for recurrence after curative re-
section in early stage lung cancer. The information obtained
by this analysis is a powerful prognostic discriminator for
patients with stage I disease and may be useful for decisions
concerning which patients should and should not receive
systemic treatment in addition to surgical resection. Further-
more, new strategies may be also considered with reference
to multiple oncogene expression to improve treatment of
locally advanced NSCLC. Targeted chemotherapy against
positive expressed gene, such as using monoclonal antibod-
ies, may be an ideal approach to treating multiple oncogene
expressed tumors. When adjuvant chemotherapy after surgi-
cal resection is considered, not only single target therapy but
also multitarget therapy such as combination of antiapoptotic,

-anticell cycle, antiadhesion and others, should be required,

because multiple gene expressions in resected tumor is a poor
prognostic factor presented in this study.

Lung cancer appears as small nodules in the peripheral
part of the lung, and pathologic or cytologic diagnosis is
essential. Patients suspected of having lung cancer often
undergo fiberscopic examination, with a tumer biopsy exam-
ination or a cytologic approach. When a lesion is inaccessible
to bronchoscopic biopsy, or when the biopsy specimen is
nondiagnostic, a diagnosis of cancer may be possible by
cytologic examination of bronchoalveolar lavage fluid -
(BALF). In a previous report, we demonstrated that detection
of the K-ras mutation in BALF cells, by PCR-PIREMA, aids
the diagnosis of lung cancer in patients with small pulmonary
lesions with negative cytologic findings.!* BALF from pa-
tients with small adenocarcinoma may contain survivin, cy-
clinD1, integrin B1, and VEGF, and it is possible that the
gene expressions can be detected as a diagnostic marker.

In conclusion, multiple but not single oncogene expres-
sions in tumor cells is a poor prognostic factor in patients
with small adenocarcinoma of the lung. Detection of the gene
expressions appears to be not only a useful diagnostic marker
but also a potential new target for anticancer therapy for early
stage NSCLC.
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TABLE 1. Characteristics of Gene Expression and Overall
Survival*

P Value

No. of Patients Log-rank Wilcoxon

Survivin Negative 37 0.014 0.014
Positive 35
Cyclin D1 Negative 26 0.049 0.052
Positive 46
Integrin B1 Negative 66 0.021 0.0t
Positive 6
VEGF Negative 46 0.68 0.65
Positive 26
Combination 0-1 37 0.0011 0.0011
2-4 35

*Combination; survivin, cyclin D1, integrin 81, and VEGF were in-
cluded.

Thirty-seven patients had tumor with positive expression of 0 or 1 gene
and 35 patients had tumor with positive expression of 2 to 4 genes.

In an attempt to better understand tumor progression in
NSCLC, expression of survivin, cyclin D1, integrin B1, and
vascular endothelial growth factor (VEGF), which have dif-
ferent mechanisms in tumor progression, were investigated
prognosis in adenocarcinoma <2 ¢m in diameater of stage I in
the present study.

PATIENTS AND METHODS

Patients with lung adenocarcinoma <2 cm in diameter
of pathologic stage I, resected between January 1992 and
December 1999, were enrolled in the present study.

The tumor specimens obtained by resection were sub-
Jected to immunostaining for survivin, cyclin D1, integrin 81,
and VEGF. Formalin-fixed, paraffin-embedded, 5-im-thick
tumor sections were mounted on charged glass slides, depar-
affinized and rehydrated in a graded alcohol series. Immuno-
histochemical staining was performed using an automated
processor. Details of immunostaining were shown in previous
reports.®~!! Each factors immunostaining levels were classi-
fied as positive (>10% of cells stained for survivin, integrin
B1, and VEGF, and >20% of cells stained for cyclin D1) or
negative (=10% of cells stained for survivin, integrin 81, and
VEGF, and =20% of cells stained for cyclin D1).

Two pathologists examined the staining patterns of
each factor independently, and recorded the percentage of
positive cells in each specimen. At least 20 high-power fields
were chosen randomly and 2000 cells were counted. The ratio
of each gene-positive cell was calculated by dividing the
number of positive cells by the total number of cells, and was
expressed as a percentage.
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Kaplan-Meier survival curves were constructed and
analyzed for statistical significance by means of the log-rank
and generalized Wilcoxon tests. The influence of each vari-
able on survival was examined by the Cox proportional hazards
model in multivariate regression analyses. Differences at P <
0.05 were considered to be statistically significant,

RESULTS

Seventy-two patients with resected tumors <2 cm in
diameter of pathologic stage I were entered into the study,
There were 29 males and 43 fernales, with a median age of 64
years (range 26—83 years), Each patient underwent curative
surgical resection for lung cancer between July 1992 and
November 1999. The resected tumors were subjected to immu-
nostaining for each gene. Thirty-five, 26, 6, and 16 patients had
tumors with >10% survivin-, >20% cyclin D1-, >10% integrin
B1-, and >10% VEGF-positive cells, respectively.

When the survival of 72 patients was compared accord-
ing to each gene expression, the overall survival of patients
with positive expression of survivin, cyclin D1, and integrin
B1 was significantly worse than that of individuals whose
turnors had negative expression of each gene (Table 1}. We
analyzed how many of the 4 genes expressed positively in
each resected tumor, 9, 28, 24, and 11 patients had tumors
with positive expression of 0, 1, 2, and 3 genes, respectively.
There were no patients with tumor expressed every 4 genes.

11 Fraarmn, 1
1 "-:-_ Group A
B Yeu (n=37)
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Survival time after surgery

FIGURE 1. Survival curves according to gene immunostaining,
constructed using the Kaplan-Meier method. Survival after
surgery of patients with 2 or more positive expression of genes
in tumor was worse than that of those with 0 or 1-positive
expression of gene in tumor (log-rank P = 0.0011, Wilcoxon
P =0.0011).

© 2004 Lippincott Williams & Wilkins



15.

17

. Obara N, Imzgawa S, Nakano Y et al. Hematwlogical aspects of

a novel 9-aminoanthracycline, amrubicin. Cancer Sci 2003; 9%4:
1104-1106.

. Noda T, Watanabe T, Kohda A et al. Chronic effect of a novel syn-

thetic anthracycline derivative (SM-5887) on normal beart and doxo-
rubicin-induced cardiomyopathy in beagle dogs. Invest New Drugs
1998; 16: 121-128.

Yana T, Negoro 8, Takada Y et al. Phase II study of amrubicin
(SM-5887), a 9-amino-anthracycline, in previously untreated patients
with extensive stage small-cel]l lang cancer (ES-SCLC): a2 West Japan
Lung Cancer Group trial. Proc Am Soc Clin Oncol 1998; 17: 450a.

. Stakel RA, Ginsberg R, Havemann K et al. Staging and progmostic

factors in small cell lung cancer: a consensus report. Lung Cancer
1989, 5: 119-126.
Therasse P, Arbuck $G, Eisenhaner EA et al. New guidelines to
evaluate the response to treatment in solid tumors. J Natl Cancer Inst
200; 92: 205-216.

214

18.

19.

21

22.

23

Page 7 of 7

Kaplan EL, Meier P. Nenparametric estimation from incomplete
observations. J Am Stat Assoc 1958; 53: 457-481.

Grant SC, Gralla RJ, Kris MG et al. Single-agent chemotherapy trials
in small-cell hang cencer, 1970 to 1990: The case for studies in pre-
viously treated patients. J Clin Oncol 1992; 10: 484454,

. Blackstein M, Eisenhaner EA, Weirzbicki R et al. Epirubicin in exten-

sive small-cell lung cancer; A phase II study in previously untreated
patients: A National Cancer Institnte of Canada Clinical Trials Group
smdy. J Clin Oncol 1990; 8: 385-389.

