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Table 1 Kinetic parameters for ATP

The autophosphorylation reaction was performed using the indicated enzyme and gefifinib (0.5-5 nM). The steady-state kinetic parameters for ATP were defermined from the Eadie—Hofstee plot in
Figure 5. Results are means + S.D. for three independent duplicate experiments.

Figure 4 Mechanism of inhibitien of deletion mutant EGFR by gefitinib
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Autophosphorylation of unstimulated deletion mutant (A), unstimulated Wild—type (B), EGF-stimulated deletion mutant (C) and EGF-stimulated wild-type (D) EGFR was measured with or without
gefitinib at concentrations of 0 (O), 0.5 (@), 1(A) and 5 (A) nM. Reciprocal velocity against reciprocal ATP concentrations {0.5-32 M) were plotted. Data are representative of al least three

independent experiments.

low level of EGF-independent basal phosphorylation, whereas
autophosphorylation using EGF-stimulated EGFR represents
EGF-induced phosphorylation.

Kinetic parameters of autophosphorylation

The deletion mutant EGFR is constitutively phosphorylated under
unstimulated conditions. Measuring the autophosphorylation
activity of deletion mutant EGFR requires unphosphorylated
tyrosine residues of EGFR. An autophosphorylation assay was
reconstructed to determine the kinetic parameters of deletion
mutant EGFR. The method is summarized in Figure 2. The con-
centrations of gefitinib used (2 uM) completely inhibited phos-
phorylation of both the deletion mutant and wild-type EGFR, as
demonstrated by immunoblot analysis (Figure 1C). We performed
autophosphorylation assays with various amounts of EGFR (re-
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sults not shown). In our autophosphorylation assay, a constant
amount of EGFR (130 ng/well) was adopted to measure its auto-
phosphorylation, because this amount of EGFR was found to
be appropriate for detecting changes in the absorbance of both
wild-type and deletion mutant EGFR. The autophosphorylation
of deletion mutant EGFR and wild-type EGFR was analysed by
comparison with unstimulated and EGF-stimulated EGFR (Fig-
ure 3). The higher phosphorylation of deletion mutant EGFR
shown in Figure 1(A) was lowered by using gefitinib-treated
lysates, while the autophosphorylation reaction was initiated by
addition of ATP. The ATP-dependent autophosphorylation re-
actions of deletion mutant EGFR and wild-type EGFR in crude
cellular extracts were monitored (Figure 3, insets). The data
were transformed into an Eadie~Hofstee plot, and the kinetic
parameters were determined as apparent K,, and V_, values
for ATP (Figure 3 and Table 1). Under unstimulated conditions,
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Figure 5

Inhibition constant of gefitinib for autophesphorylation activity of deletion mutant EGFR

The same datasel as shown in Figure 4 was litted to an Eadie—Hofslee plot, and kinetic parameters from this fit are summarized in Table 1. Shown are the results for the unstimulated (A) and
EGF-stimulated (C) deletion mutant EGFR and unstimulated (B} and EGF-stimulated (D) wild-type EGFR in response to ATP with or without gefitinib at concentrations of 0 (O), 0.5 (@), 1 (A)

and 5 (A) nM. Resulls are representative of at least three independent experiments.

differences in activities were seen between unstimulated wild-type
(K, for ATP = 4.0 + 0.3 M) and deletion mutant EGFR (K, for
ATP =2.5+40.2 uM). Under EGF-stimulated conditions, there
was no difference in K, values between EGF-stimulated wild-type
EGFR (K, for ATP =194 0.1 uM) and deletion mutant EGFR
(K, for ATP=2.2+0.2 uM). The V. values of wild-type
EGFR and deletion mutant EGFR were equal under both
conditions. These results suggest that the wild-type EGFR is
conformationally activated by EGF stimulation, and that the
mutant EGFR is active without ligand stimulation.

Gefitinib inhibits autophosphorylation of deletion mutant EGFR

We examined the inhibitory effect of gefitinib (0.5, 1 and 5 nM)
on the autophosphorylation of deletion mutant EGFR in com-
parison with wild-type EGFR under unstimulated and EGF-
stimulated conditions. The data were transformed into a
Lineweaver—Burk plot for estimation of the mode of inhibition
(Figure 4). Lineweaver—Burk plot analysis showed that gefitinib
competitively inhibited the autophosphorylation of deletion
mutant EGFR as well as that of wild-type EGFR. The data were
transformed into an Eadie~Hofstee plot for determination of kin-
etic parameters (Figure 5). Eadie—Hofstee plot analysis revealed
the apparent K, and V., values for ATP in the presence of various
gefitinib concentrations, and the kinetic parameters are summar-
ized in Table 1. The K for deletion mutant EGFR and wild-type
EGFR was calculated using eqn 1 (see the Materials and methods
section). The K; value of gefitinib for deletion mutant EGFR (X
for gefitinib = 0.5 -+ 0.1 nM) was 26-fold lower than that for wild-

type EGFR (K for gefitinib = 13.3 & 5.1 nM) under unstimulated
conditions (Figure 5). Under EGF-stimulated conditions, the K;
value of gefitinib for deletion mutant EGFR (0.3 - 0.1 nM) was
10-fold lower than that for wild-type EGFR (3.0+ 0.6 nM)
(Figure 5). Based on these comparative studies, we concluded
that gefitinib binds deletion mutant EGFR more strongly than
wild-type EGFR. In addition, we calculated the inhibitory effect
of gefitinib for both types of EGFR in the presence of 2 uM ATP
(Figure 6). Relatively strong inhibitory activity was detected for
deletion mutant EGFR as compared with wild-type EGFR. These
results suggest that gefitinib had a high affinity (Jow X; value) for
deletion mutant EGFR compared with wild-type EGFR.

DISCUSSION

Wild-type EGFR is unphosphorylated, being in an inactive form,
under unstimulated conditions. The binding of ligands to the extra-
cellular domain of EGFR induces dimerization and phosphoryl-
ation of the receptor into the active form [13]. The kinetic para-
meters of wild-type EGFR in our autophosphorylation assay
are consistent with those of previous reports [14,15]. Crystallo-
graphic analysis has shown that the structure of the EGFR
kinase domain after forming a complex with erlotinib exhibits
a conformation consistent with the active form of protein kinases
{16,17]. Previously, we reported that the deletion mutant EGFR
was dimerized and phosphorylated constitutively without ligand
stimulation, suggesting an active conformation [9]. We analysed
the enzymatic properties of the deletion mutant EGFR, and
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Figure 6 Effects of gefitinib on autophosphorylation of deletion mutant
EGFR

The percentage of absorbance compared with the control under conditions of 2 .M ATP was
calculated using the same dataset as shown in Figure 4 at a concentration of 2 .M ATP. The
results shown are for unstimulated (A) and EGF-stimulated (C) deletion mutant EGFR and
unstimulated (B) and EGF-stimulated (D) wild-type EGFR in response to ATP with or without
gefitinib. Results are representative of at least three independent experiments.

determined the K; value of gefitinib for deletion mutant EGFR.
The inhibition constant of gefitinib for wild-type EGFR was
similar to the value reported by Wakeling et al. [18]. We showed
that the K; value of gefitinib for deletion mutant EGFR was much
lower than that for wild-type EGFR. The evidence of the decreased
K; value of gefitinib for deletion mutant EGFR means that gefitinib
binds deletion mutant EGFR more strongly than wild-type EGFR.
The high-affinity interaction between deletion mutant EGFR and
gefitinib may be attributable to structural differences between
deletion mutant EGFR and wild-type EGFR.

Our conclusion does not contradict the previous report by
Stamos et al. [16] on a similar EGFR-targeted tyrosine kinase
inhibitor, erlotinib, which binds to the active form of EGFR [14].
This result differs from that reported elsewhere: Fabian et al. [19]
reported that there were no differences in the binding affinity
of EGFR-targeted tyrosine kinase inhibitors between wild-type
EGFR and mutant EGFR, including the deletion mutation. They
constructed and expressed the kinase domain of EGFR on a
bacteriophage surface, followed by interaction with immobilized
inhibitors using biotin—avidin systems. Conversely, in our experi-
ments, we performed autophosphorylation assays with EGFR ex-
tracted from 293-pA15 and the 293-pEGFR cells overexpressing
deletion mutant and wild-type EGFR respectively. We consider
our cell-based autophosphorylation assay results to reflect the
native state of deletion mutant EGFR and to possibly explain
the hypersensitivity of mutant-expressing cells to gefitinib.