Eckhard: 8, Kolaric K, Vukas D et al. Phase II study of 4'-epi-doxoru-
bicin in patients with untreated, extensive smatl cell hing cancer. Med
Oncol Tumor Pharmacother 1990; 7: 19-23.

Masuda N, Matsui K, Negoro S et al. Combination of irinotecan and
etoposide for treatment of refractory eor relapsed small-cell lung
cancer. J Clin Oncol 1998; 16: 3329-3334,

Ohe Y, Saijo N. Results of recent Japanese clinical trials in ung -«
cancer. Clin Lung Cancer 2002; 3: 243-248,



Page 6of 7

assess the efficacy and safety of the drogs delivered at their RD
in chemonaive ED-SCLC, and to examine pharmacokinetics.

The topoisomerase 1 inhibitor, irinotecan, is also very effec-
tive for SCLC [6]. Combinations of topoisomerase I and
topoisomerase 11 inhibitors, such as irinotecan plus etoposide,
have been reported as active combination chemotherapy for
SCLC [22]. Thus, combination of irinotecan and amrubicin is
another candidate for new combination chemotherapy for
SCLC. A phase I study of irinotecan and amrubicin for chemo-
paive non-SCLC was performed in National Cancer Center
Hospital (unpublished data). However, the MTD was less than
irinotecan 60mg/m* on days 1 and 8 and amrubicin 35 mg/m?
on days 2-4, due to relatively severe myelotoxicity. We con-
sidered that amrubicin <35 mg/m? on days 2--4 with irinotecan
60 mg/m? on days 1 and 8 was insufficient to treat SCLC.

In this study, we determined the RD to be amrubicin
40 mg/m? on days 1-3 and cisplatin 60 mg/m? on day 1 every
3 wecks, and 41 patients were treated a1 the RD. Main toxici-
ties of this combination chemotherapy were myelosuppression,
especially leukopenia and neutropenia, and gastrointestinal
toxicities including anorexia, nausea, vomiling, constipation,
diarrhea, stomatitis and gastric ulcer. Of 41 patients, 32 (78%)
patients received four or more courses of chemotherapy, and
22 (54%) patients completed four courses of chemotherapy
without dose modification. One patient developed myocardial
infarction; however, other cardiac toxicity, including decrease
in left ventricle ejection fraction, was not observed in up to
six courses of chemotherapy. The total dose of amrubicin was
720mg/m®. Grade 3 or 4 hyponatremia occurred in nine
(22%) patients; however, most of the patients were asympto-
matic. No unexpected toxicities and no treatment-related
deaths were observed in this study. Toxicities observed in this
study were manageable.

Four CRs and 32 PRs occurred, for an objective response
rate of 87.8% (95% Cl 73.8% to 95.9%) in 41 patients treated
at the RD. In most patients, ProGRP levels changed in paralle]
with tumor responses. The MST of the 41 patients was 13.6
months, and the 1-year survival rate was 56.1%. These results
were better than recently reported results for irinotecan and
cisplatin in chemonaive ED-SCLC: an objective response rate
of 84% and MST of 12.8 months [6). The combination of
amrubicin and cisplatin has demonstraled an impressive
response rate and MST in patients with previously untreated
ED-SCLC. A possible reason for the better results is overse-
lection of patients, becanse we used unusual exclusion criteria
such as non-steroidal anti-inflammatory drug or adrenal corti-
cal steroid use for »>50 days, and gastric and/or duodenal
nicer. However, in a phase II study, this kind of bias is not
uncommon.

Combination chemotherapy with etoposide plus cisplatin or
etoposide plus cisplatin, altemating with cyclophosphamide,
doxorubicin and vincristine, had been considered as standard
chemotherapy for SCLC in North America and Japan. A Japa-
nese phase Il trial (JCOG 9511) demonstrated that treatment
with four eycles of irinotecan plus cisplatin every 4 weeks
vielded a highly significant improvement in survival in
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ED-SCLC patients over standard etoposide plus cisplatin, with
less myelosuppression [6]. Based on the results of the JCOG
9511 trial, irinotecan ples cisplatin is considered to be the
reference chemotherapy arm for ED-SCLC in future trials in
lapan [23]. The JCOG are preparing a phase III clinical trial
of amrubicin and cisplatin for previously untreated ED-SCLC
to compare combination therapy of irinotecan with cisplatin.
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Table 7. Texicity in patients treated at the recommended dose (n=41)

n CR PR SD PD NE Responserate (%)
(95% CI}
All 44 4 3 3 88.6 (75.4-96.2)
Treated 41 4 32 3 87.8 (73.8-95.9)
at RD

CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; NE, not evaluated; 95% Cl, 95% confidence
interval; RD, recommended dose.

100 MST: 13.6 months {95%C], 13,1 o 16.6)
90 - 1-year survival rate; 56.1% [95%C), 40.9 10 T1.3]

80
70 -t
60 <
50 ~
40
30 -
20
10

D~

1 ] L) ] 1 1
0 6 12 18 24 30 36

Patients at risk Survival time (months)

a1 38 23 10 4 1
Figure 1. Overall survival of patients with exiensive-stage small-celi lung
cancer who were treated with amrubicin and cisplatin at the recommended

dose. MST, medisn survival time; 95% CI, 95% confidence interval.

Survival rate (%)

Toxicity in patients treated at the RD

The worst grades of hematological and non-hematological
toxicities experienced by each patient are listed in Table 7.
Hematological toxicity, especially lenkopenia and neutropenia,
was common and relatively severe. Grade 3 or worse leukope-
nia and neutropenia occurred in 65.9% and 95.1% of patients,
respectively. Febrile neutropenia was observed in two patients
at level 2, Grade 3 or worse anemia and thrombocytopenia
occurred in 53.7% and 24.4% of patients, respectively. Four
patients received platelet transfusions. Common non-hemato-
logical toxicities were gastrointestinal toxicity, such as anor-
exia, nausea, vomiting, constipation, diarrhea and stomatitis.
Gastric ulcers developed in three patients. Hepatic and renal
toxicity were not common in this study. Grade 3 or worse
hyponatremia and hypokalemia occurred in 22% and 9.8% of
patients, respectively. Ome patient developed myocardial
infarction; however, cardiac toxicity was not common. No
treatment-related deaths were observed.

Discussion

Doxorubicin and epirobicin are classified as active agents for
SCLC, for which single-ggent activity is a »>20% response rate
{19]. Doxorubicin has been used as a constituent of combi-
pation therapy for SCLC in the CAV (cyclophospamide,
doxorubicin and vincristine) and CAP (cyclophosphamide,
doxorsbicin and cisplatin) regimens. Epirubicin has shown

Grade (NCI CTC) Grade 3/4 (%)
0 1 2 3 4
Leukopenia 1 o 13 20 7 659
Neutropenia 6 1 7 32 951
Febrile nentropenia = 41 - - o ¢ 6.0
Hemoglobin 1 g8 10 17 5 537
Thrombocytopenia 9 14 8 10 0 244
Stomatitis 2 13 5 1 0 24
Anorexia 1 14 13 13 0 317
Nausca 3 15 14 9 0 220
Vomiting 20 8 1 2 o 49
Constipation 26 1 13 3 0 7.3
Diarrhea 26 12 1 2 0 49 -
Gastric alcer 38 0 1 2 0 49
Bilirabin 2% 12 4 1 v} 24
Hyponatremia 18 14 - 7 2 220
Hypokalemia 31 6 - 4 0 9.8
Hyperkalemia 33 3 4 1 0 24
Hypocalcemia 31 5 4 0 1 2.4

NCI CTC, National Cancer Institute Common Toxicity Criteria.

50% and 48% response rates in two clinical studies in 41 and
80 previously untreated patients, respectively, with ED-SCLC
{20, 21]. However, currently, combination modalities contain-
ing doxorubicin or epirubicin are not being used in the therapy
of SCLC, in preference to combination therapy with cisplatin
and etoposide. Since amrubicin has shown excellent single-
agent activity [15], it can be expected 10 be superior to other
anthracyclines in the treatment of SCLC. Additionally, the
present results of combination therapy with cisplatin support
the view that amrubicin may be a promising agent that over-
comes the therapeutic platean of SCLC.

Amrubicin is one of the most promising new agents for the
treatment of SCLC. In a previous phase Il study of amrubicin
45mg/m” on days 1-3 every 3 weeks as a monotherapy for
chemonaive ED-SCLC, a 76% overall response rate and 11.7
month MST were observed [15). The overall response rate and
MST were comparable to those achieved with standard combi-
nation chemotherapy, such as etoposide plus cisplatin [5, 6].
Moreover, only a few patients treated in the phase II stdy
received salvage chemotherapy consisting of cisplatin and eto-
poside [15]. The major toxicity of amrubicin as a monotherapy
was hematological toxicity: grade 4 leukopenia and neutrope-
nia were seen in 12.1% and 39.4% of patients, respectively,
and thrombocytopenia and anemia of grade 3 or wome in
21.2%. Hepatic, renal and cardiac toxicities with amrubicin
were not comnmon. Cisplatin is a key drug for the treatment of
SCLC and its hematological toxicity, such as leukopenia and
neutropenia, is not severe. Thus, we conducted a phase I-11
study of amrubicin and cisplatin treatment for chemonaive ED-
SCLC 1o determine the MTD of this combination therapy, to
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Table 2. Toxicities during the first course in the phase I study

Level 1 (n=4) Level 2 (n=3)
Amrubicin 40 mg/m” days 1-3 45 mg/m* days 1-3
Cisplatin 60 mg/m? day 1 60mg/m® day 1

Grade (NCI CTC) Grade (NCI CTC)

0 1 2 3 4 0 1 2 3 4
Leukopenia 0 1 1 2 0 ¢ 4] I 1 1
Neutropenia 0 4] 0 2 2 H 0 0 0 3
Febrile nentropenia 4 - - H 0 1 - - 2 0
Hemoglobin 1 1 2 0 0 2 1 4] 0 0
Thrombocytepenia 1 2 0 1 o [y} 2 0 1 4
Stomatitis 3 0 1 0 0 3 0 0 0 o
Nausea 1 1 2 (v} - 1 1 0 17 -
Consiipation 3 0 1 0 0 1 0 1 1 0
Hyponatremia 2 1 0 ] 1 1 2 0 0 0
Hypocalcemia 3 0 1 0 4} 3 0 0 0 0

Dose limiting toxicity at level 2: febrile neutropenia, two patients; grade 4 neutropenia 24 days, one patient; grade 3 constipation, one patient.

NCI CTC, National Cancer Institate Common Toxicity Criteria.

Table 3. Pharmacokinetics of amrubicin in plasma

Dose n Day Tine ) Tiza (b) Va(D CL (V1) AUCy_ 243 (ng himl)
40mg/m* 4 1 0112004 2292031 4662110 1362138 2995434

4 3 0.08+0.01 2894034 5002106 116219 35112514
45 g/’ 3 1 0.132 (.05 2392034 56.3210.6 149218 3052+ 402

3 3 0.092 .03 2272018 51.9x37 142123 32172479

T30, half-life at distribution phase; T,,p, half-life at elimination phase;V,, volume of distribution; CL, clearance; AUC, area under the concenttation—

time curve.

courses of chemotherapy, and 10 (31%) of these 32 patients
needed dose reduction of ammubicin at the fourth course
(Table 5), Of 41 patients, 22 (54%) patients completed four
courses of chemotherapy without dose modification. The main
cause of dose reduction was myelosuppression, especially leu-

kopenia and neutropenia.

Objective tumor response and overall survival

The objective tumor responses are given in Table 6. Four CRs
and 32 PRs occurred, for an objective response rate of 87.8%
[95% confidence interval (CI) 73.8% to 95.9%] in 41 patients
treated at the RD. The objective response rate for all 44
patients was 88.6% (95% CI 75.4% to 96.2%). The overall
survival times of the 41 patients treated at the RD are shown
in Figure 1. The MST of the 41 patients was 13.6 months
(95% CI 11.1-16.6), with a median follow-up time for eight
censored patients of 16.4 momths (95% CI 14.2-18.8). The
1- and 2-year survival rates were 56.1% and 17.6%, respect-
ively. The MST of 21l 44 patients was 13.8 months (95% CI
11.1-16.6). The 1- and 2-year survival rates of all 44 patients
were 56.8% and 21.4%, respectively.

Table 4. Pharmacokinetics of amrubicinol in red blood cells

Dose n Day T (&) AUCy_z24p (ng-W/ml)
40mg/m? 4 1 21.023.1 14124314

4 3 20.724.8 21594622
45mg/m® 3 1 19.626.1 10982277

3 3 181257 2027332

Tip, elimination half-life; AUC, area under the concentration—time curve.

Table 5. Treatment received in patients treated at the recommended dose

Cycle = Amrubicin (mg/m?) Cisplatin (mg/m®)
2 35 30 & 45

1 a1 a1 n

2 36 30 6 36

3 3 26 5 2 33

4 2 22 8 2 32

5 18 5 4 18

6 13 3 4 12 1
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and/or unequivocal progression of existing non-target lesions and/or
appearance of new lesions. The evaluation of objective tumor response for
all patients was performed by an external review committee.

Toxicity grading criteria of the National Cancer Institute Comsnon
Toxicity Criteria (version 2.0} was used for evaluation of toxicity.

Statistical analysis

This study was designed to reject response rates of 70% (PD) at a signifi-
cance level of 0.05 (one-tailed) with a statistical power of 80% 1o assess
the activity of the regimen as a 85% response rate (P1) at the rec-
ommended dose. The upper Limit of rejection was 29 responses (CR + PR)
among 37 evaluable patients. Overall survival was defined as the interval
between the first administration of the drugs in this study and death or the

Table 1. Characteristics of treated patients

Phase ] Phase I Total

Number of patients 7 37 44
Gender

Male 5 31 36

Female 2 6 8
Age (years)

Median 65 64 64.5

Range 54-73 50-74 50-74
ECOG PS

0 0 5 5

1 7 32 39

2 0 0 0
Stage

HIB 0 2 2

v 7 35 42
Prior therapy

Yes 0 1 1

Ne 7 36 43
Serum ALP

Normal 7 29 36

Elevated o 7 7
Serurn LDH

Normal 3 14 17

Elevated 4 23 27
Na

Normal 6 35 41

Decreased 1 2 3
Number of metastases

0 0 2 2

1 4 27 31

2 3 6 9

3 0 1

4 or more V] 1 1

In one patient, serum ALP level could not be measured.
ECOG PS5, Eastern Cooperative Oncology Group performance status;
LDH, lactate dehydrogenase; ALP, alkaline phosphatase.
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last follow-up visit. Median overall swrvival was estimated using the
Kaplan-Meier method [18].