We demonstrated that the deletion mutant actually binds
gefitinib more strongly than wild-type EGFR. This is likely to be
the mechanism of action of other tyrosine kinase inhibitors such as
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erlotinib, ZD6474 [dual inhibitor targeted to VEGFR2 (vascular
endothelial growth factor receptor 2)/KDR (kinase insert domain-
containing receptor) and EGFR] and other possible multi-targeted
tyrosine kinase inhibitors. Indeed, EGFR-specific tyrosine kinase
inhibitors AG1478 and erlotinib, as well as ZD6474, as described
in our previous report {7] showed different growth-inhibitory
activities against HEK-293 transfected with deletion mutant
EGFR (results not shown). Thus it is likely that these (ATP
competitive) tyrosine kinase inhibitors have different binding
property effects on wild-type and deletion mutant EGFR to those
of gefitinib.

In the present study, we focused on the enzymatic properties of
in-frame deletion mutant EGFR (delE746-A750). The inhibition
of receptor autophosphorylation in deletion mutant EGFR by
gefitinib was much greater than that in wild-type EGFR. Next,
it is necessary to examine the kinetic properties of other types of
EGFR mutants, especially L858R, and these findings may pave the
way for the discovery of different kinase inhibitors with different
inhibition profiles for EGFR.

This work was supported by funds for the Third Term Comprehensive 10-Year Strategy for
Cancer Control.
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Background: To assess the pharmacokinetic profile and time-course of trough concentrations
and hemoglobin levels associated with subcutaneous weekly administration of epoetin beta in
lung cancer patients with chemotherapy-induced anemia.

Methods: Epoetin beta was subcutaneously administered to 15 anemic lung cancer patients
once weekly for 8 weeks at doses of 9000, 18 000 and 36 000 {U. Pharmacokinetic parameters
{Cmax: AUG; and Ty,2) were determined after the first single dose administration on a model-
independent basis, and the relationship between the dose and these parameters was examined
for linearity.

Results: Weekly administration of epoetin beta at 9000, 18 000 and 36 000 IU produced Crax
values of 308 £ 117 (mean * standard deviation), 678 + 86.7 and 1316 + 766 mlU/mI, and
AUC,; values of 15300 * 9524, 54574 + 16 265 and 88501 + 55687 hr mlU/ml, respectively,
showing dose-proportional increases. Trough concentrations tended to increase in the presence
of severe bone marrow suppression induced by chemotherapy or other factors. Extremely high
values were seen in three patients, but there was no apparent trend toward an increase with
repeated doses. After 8 weeks’ administration at 9000, 18 000 and 36 000 1U, hemoglobin levels
were changed by —0.37 + 1.26, 2.15 = 1.36 and 2.82 + 2.17 g/d|, respectively.

Conclusions: Epoetin beta exhibited linear pharmacokinetics when administered to anemic
cancer patients at weekly doses of 9000-36 000 U and did not cause drug accumulation.
Hemoglobin levels increased with weekly doses of 18 000 or 36 000 |U.

Key words: anemia — epoetin beta — pharmacokinetics

INTRODUCTION

Cancer patients receiving multicycle chemotherapy and
radiotherapy frequently develop anemia, with one clinical
study reporting that hemoglobin levels fell to 8-12 g/dl in
75% of patients undergoing these therapies (1). Among
patients undergoing chemotherapy, anemia with hemoglobin
levels of <8.0 g/dl reportedly occurs in 50-60% of ovarian
cancer, lung cancer, non-Hodgkin’s malignant lymphoma or
multiple myeloma patients (2).

The etiology of chemotherapy-induced anemia includes the
following: myelosuppression of chemotherapy or radiotherapy,

For reprints and all correspondence: Tomohide Tamura, Division of Internal
Medicine, National Cancer Center Hospital, 5-1-1, Tsukiji Chuo-ku, Tokyo
104-0045, Japan. E-mail: ttamura@ncc.go.jp

reduced production of the bone-marrow-stimulating hormone
erythropoietin (EPO), diminished bone marrow response to
EPO and cancer cell-induced immune system activation
resulting in reduced iron availability (3).

EPO, a hematopoietic hormone mainly produced in the
kidneys, acts on erythroblastic precursor cells to promote
differentiation and proliferation of erythrocytes and disappears
in the bone marrow and spleen. Epoetin beta is a human EPO
preparation that is mass-produced by recombinant gene tech-
nology and is commonly used in treatment of patients with
renal failure-induced anemia. In Europe and the United States,
it has already been approved and has also been administered to
cancer patients with anemia with demonstrated effects in
reducing required blood transfusion volumes, elevating hemo-
globin concentrations and improving quality of. life (QOL)
(4,5). Furthermore, in the US, the American Society of
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Hematology and the American Society of Clinical Oncology
jointly issued clinical practice guidelines in 2002 for the use
of EPO preparations (6). Thus, the general use of epoetin
in anemic cancer patients has been advocated. Meanwhile,
in Japan, EPO preparation has not been approved for cancer
patients with anemia, but clinical trials are now in progress.

Despite the increasing usage of epoetin, its pharmacokinetics
have not been adequately investigated at high, once-weekly
doses of 30000 or 40000 IU that are typically administered
subcutaneously to cancer patients with anemia (7). To the
best of our knowledge, the literature contains no pharmaco-
kinetic data for epoetin beta in patients with cancer-related
or chemotherapy-induced anemia, and the effect of the
chemotherapy on serum EPO concentrations was not clear.
We therefore studied the pharmacokinetic profile and time-
course of trough concentrations and hemoglobin levels asso-
ciated with subcutaneous weekly administration of epoetin
beta in lung cancer patients with chemotherapy-induced
anemia.

PATIENTS AND METHODS
PATIENTS

Inclusion criteria were as follows: (i) histological or cytolo-
gical confirmation of lung cancer diagnosis; (ii) treated with
cyclic chemotherapy; (iii) aged between 20 and 79 years;
(iv) life expectancy of at least 2 months; (v) anemia (hemo-
globin level of =<11.0 g/dl) considered to be primarily
chemotherapy-induced; and (vi) adequate renal and hepatic
function.

Exclusion criteria included (i) iron deficiency (Mean corpu-
scular volume SSOpm3 or iron saturation [{Fe/(Fe+ Unsatu-
rated iron-binding capacity)} x 100] = 15.0%); (ii) blood cell
transfusion in the 4 weeks prior to the study; (iii) rHuEPO
therapy in the 4 weeks prior to the study; (iv) documented
hemorrhagic lesion; (v) pregnancy, breastfeeding or not
using adequate birth control measures; (vi) history of myocar-
dial, pulmonary or cerebral infarction, serious drug allergy,
uncontrolled hypertension, hypersensitivity to any EPO
preparation, any serious complication; and (vii) a primary
hematologic disorder as the cause of the present anemia.

The protocol was approved by the institutional review board
of the National Cancer Center Hospital, and written informed
consent was obtained from all patients who participated in the
study.

STUDY DESIGN

This was an open-label, single-arm, dose-escalation study.
Patients were assigned sequentially to one of three groups,
receiving epoetin beta at either 9000, 18 000 or 36000 IU
per patient. This was administered by weekly subcutaneous
injection for 8 weeks. If the patient’s hemoglobin level
recovered to 14 g/dl or higher, the treatment was stopped.
Chemotherapy and radiotherapy were not performed from

7 days prior to until 4 days following the initial dose, and
blood transfusion was not performed until 4 days after the
initial dose. Oral iron supplementation (200 mg of ferrous
sulfate) was administered daily. Blood samples for detection
of epoetin beta antibody were collected before the first
administration and 7 days after the last administration. Patients
were followed for 1 week after the end of drug administration.
Granulocyte colony-stimulating factor administration was
allowed to the patients whose neutrophils count was <500
per cubic millimeter or those with neutropenic fever whose
neutrophils count was <1000 per cubic millimeter.

SERUM ASSAY

To determine the pharmacokinetic parameters, blood samples
were collected immediately prior to and 6, 10, 24, 34, 48, 72,
96 and 168 h after the initial dose of epoetin beta. To inves-
tigate the time-course of trough concentrations, samples were
also collected immediately prior to the administration of
each dose.