Pharmacokinetic analysis

Prarmocokinetic analysis was performed in patients entering the phase 1
section of this study. One milliliter of the blood was taken from the
patients before administration of amrubicin, and at Q min, 15 min, 1, 2, 3,
4, 8 and 24 h after administration on days 1 and 3 in the first course of
chemotherapy. Concentrations of amrubicin and its active metsbolite,
armmrubicinel, in plasra and red blood cells were measured as reported
elsewhere [9).

Results

Patient characteristics

Between April 2001 and December 2002, 45 patients with
ED-SCLC were enrolled and 44 were treated in this stady
(Table 1). One patient did not seceive the protocol treatment
because atrial fibrillation was observed just before adminis-
tration on day 1 of the first course. All treated patients were
assessed for response, survival and toxicity. The median age
of the treated patients was 64.5 years (range 50-74). There
were 36 males and eight females. Five patients had an ECOG
PS 0 and 39 patients had PS 1. Only one patient received sur-
gery for brain metastasis as a prior therapy.

MTD and DLT in the phase I study

Four patients were enrolled at dose level 1 (ammbicin
40mg/m” on days 1-3 and cisplatin 60 mg/m® on day 1) and
three patients at level 2 (amrubicin 45mg/m® on days 1-3
and cisplatin 60 mg/m® on day 1). Toxicities in the phase 1
study are listed in Table 2. No DLT were observed during the
first course of level 1. At level 2, grade 4 neutropenia for >4
days and febrile neutropenia occurred in one patient, and feb-
rile neutropenia and grade 3 constipation occutred in another
patient. Consequently, the MTD and RD were determined to
be level 2 and level 1, respectively.

Pharmacokinetics of amrubicin and its active
metabelite, amrubicinol

Pharmacokinetic parameters of amrubicin in plasma were
almost identical on days 1 and 3 at the two dose levels
(Table 3). No clear dose relationship in the area under the con-
centration—time curve (AUC) of amrubicin in the plasma was
observed. The AUC of amrubicinol] in red blood cells tended
to increase on day 3 at both doses (Table 4). No clear dose
relationship in the AUC of amrubicinol in red blood cells was
observed. Combination with cisplatin did not alter the pharma-
cokinetics of amrubicin and amrubicinol (data not shown).

Treatment received in patients treated at the RD

Forty-one patients were treated at the RD: amrubicin
40mg/m® on days 1-3 and cisplatin 60 mg/m? on day 1. Of
41 patients, 32 (78%) patients received more than three
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xenografts. Amrubicin and its 13-hydroxy metabolite, ammubi-
cinol, inhibit purified human DNA topoisomerase II [11].
Amrubicinol is 10-100 times more cytotoxic than amrubicin
[9]. The potent therapeutic activity of amrubicin is caused by
the selective distribution of its highly active metabolite, amm-
bicinol, in tumors [9]. In an experimental animal model, amru-
bicin did not exhibit any chronic cardiotoxicity potential, and
no deleterious effects on doxorubicin-induced cardictoxicity
in dogs was observed [14]. In a phase II stady of ammbicin
using a schedule of 45 mg/m® on days 1-3 every 3 weeks, in
33 previously untreated ED-SCLC patients, an overall
response rate of 76% and a complete response (CR) rate of
9% were reported [15]. Moreover, median survival time
(MST) was 11.7 months in the single-agent phase II study of
amrubicin. Amrubicin is one of the most active new agents
for SCLC. Thus, we conducted a phase I/I1 study of amrubicin
plus cisplatin for untreated ED-SCLC, because cisplatin is
considered as one of the most important drugs in the treatment
of SCLC. The aims of this trial were to determine the
maximum-tolerated doses (MTD) of combination therapy of
amrubicin with cisplatin, to assess the efficacy and safety for
ED-SCLC at their recommended doses (RD), and to examine
the pharmacokinetics of the drag combination.

Patients and methods
Patient selection

Patients with histologically and/or cytologically documented SCLC were
eligible for this study. Each patient was required to meet the following
criteria: extensive-stage disease [16}; two prior therapy for primary lesion;
measurable lesion; Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) 0-2; expected survivel time >2 months; age 20-74
years; adequate hematological function fwhite blood cetl (WBC) count
4000-12 000/mm’, neutrophils 22000/mm?, platzlets 2100 000/mm?>,
hernoglobin 210 /dl); adeguate hepatic function {total bilirubin within
1.5x the upper limit of normal; aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) within 2.5 x the wpper limit of normal}; ade-
quate renal finction {creatinine within the upper Emit of normal); partial
pressure of arterial oxygen 60torm; no abnomality requiring treatment on
electrocardiogram; left ventricle ejection fraction >60%; written informed
consent. Patients with symptomatic brain metastasis, plevral effusion that
required drainage, non-steroidal anti-inflammatory drag or ghicocorticoid
use for >50 days, peticarditis carcinomatous, active infection, varicella,
superior vena cava syndrome, syndrome of inappropriste secretion of anti-
diuretic bormone (SIADH), gastric and/or duodenal ulcer, severe heart
disease, severe renal disease, active concomitant malignancy, symptomatic
preumonitis and/or pulmonary fibrosis and pregnant/nursing women were
excladed. This stody was approved by the Institutional Review Board at
each hospital.

Patient evaluation

Pretreatment evaluation consisted of complete blood cell counts, diffe-
rential, routine chemistry measurements, progastrin-releasing peptide
(ProGRP), neuron-specific enolase, electrocardiogram. echocardiography,
chest radiograph, chest and abdominal computed tomogrsphy (CT) scan,
whole-brain magnetic resonance imaging (MRI) o CT scan, and isotope
bone scan. Complete blood cell counts, differential and routine chemistry
measurements were performed at least once a week during the
chemotherapy.
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Treatment schedule

At Ievel 1, chemotherapy consisted of cisplatin 60mg/m* on day 1 and
amrabicin 40mg/m® on days 1-3. Amrubicin was administered as an
intravenous injection over Smin and cisplatin was administered as a drip
infusion over 60-120min with adeguate hydration. At level 2 the dose of
amrubicin was increased to 43 mg/m® on days 1-3. Level 3 was planned
with cisplatin $0mg/m® on day 1 and amrubicin 45 mg/m® on days 1-3.
The chemotherapy was repeated every 3 weeks for four to six courses.
Intrapatient dose escalation was not allowed. Administration of gramulo-
cyte colony-stimulating factor (G-CSF) was permitted prophylactically for
patients expected to experience grade 3 neutropenia during the first
course. Prophylactic administration of G-CSF was only permitted at
second or later courses.

The administrations of both cisplatin and amrubicin were postpened
if paticnts met the following criteriaz WBC <3000/mm’; neutrophils
<1500/mm”; platelets <100 000/mm®; AST and ALT >5x the upper Limit
of normal; total bilirubin >1.5x the upper limit of notmal; creatinine
>1.3x the upper fimit of normal; ECOG PS 3 or 4; active infection; grade
2 or worse mon-hematological toxicity, except for alopecia, anorexia,
nmsea, vomiting or fatigue.

The administrations of both cisplatin and amrubicin were withdrawn
if patients met the following criteria: tumor regression <15% after first
course or <30% after second course; WBC <3000mm’ neutrophils
<1500/mm’; platelets <100000/mm®; no recovery from grade 3 or 4 non-
hematological toxicity at 6 weeks after the start of previous chemotherapy;
abnormality of electrocardiogram requiring treatment for more than &
weeks; left ventricle ejection fraction <48%; treatment delay of >4 weeks.