Blood samples were allowed to stand at room temperature
for ~30 min and then centrifuged at 4°C and 3000 rpm for
~10 min to separate the serum. The resulting serumn was stored
frozen at below —20°C until used for measurement of serum
EPO concentrations.

Serum EPO concentrations were measured by the RIA
method developed and validated by Chugai Pharmaceutical
Co., Ltd., Tokyo, Japan. Validation of this assay revealed
the following: quantification range, 6-384 mlIU/ml; intra-
assay precision (repeatability) and accuracy of 2.7-6.3%
and ~22.1 to —5.5%, respectively; and inter-assay precision
(reproducibility) and accuracy of 2.4~7.6% and —18.1-3.0%,
respectively. If the assayed value exceeded the upper limit of
the quantification range (378 mIU/ml), the sample was diluted
for re-measurement.

PHARMACOKINETIC ANALYSIS

Since EPO is an endogenous substance, measurements of
serum EPO concentration following the first administration
were baseline corrected to account for the presence of endoge-
nous EPO. The corrected values were then used to determine
descriptive statistics for drug concentration at each blood
sampling time-point and the pharmacokinetic parameters.

The following pharmacokinetic parameters were determined
after the initial dose by using WinNonlin Pro v.3.3 (Pharsight
Corporation, Mountain View, CA) in a model-independent
manner: Cpux, AUCiyr and Ty,

Cinax Was observed values. AUC;; was calculated by the
trapezoidal method with infinite extrapolation by dividing
the last plasma concentration by the elimination rate constant
(K.p). Tyo was calculated as 0.693/K,.

Trough concentrations were not baseline corrected.

PHARMACODYNAMIC ANALYSIS

Hemoglobin levels and platelet counts were assessed weekly.



STATISTICAL ANALYSIS

All statistical analyses were performed using SAS v. 8.2 (SAS
Institute, Cary, NC). Descriptive statistics were not calculated
if they were to be based on available data from less than half
the subjects.

Analyses of dose linearity were performed for C,.., and
AUC,,s. Each analysis used the power model: log y =
o+ B - log dose, where B is the slope and y represents the
pharmacokinetic parameter. Fitting a linear relationship
between log y and log dose is an extension of the analysis
of variance model. The key feature of the power model is the
assumption of linearity between the log-transformed values of
parameters and doses. The 95% confidential interval (CI) of
the slope of the log-transformed parameters plotted against log
dose was estimated, and dose-proportionality was concluded to
be present if the 95% CI contained a slope with a value of 1.

RESULTS
PATIENTS” CHARACTERISTICS

Fifteen patients were enrolled in the study. Their characteris-
tics are shown in Table 1. Participants were 8 men and 7
women, aged 30-78 years (median age, 69.0 years), who
were being treated with chemotherapy (containing platinum
in 12 cases). Four patients received prior radiation therapy

Table 1. Patients’ characteristics
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(brain radiation in four cases and thoracic radiation in three
cases). Ten patients had small cell carcinoma, four had ade-
nocarcinoma and one had large cell carcinoma. Doses of 9000,
18 000 and 36 000 IU were administered to 3, 6 and 6 patients,
respectively. Data from all 15 patients were included for evalu-
ation of pharmacokinetic analysis and hemoglobin response. In
all patients, the hemoglobin levels at the time of registration
were <11.0 g/dl. Five patients discontinued this study for the
following reasons: recovery of hemoglobin level to 14 g/dl or
higher, n =1 (36000 IU); adverse effects (rotary vertigo),
n =1 (36000 IU); withdrawal of consent, n =1 (9000 IU);
and disease progression, n = 2 (18000 IU, 36 000 IU).

PHARMACOKINETICS ANALYSIS

The mean baseline serum EPO concentration across all patients
was 77.3 mIU/ml, with a median value of 59.9 mIU/ml, a
minimum of 23.6 mIU/ml and a maximum of 301 mIU/ml.
The 9000 IU group showed the highest mean, attributable to an
extremely high value of 301 mIU/ml in one patient (Table 1).

The time-courses of the mean serum drug concentrations by
dose group are shown in Fig. 1, and a summary of the phar-
macokinetic parameters are given in Table 2.

The power model gave 95% CI of the slope (B) of the Cpax-
dose and AUC;,~dose curves of 0.551-1.388 and 0.532-1.753,
respectively, both including ‘1°.

Characteristic Item Total 9000 TU 18000 IU 36000 IU
Sex Male 8 1 3 4
Female 7 2 3 2
Histology Small cell 10 3 4 3
Large cell 1 0 1 0
Adenocarcinoma 4 0 1 3
ECOG* performance status 0 3 1 1 1
1 12 2 5 5
Prior chemotherapy None 2 0 1 1
Non plantinum based 1 0 0 1
Plantinum based 12 3 5 4
Age (years) Median 69.0 78.0 69.5 68.0
Range 30-78 53-78 54-75 30-71
Hemoglobin** (g/dl) Mean 9.4 9.1 9.2 9.8
Range 6.8-11.4 6.8-11 7.5-10.3 7.1-11.4
Serum Fe (pg/dl) Mean 76.8 111.3 69.5 66.8
Range 17-154 45~154 37-148 17-106
Serum ferritin (ng/ml) Mean 371.9 533.8 254.8 408.0
Range 68.3-786 68.3-786 99.7-509.7 79.6-608.8
Serum endogenous erythropoietin (mIU/ml) Mean 71.3 122.7 70.9 60.1
Range 23.6-301 26.9-301 23.6-158 41.5-74.1

*Eastern Cooperative Oncology Group.

**The hemoglobin levels show the values just before the first administration of erythropoietin.
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Figure 1. Time-course of mean serum drug concentrations of erythropoietin in
each dose group following first dose. The mean drug concentrations for each
group changed in a parallel manner up to 96 h.

Table 2. Summary of descriptive statistics for pharmacokinetic parameters of
erythropoietin following the first dose

PK parameter Unit 9000 TU 18000 TU 36000 TU
n=3 n=6 n=6
(Mean + SD) (Mean £ SD) (Mean + SD)
Cinax miU/ml 308 + 117 678 + 86.7 1316 = 766
AUC;¢ hr-mIU/ml 15300 + 9524 54574 + 16265 88501 + 55687
T2 hr 245+18.1 436220 304 £22.1

Crax and AUC; ¢ increased in an almost dose-proportional manner, whereas 7'
was constant.

TROUGH CONCENTRATIONS

Time-courses of trough concentrations are shown by dose
group in Fig. 2. Considerable variations in trough concentra-
tion occurred over the 8 week period. EPO concentration did
not increase with repeated doses of epoetin beta, suggesting
that drug accumulation did not occur. In some patients, trough
concentrations were extremely high after chemotherapy
(Fig. 3).

RELATIONSHIP OF TROUGH CONCENTRATION WITH BONE
MARROW SUPPRESSION

Time-courses of trough concentrations, hemoglobin levels and
platelet counts in the three patients with markedly elevated
trough concentrations are shown in Fig. 3. In these patients,

" hemoglobin level and platelet count fell during the period in
which trough concentration increased rapidly.

PHARMACODYNAMICS RESULTS

The time-course of mean hemoglobin levels is shown in Fig. 4.
Hemoglobin levels were unchanged at a dose of 9000 IU, but

tended to increase at doses of 18000 and 36000 IU. At 8
weeks, the change of hemoglobin levels from baseline was
—0.37 £ 1.26 g/dl in the 9000 IU group, 2.15 £ 1.36 g/dl in
the 18000 IU group and 2.82 £ 2.17 g/dl in the 36000 IU
group. One patient receiving 9000 IU and two patients receiv-
ing 18000 IU underwent blood cell transfusion. Only one
patient (who received 36 000 IU weekly) exceeded predeter-
mined threshold levels of hemoglobin for discontinuation of
the study.