The dose of amrubicin was decrezsed 5 mg/m?/day if patients met the
following criteria: grade 4 leukopenia or neutropenia for 24 days; grade 3
neutropenia with fever; platelets <20 000/mm” during the previous course.
The dose of cisplatin was decreased to 75% if crestinine increased to
>1.5x the upper limit of normal during the previous course.

The dose-timiting toxicity (DLT) was defined as follows: grade 4 leuko-
penia or neutropenia for 24 days; grade 3 febrile neutropenia; platelets
<20000/mm’, grade 3 or worse non-hematological toxicity except for
neusea, vomiting, anorexia, fatigue, hyponatremia and infection. Initially,
three patients were treated at each dose Ievel. If DLT was not observed in
any of the three patients, dose escalation was carried out. If DLT was
observed in one of three patients, an additional three patients were entered
at the same dose level. If DLT was observed in three or more of six
patients, ot two or three of the initial three patients, we considered tha
dose to be the MTD. 1f DLT was observed in one or two of six patients,
dose escalation was also carried out,.Dose escalation was determined
based only on the data from the first course of chemotherapy.

Response and toxicity evaluation

Response was evaluated according to Response Evaluation Criteria in
Sokid Tumors (RECIST) and tumor markers were excluded from the cn-
teria [17). CR was defined as the complete disappearance of all clinically
detectable tumors for at least 4 weeks and no new Jesions. Partial response
(PR) was defined as at least a 30% decrease in the sum of the longest
diameters of target lesion, taking as reference the baseline sum longest
diameter, the required non-progression in non-target lesions and no new
lesions for at least 4 weeks. Stable disease (SD) included: regression of
target lesions insufficient to meet the criteria for PR, a <20% increase
in the sum of the Jongest diameter of target lesion, taking as reference
the smallest sum longest diameters recorded since the freatment started,
the required non-progression in non-target lestons and no npew lesions for
at least 6 weeks. Progressive disease (PD) indicated a >20% increase in
the sum of the Jongest diameters of target lesion, taking as reference the
smallest sum longest dinmeter recorded since the treatment started
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Background: Amrubicin, a totally synthetic 9-amino-anthracycline, demonstrated excellent single-
agent activity for extensive-stage small-cell lung cancer (ED-SCLC). The aims of this trial were to
determine the maximum-tolerated doses (MTD) of combination therapy with amrubicin and cispla-
tin, and to assess the efficacy and safety at their recommended doses (RD).

Patients and methods: Eligibility criteria were patients having histologically or cytologically pro-
ven measurable ED-SCLC, no previcus systemic therapy, an Eastern Cooperative Oncology Group
performance status of 0-2 and adequate organ function. Amrubicin was administered on days 1-3
and cisplatin on day 1, every 3 weeks.

Results: Four patients were cnrolled at dose level 1 (amrubicin 40mg/m?day and cisplatin
60mg/m?) and three patients at level 2 (amrubicin 45 mg/m?/day and cisplatin 60 mg/m?). Conse-
quently, the MTD and RD were determined to be at level 2 and Jevel 1, respectively. The response
rate at the RD was 87 8% (36/41). The median survival time (MST) was 13.6 months and the 1-year
survival rate was 56.1%. Grade 3/4 ncutropenia and leukopenia occurred in 95.1% and 65.9% of
patients, respectively.

Conclusions: The combination of amrubicin and cisplatin has demonstrated an impressive response
rate and MST in patients with previocusly untreated ED-SCLC.

Key words: anthracycline, cisplatin, phase I-II, small-cell lung cancer

Introduction

Small-cell lung cancer (SCLC) is one of the most chemosensi-
tive solid tumors, and the cutcome of SCLC patients is slowly
but surely improving. Combination chemotherapy consisting
of cisplatin plus etoposide and concurrent twice-daily thoracic
radiotherapy has yielded a 26% S-year survival rate in lim-
ited-stage (LD) patients [1]. Despite the high response rate to
combination chemotherapy, however, Jocal and distant failure
is very common, especially in extensive-stage (ED) paticnts.
Moreover, resistance to chemotherapeutic agents develops

such as high-dose chemotherapy, dose-intensive chemother-
apy, alternating chemotherapy and introduction of new drugs,
have been investigated [2-6]. However, only the introduction
of new agents has improved the outcome of SCLC patients.
Combination chemotherapy with etoposide plas cisplatin or
etoposide plus cisplatin alternating cyclophosphamide, doxo-
rubicin and vincristine had been mainly used for SCLC in
North America. Recently, a Japanese trial [Japan Clinical
Oncology Group (JCOG) 9511] demonstrated the superiority
of the combination of irinotecan and cisplatin for ED-SCLC

easily after failure of initial treatment. Thus, long-term sutvi-
vors are still very rare among patients with ED-SCLC. To
improve the outcome of SCLC patients, several strategies,
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National Cancer Center Hospital 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. Tel: +81-3-3542-2511; Fax: +81-3-3542-7006;
E-mail: yohe@nce.go.jp

© 2005 European Society for Medical Oncology

patients over the combination of etoposide and cisplatin [6].
The development of more active chemotherapy, and especially
the introduction of effective new drugs, is therefore essential
to improve the servival of SCLC patients.

Amrobicin (SM-5887) is a totally synthetic anthracycline
and a potent topoisomerase II inhibitor [7-14]. It has
antitumor activity, and is more potent than doxorubicin
against various mouse experimental tumors and human tumor
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Estrogen and progesterone may up-regutate EGFR
in normal tissues [21], and activation of steroid
hormones might impact on EGFR function in
NSCLC [22]. Another explanation may be that
the steroid hormone receptor might interact with
EGFR and influence the response of an EGFR
inhibitor.

Multivariate analysis in IDEAL-1 showed that PS
was not a significant prognostic factor, however, the
population of the study was restricted with regards
to good PS. Although gefitinib was considered as
an effector of symptom improvement in the phase
I trial, the indication for patients with poor PS is
controversial. Several authors described the case
reports about the efficacy of gefitinib in NSCLC pa-
tients with poor PS [23,24] or with brain metastases
[25]. Although 'good PS’ were significant prognos-
tic factor in this trial, gefitinib still might be a can-
didate drug for patients with poor PS, because of
restriction of the use of other anti-cancer drug by
their toxicities.

Elderly patients exhibited an equivalent response
to young patients in this study. Recent data sug-
gested, gefitinib is safe and well tolerated in elderly
pretreated NSCLC patients [26]. A phase Il study of
gefitinib for elderly patients in NSCLC is needed.

A low smoking index was revealed as a predic-
tive prognostic factor following a single regimen of
gefitinib. Erlotinib is also administered orally and
is a highly selective EGFR tyrosine kinase inhibitor
[27] with a gquinazolinamine-based structure sim-
ilar to that of gefitinib. In the phase Il study of
erlotinib in NSCLC or bronchial alveolar carcinoma
[28], a non-smoking history was alsc a prognos-
tic factor. Chronic exposure to nicotine increases
the expression level and phosphorylation status
of EGFR and impairs its function [29]. Moreover,
smoking produces overexpression of Her2/neu that
binds to EGFR as a hetero-dimer in the tissue of
normal bronchus. Expression of EGFR or Her2/neu
or both in tissue samples by immunchistochemistry
has not correlated in the response of gefitinib [30],
however the different type of dimers formed be-
tween EGFR families might influence the response
to gefitinib.