SAFETY

Once-weekly dosing of epoetin beta was well tolerated in all
study patients, with no life-threatening toxic effects occurring
during the trial. Leucopenia was the most frequent adverse
event (13 of 15), followed by nausea (9 of 15). Other frequent
adverse events were anorexia (7 of 15), diarrthea (7 of 15),
thrombocytopenia (6 of 15), alopecia (5 of 15), fatigue (5 of
15), constipation (4 of 15), elevated serum lactate dehydroge-
nase (4 of 15), insomnia (3 of 15), dizziness (3 of 15), vomiting
(3 of 15), back pain (3 of 15) and elevated aspartate amino-
transferase (3 of 15). These adverse events are typical for this
patient population receiving chemotherapy, and none occurred
in an epoetin dose-dependent manner. Adverse events possibly
associated with epoetin beta occurred in six patients, and these
events were manageable. These adverse events consisted of
grade 3 hypertension and vertigo, grade 2 increased bilirubin,
constipation and hyperkalemia and grade 1 headache, nausea,
vorniting, insomnia, diarthea, mouth dryness, fatigue, neck
pain, rash, hyperventilation, cardiomegaly, hyperkalemia,
hyponatremia, increased phosphorus and increased asparatate
aminotransferase. Only one patient in the 9000 IU cohort
showed grade 3 hypertension from the 7th day of the first
administration to the 65th day. One serious adverse event
(rotary vertigo) occurred in a patient (a 31-year-old
worman); it remitted after around 2 weeks and resolved after
5 weeks. This event was considered by the investigator to be
related to epoetin beta, and the patient therefore discontinued
the study. No antibodies to epoetin beta were detected.

DISCUSSION

Serum EPO levels are reported to be higher in cancer patients
than in healthy adults (8). The results of this study were in
accordance with this, showing higher baseline serum EPO
concentrations in patients than in healthy adults
(8.40 = 3.82, 8.62 £ 5.83 mIU/ml) (9) or renal anemia patients
(23.05 £ 16.63 mIU/ml) (10). In addition, serum EPO concen-
trations in cancer patients exhibited wide variation, from typi-
cal levels in healthy adults to extremely high levels. Overall,
this suggests that the predose endogenous EPO exhibited high
mean serum levels and wide individual differences in cancer
patients with anemia.

In the present study, we have investigated the pharmacoki-
netic characteristics of epoetin beta after the initial dose of
9000, 18 000 and 36 000 IU and have studied the time-course
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Figure 2. Time-course of trough concentrations of erythropoietin in each dose group. (A) 9000 IU, (B) 18000 IU, (C) 36000 IU. Trough concentrations of
erythropoietin did not increase with repeated doses of epoetin beta, suggesting that drug accumulation did not occur.
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Figure 4. Time-course of mean hemoglobin levels in each dose group.
Hemoglobin levels were unchanged at a dose of 9000 IU, but tended to
increase at doses of 18 000 and 36 000 IU.

of trough concentrations after once-weekly repeated dose
subcutaneous administration in anemic lung cancer patients.
The study provides evidence that epoetin beta has almost
linear, dose-dependent pharmacokinetics following subcuta-
neous administration at doses of 9000-36000 IU in cancer
patients.

During the period of once-weekly administrations of epoetin
beta, trough concentrations transiently increased after cancer
chemotherapy in many patients, but did not appear to continue
to increase with repeated administration of epoetin beta. Some
patients showed extremely high trough concentrations that
were correlated with periods of marked thrombocytopenia.
Increases in trough concentrations may be associated with
bone marrow suppression, and this finding is in agreement
with reports showing that busulfan-induced bone marrow
ablation increases serum EPO concentrations (11) and that
chemotherapy increases EPO concentrations in patients with
lenkemia (12,13). Jelkmann reported that elimination of EPO
occurs mainly in bone marrow (14). It is conceivable that
the function of bone marrow could be damaged by chemo-
therapeutic agents after chemotherapy. Elimination of EPO
could decrease in the damaged bone marrow, thereby the
trough levels of EPO could increase.

At 8 weeks, mean changes in hemoglobin levels from base-
line were —0.37 £ 1.26, 2.15 &+ 1.36 and 2.82 £ 2.17 g/dl for
9000, 18000 and 36 000 IU, respectively. Hemoglobin levels
increased with repeated doses of 18 000 IU or more. A dose-
finding study conducted by Sakai et al. (15) in Japanese
patients with lung cancer or malignant lymphoma revealed
a similar pattern of hemoglobin change (0.04 £ 1.98,
1.04 £1.75 and 1.75 +£2.15 g/dl for 9000, 18000 and

36000 IU doses of epoetin beta) and concluded that the
recommended dose was 36 000 IU in chemotherapy-induced
anemic patients. Taken together, these results suggest that
epoetin beta is sufficiently effective for cancer patients with
anemia.

In conclusion, subcutaneous administration of epoetin beta
at doses of 9000-36 000 IU in cancer patients with anemia
yielded pharmacokinetic linearity, with no drug accumulation
caused by repeated doses. Epoetin beta administration at 18 000
U or higher is therefore anticipated to raise hemoglobin levels
without compromising safety.
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Abstract: The charge of the Molecular Biology, Genomics, and
Proteomics in Bronchioloalveolar Carcinoma Committee was to
evaluate the molecular biology, genomic changes, and proteomic
findings in patients with bronchioloalveolar carcinoma compared
with other types of lung cancer. The literature was reviewed and
unpublished information was presented by the committee members
at the session. The molecular biology studies have included findings
on epidermal growth factor receptor (EGFR) mutations, p53 muta-
tions, K-ras mutations, and loss of heterozygosity. The genomic
changes have mostly focused on the mRNA expression arrays as
well as protein studies. The current state of knowledge was re-
viewed, the missing information was acknowledged, and proposals
for future research were identified.

Key Words: Lung neoplasm, Adenocarcinoma, Bronchioloalveolar,
Adenocarcinoma, Carcinoma, Non-small cell lung cancer.
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Litﬂe information is available about p53 mutations and p53
protein overexpression detected by immunohistochemis-
try, microsatellite loss of heterozygosity (LOH), and K-ras
mutafions in adenocarcinoma of the bronchioloalveolar sub-
type, according to the last World Health Organization (WHO)
pathological classification proposed in 1999. However, the
frequency of these molecular abnormalities seems to increase
during the multistep process of carcinogenesis of peripheral
adenocarcinoma going from atypical alveolar hyperplasia
adenocarcinoma to bronchioloalveolar carcinoma (BAC) and
to invasive adenocarcinoma.
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ATYPICAL ADENOMATOUS HYPERPLASIA

There is an increasing body of evidence to support the
concept of atypical adenomatous hyperplasia (AAH) as the
precursor of at least a subset of adenoearcinomas.! AAH is
most frequently detected in lungs from patients bearing lung
cancers (9-20%), especially adenocarcinomas (up to 40%)
compared with squamous cell carcinomas (11%).2 Several
molecular changes frequently present in lung adenocarcino-
mas are also present in AAH lesions, and there is further
evidence that AAH may represent true preneoplastic lesions.!
The most important findings are the presence in AAHs of
K-ras (codon 12) mutations (40%),> loss of LKBI function
(20%),* allelic losses in chromosomes 3p (20%), 9p (pI6™5%,
10%), 9q (50%), 17q, and 17p (TP53, 5%),56 and overex-
pression of cyclin D1 {70%), p53 (ranging from 10 to 60%),?
and survivin (50%).8 Despite the evidence that AAH is a
precursor lesion for a subset of lung adenocarcinomas, there
is general consensus that the pathogenesis of most adenocar-
cinomas is still unknown. The findings of relatively infre-
quent tyrosine kinase domain epidermal growth factor recep-
tor (EGFR) mutations in AAH lesions (three out of 40
examined)®!® and no EGFR mutation!!-12 or relatively low
frequency in true BACs of the lung® support the concept that
genetic abnormalities of EGFR are not relevant in the patho-
genesis of alveolar types of lung neoplasia. In addition, Tang
et al.!? recently reported that ZGFR mutation is an early event
in the pathogenesis of lung cancer, being identified in histo-
logically normal epithelium of small bronchi and bronchioles
adjacent to FGFR mutant lung adenocarcinomas in nine out
of 21 (43%) patients examined, but in none of the patients
without mutation in the tumor. These data further support the
notion than AAH lesions are not involved in the pathogenesis
of EGFR mutant lung adenocarcinomas.