Four patients (4% of the patients) developed in-
terstitial lung disease (ILD). Continuous smoking
disrupted surfactant protein A or D {31,32), and the
serum levels of the proteins were increased [33].
As 'smoking history’ and ‘male’ are significant risk
factors of ILD and also in treatment with gefitinib
[34], a serum level of the surfactant protein A or
D might be a predictive marker of ILD. Patients
who are female and non-smokers are most likely
to receive a high benefit and low risk with gefitinib
treatment.

206

Although more basic biological research is needed
to find the mechanism of action, we have found
several predictive prognostic factors associated
with the practical use of gefitinib. This is necessary
clinical information which is important in order to
set eligibility criteria for future clinical trials with
gefitinib.
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_Table 6 Patients with drug-rélaied adverse events (NCI-CTC) L

Adverse event - Number of patients (N = 101) : o
o _ Grade 1 Grade 2 Grade3. = .Grade 4/5 Total.
Rash- o 33 (32.6%) 21 (20.8%) 3 (3.0%) : 0- 57 {56.4%)
Dry skin 24 (23.7%) - 31(3.0%) 0 0 27 (26.7%)
Pruritis - 9 (9.0%) "7 (7.0%) 0 0 16 (16.0%)
Diarrhea : 19 (18.8%) 4 (4.0%) - 0 0 23 (22.8%)
- Nausea _ - 6 (6.0%) 1 (1.0%) 0 0 7 (7.0%)
Vomiting Co3@3E0%) - . 0 1] 1] 3 (3.0%)
" Anorexia Y X v 1 ) . o 0 0 7 (7.0%)
_ ALT increased . - 5 (5.0%) 2(2.0%) 5 (5.0%) 0 S 12(13.0%)
AST increased 8 (8.0%) 2 (2.0%) 3 (3.0%) 0 : 13 {13.0%)
Pneumonitis ] 0 2 (2.0%) .22 {2.0%) ‘ 4 {4.0%)

2Treatment-related death (Grade 5).

tors in a practical setting, we retrospectively anal-  'good PS’ and ‘never-smoker’. In survival analyses,
ysed the patients who received a single regimen  the factors *female’, 'good PS’, and a low smoking
of gefitinib at our institute. Multivariate analysis  index also significantly prolonged survival,

demonstrated that the predictive factors which The mechanism by which these factors pro-
were associated with a response were 'female’,  duced better prognosis has not been clarified.

100
— Oorl — male
— female
— 2or3 70 |

P= 0.0001 40 P=0.004

Survival rate (%)
survival rate (%)
n
o
1

1
1000 1500 0 500 1000 1500

Survival rate (%)
Survival rate (%)

1 1 ] ]
0 0 500 1000 1500 0 500 1000 1500
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Fig. 2 A comparison of survival of: (A) PS 0, 1 vs. PS 2, 3; (B) gender: male vs. female; {C) smoking index: <900 vs.
=>900; and (D) age: <70 vs. =70.
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Table 4 P_rei:licﬁve factors associated with an ob-
jective response by univariate analysis

Parameter - . N Responder RR (%) P-value
“Smoking index . - e
- Non-smoker ~ ~-" ~-55 15 = 190326
Smoker . - . 46" 5 - 9.1 "0.0025
Gender = T
Female ~ - 37 14~ 318 7
Male 64 6 - 94  0.0006
Histology o R -
- Adenccarcinoma 81 20 . 247 - o
Others 20 0 = " 0.0  0.0104
01 - 77 20 © 26,0 -
22 _ 24 0 0.0 0.0028
Pre-treatment - oo :
<2 regimens ~ 58 13 ~ 22,4
~23regimens .. 43 7 . 163 - NS
Age (years) -~ . SRR
<70 7413 17.6
>71 : 27 7 25.9 - NS,
Stage .
H = 18 4 22.2
v 83 16 19.3 NS,

Abbreviations: N.S., not significant,

3.3. Toxicity

Drug-related AEs of all patients are shown in
(Table 6). A total of 101 patients were evaluated for
toxicity, The most frequent drug-related AEs were a
rash, dry skin and diarrhea. Most of these AEs were
mild (Grade 1 or Grade 2) and were controllable.
Of all the drug-related AEs evaluated, Grade 3 or
Grade 4 AEs were seen in less than 5%, and Grade
4 drug-related AEs were only pneumonitis. Grade 3

or 4 AEs required a treatment interruption, but re-
covered after discontinuation of gefitinib, except
with pneumonitis. Four patients developed greater
than Grade 3 pneumonitis requiring hospitaliza-
tion. All patients had a fever and severe hypoxemia
on admission. As soon as possible, all patients were
administered steroid therapy. While two patients
recovered with the steroid therapy, two patients
died within 40 days after the administration of gefi-
tinib. Hematological toxicities were not observed.

3.4, Survival

The median survival time of the patients who were
*good PS' (0 or 1) and 'poor PS’ (2 or 3) was 353
and 97 days, respectively, and this difference was
significant (P = 0.0001, log-rank test) (Fig. 2A).
The MST of females was significantly longer than
that of males (596 days versus 178 days, P = 0.004)
(Fig. 2B). Furthermore, a low smoking index (<900)
significantly prolonged survival {(MST: 301 days ver-
sus 149 days, P = 0.031) (Fig. 2(}). Age did not in-
fluence the survival benefit of the patients treated
with gefitinib (Fig. 2D).

4, Discussion

Gefitinib is an orally active, selective EGFR tyro-
sine kinase inhibitor that blocks signal transduction
pathways, and is one of the promising molecular
targeted drugs used in the treatment of advanced
NSCLC [16,17,20]. Although the large scale of the
phase |l study (IDEAL-1) [15] has already confirmed
that there were statistically significant differences
in efficacy for 'adenocarcinoma’ and ‘female’ by
multivariate analysis, the population was essen-
tially biased towards young people with good per-
formance status who had conserved, good organ
functions. To clarify the predictive prognostic fac-

Table 5 Predictive factors associated with an objective reéponse by multivariate analysis

Parameter 0dds ratio 95% Cl P-value

Extraction of smoking . _
Gender (female vs. male) .0.163 " 0.040-0.585 - 0.0032
Performance status (1 vs. 2) 0.061 0.000-0.415 - . 0.c018
H_istology (Adenc? vs. others) 31.326 0.4357in_ﬁnity C NS,

Extraction of gender '
Non-smoking (non vs. =1) 0.297 0.063-0.959 .0.0417
Performance status (1 vs. 2) 0.096 0.000-0.628 0.0101
Histology (Adeno vs. others) 4,385 .

0.588infinity NS,

Abbreviations: N.S., not significant; Cl, confidence interval.

2 Adenocarcinoma.
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Table 3 Overall objective response

Number %
Number of patients evaluated 10t
Complete response (CR) _ 1 _ 1.0
Partial response (PR) .19 - 188
‘Stable disease (SD) "~ - 52 - 51,5
Progressive disease (PD) - 25 24,8
Not evaluable - o4

4.0 .
Response rate '

% (95% CI) 19.8 (12.0-27.6)
Disease control rate? v
% (95% CI) 71.3 (62.5-80.1) -
3CR + PR +S.D. '

who had failed several previous chemotherapy
regimens, and patients with an ECOG PS5 score
of 3.

3.2, Response to treatment

Table 3 shows an objective response observed in
this study. Twenty responders were evaluated and
the overall response rate was 19.8%. One patient
achieved a complete response, 19 patients exhib-
ited a partial response and 52 patients had stable
disease, resulting in a disease control rate (ob-
jective responses plus stable disease} of 71.3%.
When evaluated using patient characteristics, we
determined the response rate detailed in Fig, 1.
All patients that responded had adenocarcinoma

of the lung as the histological subtype. In addi-
tion, for the factors *female’ and 'never-smoker’,
there were higher response rates than in ‘male’
and ‘smoker’ respectively, while RR was similar
for age, stage and pre-treatment. The response
rate of ‘female’ and *never-smoker’ were 37.8 and
32.6%, respectively. Using the Fisher’s exact test,
the predictive factors which were associated with
a response were ‘female’ (37.8% versus 9.4%; P =
0.0006), ‘adenocarcinoma’ (24.7% versus 0%; P =
0.0104), 'good PS’ {0—1} (26.0% versus 0%; P =
0.0028), and never-smoker (32.6% versus 9.1%;
P = 0.0025). There were no significant differences
for age, stage and pre-treatment (Table 4). A mul-
tivariate analysis was performed against the four’
significant predictive factors in univariate analysis
{Table 5). Because the incidence of the female fac-
tor is very strongly correlated to the never-smoker
factor, the statistical assay was rather unstable if
the two factors were analyzed simultaneously. We
theninvestigated two patterns of multivariate anal-
ysis. One analysis excluded smoking and the other
excluded gender. If smoking status was extracted,
then female and good performance status were
statistically significant. If gender was extracted,
then non-smoking and good performance were sta-
tistically significant. The odds of a response were
over three times higher for patients with adeno-
carcinoma than for patients with other histologies,
however, this is not considered to be statistically
significant because the group in this study was of
a small size and included a high percentage of
adenccarcinoma.
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Fig. 1 Tumor response rate of the subgroups.
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Figure 1: Progression-Free Sur-
| vival—Progression-free survival of
patients with extensive small-cell lung
cancer who were assigned to treat-
ment with irinotecan plus cisplatin or
etoposide plus ¢isplatin (JCOG 9511).

Progressl ri‘-_fi_'g'é:_sﬁr\"llvél“ o

Figure 2: Overall Survival—Overall
survival of patients with extensive
small-cell lung cancer who were as-
signed to treatment with irinotecan plus
cisplatin or etoposide plus cisplatin
(JCOG 9511).

Irinotecan plus cisplatin

- Overall survival,

20%" Etoposide plus \
0%+ cisplatin

0%

e

Arm A (weekly regimen)
Week
Drugs i 2 374 & 7 8 9 Figure 3: Study JCOG 9902-Di—
Treatment schema of arm A (weekly
Cisplatin 25 mg/m2, d1 ® © 6 00 00 00 regimen) and arm B (4-week regimen). -
Irinotecan 80 mg/m?2, d1 ’ ’ ‘ ’ ’
Etoposide 60 mg/m?,d1-3 | R || |
G-CSF >
Arm B (4-week based regimen)
Week
Drugs 1 5 9 13
Clsplatin 60 mg/m2, d1 ® o ® o
Irinotecan 60 mg/m2,d1,8,15 ¢ ¢ & G ¢ ¢ ¢ ¢ & ¢ 6 ¢
Etoposide 50 mg/m?2, d1-3 || j | ] [ ]
G-CSF — —— —_—
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files also showed a minimal over-
lap.{11-16] In a phase H trial of irino-
tecan and cisplatin, the response rate
was 86%.[17] In these trials, the prin-
cipal toxicitics were neutropenia and
diarrhea.

Phase I Trial Comparing

Irinotecan and Cisplatin With
Cisplatin and Etoposide

Based on the results of the phase Il
trial, the Japan Clinical Oncology
Group (JCOG) conducted a multi-
institutional randomized phase 11 tri-
al (JCOG-9511) comparing irinote-
can and cisplatin (IP) with cisplatin
and etoposide (EP) in patients with
previously untreated ED-SCLC.[18]
The patient characteristics in this trial
included an Eastern Cooperative On-
cology Group (ECOG) performance
status of 0-2 and age < 70 years.
Patients with symptomatic central ner-
vous system metastases requiring ra-
diation or corticosteroid treatment
were excluded from the trial. The ex-
perimental arm consisted of irinote-
can at 60 mg/m? administered on days
1, 8, and 15 of each 4-week cycle,
along with cisplatin at 60 mg/m? ad-
ministered on day 1 for a total of four
4-week cycles (IP). This treatment reg-
imen was compared with a regimen
of etoposide at 100 mg/m? adminis-
tered on the first 3 days of each
3-week cycle along with cisplatin at
80 mg/m? administered on day 1 fora
total of four 3-week cycles (EP).

The principal end point was over-
all survival. The projected accrual for
this trial was 230 patients (115 pa-
tients per arm). An interim analysis
conducted after 77 patients had been
accrued in each arm showed a signif-
icant survival advantage for the IP
arm. Therefore, further enrollment in
the trial was discontinued. '

The response rate was significant-

ly higher in the IP arm than in the EP |

armm (84% vs 68%; P = .02). Addi-
tionally, the IP arm showed a statisti-

cally significant improvement in both -

progression-free survival (6.9 vs 4.3
months; P =.003) (Figure 1) and me-
dian overall survival (12.8 vs 9.4
months; P =.002) (Figure 2).

The results of this trial were the
most exciting to be seen in patients

with previously untreated SCLC. The
IP regimen is thus another platinum-
based combination that should be con-
sidered for the treatment of ED-SCLC.
Appropriately, the combination of ¢is-
platin and irinotecan has become the
new standard treatment for patients

“with ED-SCLC in Japan. However,

several points must be examined be-
fore the IP regimen can be fully es-
tablished as the new standard
treatment for ED-SCLC. Three ran-
domized controlled trials comparing
the EP regimen with the IP regimen
are presently under way in Europe
and the United States.

Table 1

Patient Characte'ristics in JCOG 9902-DI

Arm B (n = 30)

Arm A (n = 30)
Number Number
of Patlents Percentage of Patients Percentage
Sex
Female 3 10% 3 10%
Mate 27 90% 27 80%
Median age (range) 64 yr {47-70 yr) 63 yr (46-68 yr)
Performance status
0 2 7% 3 10%
1 25 83% 25 83%
2 3 10% 2 T%
Body weight loss
<5% 23 77% 21 70%
5%-10% 6 20% 8 27%
o> 10% 1 3% 1 . 3%
Table 2

- Number of Chemotherapy Cycles Delivered in JCOG 9902-Di

Arm A Arm B
Number Number Number Number
of Cycles  of Patients Percentage of Cycles of Patlents  Percentage
9 22 73% 4 21 70%
8 4 13% 3 5 17%
5 1 3% 2 2 7%
4 1 3% 1 2 7%
2 1 3%

1 1 3%
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Table 3

ArmA

Total Administered Dosage and Dose Intensity Delivered in JCOG 9302-DI

ArmB

Median (Range) Total Dosage

Cisplatin 225 mg/m? (25-225 mg/m?) 240 mg/m? (60-240 mg/m?)
Irinotecan 450 mg/m? (90450 mg/m?) 563 mg/m? (60-720 mg/m?)
Etoposide 720 mg/m? (0-720 mg/m?) 600 mg/m? (150-600 mg/m?)
Median (Range) Dose Intenslity
Cisplatin 21 mg/m?*wk (13-25 mg/m? wk) 15 mg/m2wk (12-15 mg/m2fwk)
Irinotecan 40 mg/m3wk (2190 mg/m?wk) 35 mg/mPwk (1545 mg/me/wk)
Etoposide 68 mg/m3wk {0—80 mg/m3wk) 37 mg/m?/wk (28-38 mg/m?/wk)
Table 4
Toxicity in JCOG 9902-DI
Arm A (n = 30) Arm B (n = 30)
Nurmnber Number
Toxlcity (Grade 3/3) of Patients Percentage of Patients Percentage
Leukocytopenia 15 50% 16 53%
Neutropenia 17 57% 26 87%
Anemia 13 43% 14 47%
Thrombocytopenia 8 27% 3 10%
Infection 2 7% 4 13%
Diarrhea 2 7% 3 10%
Hyponatremia 4 13% 6 20%
CRN elevation 1 3% 1 3%
Treatment-related death 1 3% ¢ 0%

CRN = creatinine.