BAC, ADENOCARCINOMA WITH
BRONCHIOLOALVEOLAR FEATURES, AND
ADENOCARCINOMA OF THE LUNG

The frequency of EGFR mutations has-also been stud-
ied in patients with BAC, adenocarcinoma with BAC fea-
tures, and adenocarcinomas of the lung,, Although responses
to EGFR tyrosine kinase inhibitors have been reported to be
higheri4 and EGFR mutations were preferentially observed in
tumors having BAC features,'2!5 we did not find association
with the BAC subtype of adenocarcinoma in 97 cases from
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the United States!! using the criteria stated by the 1999 WHO
classification of lung tumors.6.17

In addition to the WHO system, Noguchi et al.!8.!9 have
classified adenocarcinomas into different categories that have
different frequencies of genetic changes. Koga et al20 re-
ported that p53 mutations were present in approximately 0%
of 17 pure BAC, 11% of 27 mixed adenocarcinoma with
BAC features, and 48% of 101 invasive adenocarcinomas.
Similar to the frequency of mutations, the frequency of p53
protein overexpression detected by immunohistochemistry
increased from 6% (2/32 tumors) in pure BAC to 28%
(27/133) in BAC with foci of active fibroblastic proliferation
(Noguchi type C) and to 40% (14/35) in adenocarcinoma.?!
p53 mutation and protein overexpression were also correlated
with the size and invasive component of small peripheral
adenocarcinomas (=S5 mm: 41%; <5 mm: 20%).22.23

The frequency of allelic losses also increased signifi-
cantly during malignant progression. According to Noguchi’s
classification,'®!® frequencies of allelic losses at chromo-
somal loci 3p, 17p, 18q, and 22q were significantly lower in
BAC with or without alveolar collapse (Noguchi types A and
B, respectively) than in BAC with active fibroblastic prolif-
eration (Noguchi type C) in a series of 66 small peripheral
adenocarcinomas.?*

The frequency and type of K-ras mutation in BAC are
related to the cytological features (mucinous versus nonmu-
cinous). This raises the question of whether the mucinous
form might represent a biological entity separate from the
nonmucinous form. Small series of tumors (all <50) from
patients with adenocarcinoma of the lung show that the K-ras
mutation is present in 73 to 100% of the mucinous types and
that the type of the mutation was usually G to A (codon 12),
whereas it was seen in 10 to 43% in the nonmucinous types,
usually in G to T transversions.?>-27 Mutations at codon 12 of
the K-ras oncogene were found in 39% of 41 AAH, 42% of
18 adenocarcinomas, and none of five lung neoplasms that
were not adenocarcinomas. Of the patients with both an AAH
and a synchronous adenocarcinoma, more than half did not
have the mutation in both the AAH and the synchronous lung
adenocarcinoma, suggesting that peripheral adenocarcinomas
arise not always from AAH but sometimes directly from a
background of field cancerization.?’

Adenocarcinomas with BAC features are also charac-
terized by an intense inflammatory reaction especially con-
taining alveolar neutrophils and macrophages. Increased
numbers of tumor-infiltrating neutrophils are linked to poorer
outcomes in these patients.2® Tumor environment drives local
neutrophil recruitment and activation via C-X-C chemokine
release such as interleukin-8 and epithelial cell-derived neu-
trophil activating protein 78 but also prolongs alveolar neu-
trophil survival through the production of soluble antiapop-
totic factors (granulocyte-macrophage colony-stimulating
factor and granulocyte colony-stimulating factor).??-¢ The
mechanisms by which neutrophils influence the prognosis of
adenocarcinoma with BAC features could be multiple. It has
been postulated that the persistence of neutrophil alveolitis
would result in persistent release of proinflammatory media-
tors such as cytokines, proteases, and reactive oxygen and

nitrogen species that can damage DNA and activate onco-
genes.31:32 Among these factors released by neutrophils, he-
patocyte growth factor seems fo be particularly involved in
the progression of these types of tumors, especially through
its mitogenic and scattering properties, favoring c-Met ex-
pressing tumor-cell migration along the alveolar basal mem-
brane.?? Lastly, neutrophils might be involved in luminal
tumor spread by promoting tumor-cell shedding (M. Wislez,
AACR 2004), described pathologically as the presence of
micropapillary clusters that are also involved in the mecha-
nism of aerogenous progression.?*

GENOMIC AND PROTEOMIC STUDIES OF BAC

As mentioned before, BAC is thought to arise from
AAH and is potentially an intermediate to invasive adeno-
carcinoma. Extensive analyses of BAC using gene-expres-
sion profiling and proteomic-based studies have not yet been
performed and are only available for limited numbers of these
cancers. These types of studies may have the potential to
define similarity or differences in the observed types of adeno-
carcinoma of the lung. Of particular interest is the potential
regulatory pathway involved in the lepidic growth patterns of
BAC, which is different from most other adenocarcinomas of
the lung. The observation that some adenocarcinomas can ex-
hibit regions of BAC provides complexity and has resulted
in multiple pathological-based classifications.!416-1% Genomic
studies have the potential to define the similarities as well as key
differences between BAC, adenocarcinomas with BAC features,
and adenocarcinomas of the lung.

Recent studies examining individual genes have hinted
at differences between BAC and adenocarcinomas. The tu-
mor suppressor in the lung cancer-1 gene encodes an adhe-
sion molecule and is frequently associated with LOH at that
locus in non-small-cell lung cancer. Both normal lung cells
and BAC retain expression of tumor suppressor in lung
cancer-1, whereas 63% of adenocarcinomas demonstrated
decreased expression detected by immunohistochemistry.?s
BACs have very low p53 DNA mutation frequencies com-
pared with adenocarcinomas of the lung.?® LOH at the 3p
FHIT loci was observed in 43% of BAC, and 12th codon
K-ras mutations are detected in the mucinous form of BAC.36

A comparative LOH study between 14 BAC and 20 stage ]

lung adenocarcinomas using nine chromosomal regions re-
vealed that the most frequently affected chromosomal regions
in BAC were 8q and 17p.?” In adenocarcinomas of the lung,
LOH at 1p, 3p, 7q, and 18q was more frequent than in BAC,
and fractional allele loss was greater in adenocarcinomas of
the lung than BAC.

Using immunocytochemistry to examine protein ex-
pression, detection of the thyroid transcription factor-1
(TTF-1), cytokeratin 7, and cytokeratin 20 were measured in
both mucinous and nonmucinous BAC.38 TTF-1 was detected
in 17% of mucinous and 94% of nonmucinous BAC, cyto-
keratin 7 was detected in 100% of mucinous and 23% of
nonmucinous BAC, and cytokeratin 20 was detected in 60%
of mucinous and 0% of nonmucinous BAC.38 In a study that
examined MUC protein expression in AAH, BAC, and ade-
nocarcinomas with BAC features, MUC1 decreased from

i
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AAH to BAC and from BAC to adenocarcinoma, whereas
MUC2, MUC5AC, MUCS, and depolarized MUC6 increased.?®
Alterations in p53 and the increased expression of MUCI,
MUCSAC, and MUCS6 were noted.

ADDITIONAL GENOMIC AND PROTEOMIC
STUDIES

A comparison of normal lung tissue and BAC using
oligonucleotide arrays was reported by Goodwin et al.#0 and
identified 12 up-regulated and six down-regulated genes in
the BAC tumors. Although this analysis provides some in-
formation, a comparison ,0of BAC and adenocarcinomas was
not included, which may be most relevant in defining critical
genes involved in the development of these cancers. We used
oligonucleotide arrays to examine gene expression in 14 BAC
and 73 adenocarcinomas.*! The most highly expressed genes
that were significantly different between the BAC tumors and
adenocarcinomas and higher in BAC included the surfactant
pulmonary-associated proteins Al, A2, C and D, MUCI,
TTF-1 and TTF-3, villin 2, and prostaglandin D2 synthetase.
Interestingly, higher mRNA expression for both fos and jun B
were detected in BAC, which may reflect an elevated AP-1
activity and upstream signaling events in these tumors. The
higher level of expression of surfactant genes is consistent
with the well-differentiated phenotypic characteristics of
BAC. TTF-1 was the most differentially expressed gene
between BAC and adenocarcinomas, consistent with the high
TTF-1 protein expression reported in BAC.?® Because of the
small numbers of tumors for our analyses, it was not possible
to divide the BAC tumors into separate categories such as
mucinous, nonmucinous, and mixed histology. Although we
found MUC1 mRNA present in both BAC and adenocarci-
nomas of the lung, the significantly increased expression in
BAC is consistent with the higher MUCI1 protein levels that
have_been reported in these tumors.3?

Analysis of survival-related genes revealed prostaglan-
din D2 synthetase and neutrophil elastase 2 to be more highly
expressed in BAC than the other adenocarcinomas. In con-
trast, much lower levels of vascular endothelial growth factor
were detected in the BAC, possibly reflecting a lesser level of
angiogenesis and hypoxia in these tumors relative to the
adenocarcinomas. Adenocarcinomas also expressed increased

levels of metallothionein 2A and thioredoxin reductase’

mRNA. We speculate that these genes may correspond to
smoking-related alterations because these genes may change
in response to reactive oxygen species originating from to-
bacco smoking or in response to inflammatory cells. Alter-
nately, the expression of thioredoxin reductase and metallo-

thionein 2 may reflect the higher rates of cell proliferation in
the lung adenocarcinomas relative to BAC.

Few, if any, large-scale proteomic analyses of BAC
have been reported. We examined the same BAC and lung
adenocarcinomas for mRNA using oligonucleotide arrays and
also at the protein level with two-dimensional gel electro-
phoresis and mass spectrometry.#2 A total of 682 protein
spots were quantified, and 75 proteins were found to differ
significantly (p << 0.05) between BAC and lung adenocarci-
nomas. Thirty-eight protein spots were successfully identified
using mass spectometry. Of interest were the relatively higher
expression of the ras-related protein RAB-14, glutathione-s-
transferase-pi, cytokeratin 7, and three isoforms of the sele-
niumn-binding protein 1 in BAC compared with adenocarci-
nomas of the lung. Adenocarcinomas expressed higher levels
of phosphoglycerate kinase 1, pyruvate kinase M1/M2, and
stathmin (OP-18) compared with BACs. Increased phospho-
glycerate kinase 1 is consistent with higher hypoxia-induced
glycolysis in the adenocarcinomas of the lung relative to
BAC.#2

Future studies that include sufficient numbers of the
various histological subtypes of BAC are needed to provide
insight into the similarities and differences among these
tumors and as compared with lung adenocarcinomas. The
NCI Director’s Challenge: Validation Study of Lung Adeno-
carcinomas will examine gene expression using Affymetrix
133A oligonucleotide arrays among approximately 500 tu-
mors. Thus, a relatively large number of BACs will be
included in this study, allowing potential gene pathways to
be defined that may be relevant to our understanding of the
growth- and cell-signaling systems in BAC. These analyses
will also incorporate detailed pathologic assessment of each
tumor so that the subtypes of each BAC can be compared. It
is expected that these data; made available to the research
community, will then stimulate further research into potential
new markers for early diagnosis and possible therapeutic
intervention strategies that may be effective for BAC.

FUTURE DIRECTIONS

The Committee responsible for Molecular Biology,
Genomics, and Proteomics in Bronchioloalveolar Carcinoma
outlined studies that will provide further insights into BAC.
The most important part of the meeting was partial agreement
and understanding about the interpretation of the pathological
classification. The participants in the meeting agreed on a
common set of descriptors for the pathological interpretation
of BAC that will be used more consistently in the future.

TABLE 1. Different Biological Properties in Atypical Adenomatous Hypérplasia, Pure Bronchioloalveolar Cancer,
Adenocarcinoma with Bronchioloalveolar Cancer Features, and Adenocarcinoma

Adenocarcinoma with Bronchioloalveolar

Atypical Adenb";hétous Bronchioloalveolar Adenocarcinoma
Hyperplasia Carcinoma Carcinoma Features of the Lung
EGFR mutation I <5% ’ 10% 1 40%
TP53 mutations Not reported | 0% | 10% 1 50%
p53 by immunohistochemistry Not reported 5% - T 30% T 50%
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Upcoming technological improvements will provide
additional insights into the biology of BAC. These will
include the increasing ability to detect genetic changes in
BAC and adenocarcinomas including, but not be limited to,
EGFR, HER-2/neu, B-raf, K-ras, and TP53. In addition, there
is the ability to detect genetic loss in the whole genome using
studies with single-polynucleotide polymorphisms or array
chromosomal genomic hybridization. There is increasing
ability to use small and smaller amounts of DNA and DNA
from paraffin-embedded tissues. Future studies will provide
information on the degree of genetic changes seen in early
lesions (<lcm) that are bemg detected more often as com-
puterized tomographic scarmmg of the chest is becoming
more widely used. These findings can be compared with the
more advanced lesions. The genetic changes can also provide
insights into the clonality of the BACs to determine whether
the multiple lesions in the lungs arise from single or multiple
clones. Table 1
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Randomized phase lll study of cisplatin plus irinotecan
versus carboplatin plus paclitaxel, cisplatin plus
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Background: To compare the efficacy and toxicity of three platinum-based combination regimens against cisplatin
plus irinotecan (IP) in patients with untreated advanced non-smail-cell lung cancer (NSCLC) by a non-inferiority design.
Patients and methods: A total of 602 patients were randomly assigned to one of four regimens: cisplatin 80 mg/m?
on day 1 plus irinotecan 60 mg/m? on days 1, 8, 15 every 4 weeks (IP) carboplatin AUC 6.0 min x mg/mL (area under
the concentration—time curve) on day 1 plus paclitaxel 200 mg/m? on day 1 every 3 weeks (TC); cisplatin 80 mg/m?
on day 1 plus gemcitabine 1000 mg/m? on days 1, 8 every 3 weeks (GP); and cisplatin 80 mg/m? on day 1 plus
vinorelbine 25 mg/m? on days 1, 8 every 3 weeks (NP).

Results: The response rate, median survival time, and 1-year survival rate were 31.0%, 13.9 months, 59.2%,
respectively, in IP; 32.4%, 12.3 months, 51.0% in TC; 30.1%, 14.0 months, 59.6% in GP; and 33.1%, 11.4 months,
48.3% in NP. No statistically significant differences were found in response rate or overall survival, but the non-
inferiority of none of the experimental regimens could be confirmed. All the four regimens were well tolerated.
Conclusion: The four regimens have similar efficacy and different toxicity profiles, and they can be used to treat
advanced NSCLC patients.

Key words: carboplatin, cisplatin, gemcitabine, irinotecan, non-small-cell lung cancer, paclitaxel, randomized phase
Il study, vinorelbine

introduction chemotherapy, and doublets of platinum and new-generation
anticancer agents are considered standard chemotherapy
regimens for advanced NSCLC, although no consistent standard
regimens have yet been established [8-17].

Two phase I1I studies comparing cisplatin plus irinotecan (IP)
with cisplatin plus vindesine for advanced NSCLC have been
conducted in Japan [18, 19]. Fukuoka et al. [20] reported the
results of a combined analysis of the 358 eligible stage IV
patients in these studies. They carried out a multivariate analysis
using the Cox regression model with adjustment for well-known
prognostic factors, and the Cox regression analysis
demonstrated that treatment with IP was one of significant

Nearly 60 000 patients in Japan died of lung cancer in 2004, and
the mortality rate is still increasing {1]. Even old-generation
cisplatin-based chemotherapy provides a survival benefit and
symptom relief in patients with inoperable non-small-cell lung
cancer (NSCLC) [2]. Several anticancer agents including
irinotecan, paclitaxel, docetaxel, gemcitabine, and vinorelbine,
were developed in the 1990s and most of them have
mechanisms of action that differ from those of the old-
generation agents [3-7]. The combinations of platinum and
these new agents developed in the 1990s are more useful against

advanced NSCLC than old-generation combination

*Comrespondence to: Dr Y. Ohe, Depariment of Intemal Medicine,
National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan.
Teh +81-3-3542-2511; Fax: x+81-3-3542-7006; E-mail: yohe@ncc.go.jp

© 2006 Eurcpean Society for Medical Oncology

independent favorable factor. Based on their data, we selected IP
for the reference arm in our study.