Phase I Trial of Cisplatin,

Irinotecan, and Etoposide
Administered Weekly or

Every 4 Weeks
JCOG 9511 showed that the [Preg-

imen was significantly better than the
EP regimen. However, because eto-

poside was still considered to be a

14

key drug in the treatment of SCLC, a
combination of these three drugs—
irinotecan, cisplatin, and etoposide
(IPE)—seemed to be a promising
strategy for the treatment of ED-
SCLC. The recommended weekly
doses (JCOG 9507) and the dosages
for each 4-week cycle (JCOG 9512)
for IPE were decided using dose-es-
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calation trials. For these reasons, a
phase II trial of irinotecan, cisplatin,
and etoposide administered weekly or
every 4 weeks for ED-SCLC (JCOG
9902-DI) was performed.[19]

The purpose of this trial was to
evaluate the toxicity and antitumor
effect of the combination of irinote-
can, cisplatin, and etoposide adminis-
tered according to two schedules,
weekly (arm A) and every 4 weeks
(arm B), for the treatment of previ-
ously untreated ED-SCLC, and to se-
lect the appropriate arm for use in
phase III trials. Patients were enrolled
in this trial if they met the following
criteria: (I') a histologic or cytological
diagnosis of SCLC; (2) no prior treat-
ment; (3) measurable disease; (4) ex-
tensive disease, defined as distant
metastasis or contralateral hilar lymph
node metastasis; (5) performance sta-
tus of G to 2 on the ECOG scale; (6)a
life expectancy of 3 months or fong-
er; (7) age between 20 and 70 y¥ars;
(8) adequate organ function; and (9)
written informed consent.

The treatment schedule is shown
in Figure 3. In arm A, cisplatin at 25
mg/m? was administered intravenous-
ly (IV) over 60 minutes on day 1 and
at 1-week intervals for 9 weeks; irino-
tecan at 90 mg/m? was administered
IV over 90 minutes on day ! on weeks
1,3, 5,7, and 9; and etoposide at 60
mg/m? was administered by IV over
60 minutes on days 1 to 3 of weeks 2,
4, 6, and 8. Granulocyte colony-stim-
ulating factor (G-CSF) was adminis-
tered prophylactically on the days
when a cytotoxic drug was not given,
unless the white 'blood cell (WBC)
count exceeded 10.0 x 10°/L.

In arm B, cisplatin at 60 mg/m?
was administered by IV over 60 min--
utes on day 1; irinotecan at 60 mg/m?
was administered by IV over 90 min-
utes on days 1, 8, and 15; and etopo-
side at 50 mg/m? was administered by
IV over 60 minutes on days 1 to 3.
G-CSF was injected subcutaneously
from day 5 until the day when the
WBC count exceeded 10.0 x 10°L.
This treatment was repeated every 4
weeks for a tota] of four cycles.

Patient characteristics are listed in
Table 1. Between August 1999 and
October 2000, 30 patients were en-
tered in each arm. The last follow-up




examination was performed in Febru-

ary 2002. All enrolled patients were | 120 5

included in the toxicity, tumor re- | Antitumor Responses In JCOG 9902-D]

sponse, and patient survival analyses.

No differences in any of the listed Arm A (n = 30) Arm B (n = 30)

characteristics were observed between Number Number

the two arms. Responses of Patlents Percentage of Patients  Percentage
Treatment delivery is listed in Ta- . .

ble 2. Of the 30 patients in each arm, | ComPlete 2 7% 5 7%

22 (73%) and 21 (70%) patients in | Partial 23 77% 18 60%

arms A and B, respectively, received o o

full cycles of chemotherapy (nine cy- No change ! 8% 0 0%

cles in arm A and four cycles in arm | Progressive disease 3 10% 4 13%

B)..'I:her_apy was stopped' because of | \o effect 1 3% 3 10%

toxicity in four (13%]) patients in arm

A and in six (20%) patients in arm B. | Response rate 83% (95% C = 65%—94%) 77% (95% Cl = 58%~80%)

Therapy was stopped because of tu-

mor progression in three (10%) pa-
tients in each arm. The need for
treatment delay in arm A and treat-
ment skipping in arm B, however,
was significant. Only eight (27%) pa-
tients in arm A completed the treat-
ment without delay, and only seven
(23%) patients in arm B received all
the planned doses. A total of 105 che-
motherapy cycles were administered to
30 patients in arm B, but eight (8%)
doses of irinotecan on day 8, and 33
(31%) doses of irinotecan on day 15
were omitted because of toxicity, ac-
cording to criteria in the protocol.

The median total dosages of cis-
platin and etoposide administered per
patient were maintained at the planned
dosage levels in both arms (Table 3).

The median total dosage of irinotecan |-

as a percentage of the scheduled dos-
age (the relative total dosage) was
100% in arm A, but only 78% in arm
B, reflecting the doses of irinotecan
that were skipped on days 8 and 13.

Dose intensity was evaluated in 29
patients in arm A and 28 patients in
arm B (Table 3). The median relative
dosage intensity was well maintained
at a level of 80% or higher, except
that of irinotecan in arm B (77%).
The median actual dosage intensity
of etoposide was 70 mg/m?*/wk in arm
A and 37 mg/m?*wk in arm B.
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National Cancer Center Hospital
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Figure 4: Study JCOG 9902-D1—Survival in treatment arms.

Toxicity was evaluated in all pa-
tients. The cidences of grade 3/4
neutropeniu, anemia, thrombocytope-
nia, infection, and diarrhea in arm A
were 57%, 43%, 27%, 7%, and 7%,
respectively, and 87%, 47%, 10%,
13%, and 10%, respectively, in arm
B. A treatment-related death occurred
in one patient in arm A (Table 4).
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Two complete responses (CRs) and
23 partial responses (PRs) were ob-
tained in arm A, resulting in an over-
all clinical response rate of 83%,
whereas five CRs and 18 PRs were
obtained in arm B, resulting in an
overall response rate of 77% (Table
5). The median time to survival and
1-year survival rate in arm A were 8.9

15



months and 40%, respectively, and
12.9 months and 57%, respectively,
in arm B (Figure 4).

In this trial, the two IPE schedules
were both effective against ED-SCLC
and had an acceptable toxicity level.
Arm B was adopted as the investiga-
tional arm in phase III trials.

Conclusion

The combination of cisplatin and
irinotecan has become the new stan-
dard treatrent for patients with ED-
SCLC in Japan. However, SCLC is
rarely cured, although the response
rate has been improved and the sur-
vival time extended through the use
of chemotherapy. Based on the re-
sults of JCOG 9511 and JCOG 9902-
DI, a randomized trial comparing IP
with IPE administered every 3 weeks
in patients with previously untreated
ED-SCLC is now being performed in
Japan.
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