The Ministry of Health, Labour and Welfare of Japan
approved the prescription of paclitaxel, gemcitabine, and
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vinorelbine for NSCLC in 1999 and requested a phase III study
to confirm the efficacy and safety of these agents. The Japanese
investigators and the pharmaceutical companies decided to
conduct a four-arm randomized phase III study for NSCLC, the
so-called FACS, Four-Arm Cooperative Study. The purpose of
the study was to compare the efficacy and toxicity of three
platinum-based combination regimens, carboplatin plus
paclitaxel (TC), cisplatin plus gemcitabine (GP), cisplatin plus
vinorelbine (NP), with IP as the reference arm.

patients and methods

patient selection

Patients with histologically and/or cytologically documented NSCLC were
eligible for participation in the study. Each patient had to meet the following
criteria: clinical stage IV or IIIB (including only patients with no indications
for curative radiotherapy, such as malignant pleural effusion, pleural
dissemination, malignant pericardiac effusion, or metastatic lesion in the
same lobe), at least one target lesion >2 cm, no prior chemotherapy, no prior
surgery and/or radiotherapy for the primary site, age 20-74 years, Eastern
Cooperative Oncology Group performance status (PS) of 0 or 1, adequate
hematological, hepatic and renal functions, partial pressure of arterial
oxygen (pa0,) 260 torr, expected survival >3 months, able to undergo first
course treatment in an inpatient setting, and written informed consent. The
study was approved by the Institutional Review Board at each hospital.
Written informed consent was obtained from every patient.

treatment schedule

All patients were randomly assigned to one of the four treatment groups by
the central registration office by means of the minimization method. Stage,
PS, gender, lactate dehydrogenase (LDH) and albumin values, and
institution were used as adjustment variables. The first group received the
reference treatment, 80 mg/m® of cisplatin on day 1 and 60 mg/m® of
irinotecan on days 1, 8, and 15, and the cycle was repeated every 4 weeks. The
second group received 200 mg/m? of paclitaxel (Bristol-Myers KX.,
Tokyo, Japan) over a 3-h period followed by carboplatin at a dose calculated
to produce an area under the concentration~time curve of 6.0 min X mg/mL
on day 1 and the cycle was repeated every 3 weeks. The third group received
80 mg/m” of cisplatin on day 1 and 1000 mg/m? of gemcitabine (Eli Lilly
Japan K.X., Kobe, Japan) on days 1, 8 and the cycle was repeated every 3
weeks. The fourth group received 80 mg/m’ of cisplatin on day 1 and 25 mg/
m? of vinorelbine (Kyowa Hakko Kogyo Co. Ltd., Tokyo, Japan) on days 1,
8 and the cycle was repeated every 3 weeks. Each treatment was repeated
for three or more cycles unless the patient met the criteria for progressive
disease or experienced unacceptable toxicity.

response and toxicity evaluation

Response was evaluated according to the Response Evaluation Criteria in
Solid Tumors, and tumor markers were excluded from the criteria [21].

Objective tumor response in all responding patients was evaluated by an
external review committee with no information on the treatment group.
Toxicity grading criteria in National Cancer Institute Common Toxicity

Criteria Ver 2.0 were used to evaluate toxicity.

quality of life assessment

Quality of life (QoL) was evaluated by means of the Functional Assessment
of Cancer Therapy—Lung (FACT-L) Japanese version and the QoL
Questionnaire for Cancer Patients Treated with Anticancer Drugs (QoL-
ACD), before treatment, immediately before the second cycles of
chemotherapy, and 3 and 6 months after the start of treatment {22-24).
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statistical analysis and monitoring
The primary end point of this study was overall survival (OS), and the
secondary end points were response rate, response duration, time to
progressive disease (TTP), time to treatment failure (TTTF), adverse event,
and QoL. The 1-year survival rate of the control group in this study was
estimated to be 43% based on the data in published papers, and the 1-year
survival rate in the other treatment group was expected to be 50%. The lower
equivalence limit for 1-year survival rate was set as ‘—~10%’. The criterion for
the non-inferiority of each treatment was a lower limit of the two-sided 95%
confidence interval (CI) of the 1-year survival rate of treatment minus that
of control larger than the lower equivalence limit. Because the non-
inferiority of each treatment versus the control was to be evaluated
independently, a separate null hypothesis was stated for each treatment, and
for that reason no multiple comparison adjustment was included in the
study. Based on the above conditions and binomial distribution, 135
patients were needed per arm for a one-sided Type I error of 2.5% and
80.0% power. In view of the possibility of variance inflation due to
censoring, the sample size was set at 600 (150 per arm).

Central registration with randomization, monitoring, data collection,
and the statistical analyses were independently carried out by a contract
research organization (EPS Co., Ltd, Tokyo, Japan).

results

patient characteristics

From October 2000 to June 2002, a total of 602 patients were
registered by 44 hospitals in Japan. All patients had been
followed up for >2 years, and 447 patients had died as of June
2004. Of the 602 patients registered, 151 were allocated to the
reference treatment, IP, and 150, 151, and 150 patients were
allocated to TC, GP, and NP, respectively. Since 10 patients did
not receive chemotherapy and 11 patients were subsequently
found to be ineligible, 592 patients were assessable for toxicity
and 581 patients were assessable for efficacy. Four patients did
not receive chemotherapy due to electrolytic disorder, fever,
symptomatic brain metastases, and rapid tumor progression in
IP, two patients due to refusal and pneumonia in TC, four
patients due to lower WBC counts (two patients), rapid tumor
progression, and nephritic syndrome in NP. Two patents were
ineligible due to wrong stage in IP, two patients were wrong
stage and one patient had double cancer in TC, two patients
were wrong diagnosis, one patient had massive pleural effusion,
one patient received prior chemotherapy in GP, one patient had
no target lesions in NP. Age, gender, PS, stage, and LDH and
albumin values were well balanced in each arm (Table 1). Fewer
patients with adenocarcinoma and more patients with
squamous cell carcinona were, however, entered in three
experimental arms than in IP.

objective tumor response and response duration

Objective tumor response is shown in Table 2. Forty-five partial
responses occurred in the 145 assessable patients in the reference
arm, IP, for an objective response rate of 31.0% with a median
response duration of 4.8 months. The response rate and median
response duration were 32.4% and 4.0 months in TC, 30.1% and
3.5 months in GP, and 33.1% and 3.4 months in NP. The

response rates in TC, GP, and NP were not statistically different
from the rate in IP according to the results of the % test.
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Table 1. Patient characteristics and treatment delivery

Assessable patients 145 145 146 145
Gender (male/female) 97/48 99/46 101/45 101/44
Age, median (range) 62 (30-74) 63 (33-74) 61 (34-74) 61 (28-74)
PS (0/1) 44/101 44/101 45/101 45/100
Histology
Adenocarcinoma 121 104 108 109
Squamous cell carcinoma 16 31 29 29
Others 8 10 9 7
Stage (IIIB/IV) 31/114 28/117 30/116 26/119
No. of cycles
Mean * SD 3.0 13 35% 15 32%12 3.1% 13
Median 3 3 3
Range 1-7 1-10 1-7 1-8

PS, performance status; SD, standard deviation.

Table 2. Survival, TTP, TTTEF, response rate, and response duration

Koy LA A St e A S S o : i 2 Z : Brstocses

Cisplatin + 145 139 59.2 - 26.5 4.7 3.3 31.0 4.8 (n = 45)

irinotecan )
Carboplatin + 145 12.3 51.0 —8.2% (95% CI —19.6% 10 3.3%) 255 4.5 (P =0.355) 3.2 (P =0.282)* 32.4 (P = 0.801)" 4.0 (n = 47)
paclitaxel

Cisplatin + 146 14.0 59.6 0.4% (95% CI ~10.9% t011.7%) 31.5 4.0 (P =0.170)" 3.2 (P =0.567)" 30.1 (P = 0.868)b 3.5 (n = 44)
gemcitabine

Cisplatin + 145 114 48.3 ~10.9% (95% CI ~22.3% to 0.5%) 21.4 4.1 (P =0.133)" 3.0 (P=0.091)" 331 (P= 0.706)b 3.4 (n = 48)
vinorelbine

*Compared with IP by the generalized Wilcoxon test.
YCompared with IP by the % test.
ClI, confidence interval; IP, cisplatin plus irinotecan; TTP, time to progressive disease; TTTF, time to treatment failure.

0OS, TTP disease, and TTTF hematologic and non-hematologic toxicity
OS and TTP are shown in Figure 1. Median survival time In IP, 47.6% and 83.7% of patients developed grade 3 or worse
(MST), the 1-year, and 2-year survival rate in IP were 13.9 leukopenia and neutropenia, respectively (Table 3). The

months, 59.2%, and 26.5%, respectively. The MSTs, 1-year, and incidences of grade 3 or worse leukopenia (33.1%, P = 0.010)
2-year survival rates were, respectively, 12.3 months, 51.0%, and  and neutropenia (62.9%, P < 0.001) were significantly lower in
25.5% in TC; 14.0 months, 59.6%, and 31.5% in GP; and 11.4 GP than in IP. The incidence of grade 3 or worse leukopenia
months, 48.3%, and 21.4% in NP. The lower limits of the 95% (67.1%, P < 0.001) was significantly higher in NP than in IP.
CI of the difference in 1-year survival rate between IP and TC Grade 3 or worse thrombocytopenia developed in 5.4% of the
(—19.6%), GP (—10.9%), and NP (—22.3%) were below —10%,  patients in IP, and the incidence was significantly higher in GP

which was considered the lower equivalence limit (Table 2). (35.1%, P < 0.001). The incidence of febril neutropenia in IP
Thus, the results did not show non-inferiority in three was 14.3%, and was significantly lower in GP (2.0%, P < 0.001).
experimental regimens compared with reference treatment. Grade 2 or worse nausea, vomiting, anorexia, and fatigue
Median TTP and median TTTF were 4.7 and 3.3 months, occurred in 60.5%, 51.0%, 65.3%, and 38.8%, respectively, of

respectively in IP. Median TTP and TTTF were, respectively, 4.5 the patients in IP. The incidences of grade 2 or worse nausea
and 3.2 months in TC, 4.0 and 3.2 months in GP, and 4.1 and (TC: 25.0%, P < 0.001, NP: 47.3%, P = 0.022), vomiting (TC:
3.0 months in NP. There were no statistical differences in either 22.3%, P < 0.001, NP: 36.3%, P = 0.011), and anorexia (TC:
TTP or TTTF in TC, GP, or NP, compared with IP according to 32.4%, P <0.001, NP: 49.3%, P = 0.005) were significantly lower
the results of the generalized Wilcoxon test (Table 2). in TC and NP than in IP. Grade 2 or worse diarrhea was
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Figure 1. Overall survival (OS) and time to progressive (TTP) disease. TTP and OS in the carboplatin plus paclitaxel (TC) (A, D), cisplatin plus gemcitabine
(GP) (B, E), and cisplatin plus vinorelbine (NP) (C, F) were not statistically significantly different from the values in the cisplatin plus irinotecan.

significantly less frequent in TC (6.8%), GP (8.6%), and NP
(11.6%) than in IP (48.3%, P < 0.001). The incidences of grade
2 or worse sensory neuropathy (16.9%, P < 0.001), arthralgia
(21.6%, P < 0.001), and myalgia (17.6%, P < 0.001) were
significantly higher in TC than in IP. Grade 2 alopecia occurred
in 30.6% of the patients in IP, and its incidence was significantly
higher in TC (44.6%, P = 0.013) and significantly lower in GP
(15.2%, P =0.001) and NP (8.9%, P < 0.001). Grade 2 injection
site reactions were more frequent in NP (26.7%) than in IP
(4.8%, P < 0.001).
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A total of five patients died of treatment-related toxicity: three
in IP (cerebral hemorrhage, interstitial pneumonia, acute
circulatory failure/disseminated intravascular coagulation:
2.0%), one in TC (acute renal failure: 0.7%), and one in NP
(pulmonary embolism: 0.7%).

second-line treatment

Data on second-line treatment, but not third-line or later
treatment, was available in this study, and they showed that
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Table 3. Toxicity

original article

Leukocytes 42 43 5 39 42
Neutrophils 11 39 45 5 19
Hemoglobin 42 24 7 42 13°
Platelets 6 5 1 9 11
Febrile neutropenia - 14 0 - 18
Nausea 32 29 - 14° 11€
Vormiting 38 13 0 17° 5¢
Anorexia 30 33 2 15¢ 17¢
Fatigue 27 12 1 26 2
Diarrhea 33 15 1 4° 3¢
Constipation 27 7 0 30 8
Neuropathy, motor 1 0 0 1 1
Neuropathy, sensory 1 0 0 147 3¢
Alopecia 31 - - 458 -
Arthralgia 2 0 0 204 28
Myalgia 1 0 0 16° 24
Injection site reaction 5 0 - 5 0
Pneumonitis 0 1 1 0 1
Creatinine 8 1 0 2€ 0°
AST 7 1 1 5 1
Fever 2 0 0 5 1
Treatment-related death 3 (2.0%) 1 (0.7%)

3 40 3 225 51° 16°
69 21 40 23° 5 16 72
2 44 22 5 43 25 5
0 22 350 0° 3 1® 0
0 - 2* 0 - 18 0
- 35 23 - 33¢ 14° -
0° 34 14 0 29° 7€ 0°
1¢ 31 26 1 29° 20c 1€
1 17¢ 3¢ 0° 23° 3¢ 0°
0° 7 2 0 8 4¢ 0
0 33 9 0 40¢ 14¢ o¢
1 0 0 0 0 0 0
o? 0 0 0 0 0 0
- 15°¢ - - 9¢ - -
od 0 0 0 1 0
o¢ 0 0 0 1 1 0
- 5 0 - 279 o¢ -
0 0 0 0 0 1 0
o 7 0 0 3 1 0
0 6 3 0 1 3 0
0 1 0 0 1 0 0
0 1 (0.7%)

*Incidence of grade 3 or 4 toxicity significantly (P < 0.05) lower than that with IP.

“Incidence of grade 3 or 4 toxicity significantly (P < 0.05) higher than that with IP.

“Incidence of grade 2 or worse toxicity is significantly (P < 0.05) lower than that with IP.

Incidence of grade 2 or worse toxicity significantly (P < 0.05) higher than that with IP.

GP, cisplatin plus gemcitabine; IP, cisplatin plus irinotecan; NP, cisplatin plus vinorelbine; TC, carboplatin plus paclitaxel.

AST, aspartate aminotransferase; —, no category in the criteria.

60%-74% of the patients received chemotherapy and 6%-9%
received thoracic irradiation as second-line treatment (Table 4).
The percentages of patients in each treatment group who
received second-line chemotherapy were not significantly
different (P = 0.081).

quality of life

The details of the QoL analysis will be reported elsewhere. No
statistically significant difference in global QoL was observed
among the four treatment groups based on either the FACT-L
Japanese version or the QoL-ACD. Only the physical domain
evaluated by QoL-ACD was significantly better in TC, GP, and
NP than in IP.

discussion

Many randomized phase III studies have compared platinum-
plus-new-agent doublets in NSCLC, but, this is the first to
evaluate the efficacy of an irinotecan-containing regimen in
comparison with other platinum-plus-new-agent doublets in
NSCLC [14-17]. Although non-platinum-containing
chemotherapy regimens are used as alternatives, doublets of
platinum and a new-generation anticancer agent, such as TC,
GP, and NP, are considered standard chemotherapy regimens
for advanced NSCLC worldwide [13-17, 25]. Although the non-
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inferiority of none of the three experimental regimens could
be confirmed in this study, no statistically significant differences
in response rate, OS, TTP, or TTTF were observed between the
reference regimen and the experimental regimens. All four
platinum-based doublets have similar efficacy against advanced
NSCLC but different toxicity profiles. Nevertheless, IP was still
regarded as the reference regimen in this study because the
non-inferiority of none of the three experimental regimens
could be confirmed.

OS in this study was relatively longer than previously
reported, The estimated 1-year survival rate in the reference arm
was 43%, but the actual 1-year survival rate was 59.2%, much
higher than expected. The MSTs reported for patients treated
with TC, GP, and NP in recent phase III studies have ranged
from 8 to 10 months, and in the present study they were 12.3,
14.0, and 11.4 months, respectively [14-17]. One reason for the
good OS in this study was the difference in patient selection
criteria, for example exclusion of PS2 patients. Ethnic
differences in pharmacogenomics have also been indicated as
a possible reason for the good OS in this study [26]. The OS in
IP in this study, however, was better than in previous Japanese
studies [18, 19]. TTP in this study ranged from 4.0 to 4.7
months, and was similar to the TTP of 3.1-5.5 months reported
in the literature [15, 16]. OS not TTP was longer in this study
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