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Fig. 1. Kaplan-Meier plot of survival time with erlotinib. (A) Overall survival rates
and (B) progression-free survival rates of 42 patients. MST: median survival time;
mPFS: median progression-free survival.

was found to be the only independent prognostic factor (hazard
ratio=0.23; 95% CI: 0.08-0.64, p=0.005), and time to progression
with gefitinib showed borderline significance (hazard ratio=0.34;
95% Cl: 0.12-1.01, p=0.05).

Kaplan-Meier curves of survival time according to response to
prior gefitinib therapy are shown in Fig. 2. Patients who achieved
PR while receiving gefitinib therapy showed significantly longer
0S (p=0.014). However, no significant difference was noted in PFS
between patients with PR for gefitinib and those with non-PR (4.7
months [95% CI: 2.9-6.5 months] vs. 1.8 months [95% CI: 1.4-2.2
months]; p=0.122). Time to progression with gefitinib showed a
borderline significant impact on survival with erlotinib therapy.
However, among patients who achieved PR with gefitinib, TTP
with gefitinib therapy was strongly correlated with survival time.
Kaplan-Meier curves of survival time for patients who achieved
PR with gefitinib stratified according to TTP are shown in Fig. 3.
Patients with TTPs of less than 12 months with gefitinib ther-
apy were found to have significantly longer OS (10.3 months [95%
Cl: 7.0-13.6 months] vs. 6.4 months [95% CI: 2.6-10.2 months];
p=0.04) and longer PFS (6.4 months [95% CI: 3.6-9.2 months] vs. 3.4
months [95% CI: 1.2-5.6 months]; p=0.19) than patients with TTPs
of 12 months or more. However, no statistically significant differ-
ence was noted between the two groups in terms of PFS (p=0.19).

Fig. 2. Kaplan-Meier plot of survival time with erlotinib. (A) Overall survival rates
and (B) progression-free survival rates stratified by response to prior gefitinib. Non-
PR is defined as SD plus PD with gefitinib therapy.

In addition, we found that skin rash was not predictive of sur-
vival with erlotinib therapy. All patients in the present study were
affected by rash of some grade while receiving erlotinib. The degree
of skin rash toxicity due to erlotinib exceeded the grade noted dur-
ing gefitinib treatment in 32 patients. Seven patients required dose
reduction of erlotinib due to grade 3 skin rash. Using a Cox propor-
tional hazard model, we determined that skin rash grade had no
impact on survival (hazard ratio = 0.64[95% CI: 0.27-1.47]; p=0.29).

4. Discussion

Here, we investigated survival potential in patients receiv-
ing erlotinib after failure of gefitinib, focusing on response and
TTP with gefitinib. Our findings suggest that administration of
erlotinib subsequent to gefitinib may exert survival benefit in for-
mer gefitinib-positive responders. Further, among those former
responders, most with TTP <12 months may not yet have sec-
ondary resistance to EGFR-TKIs. Our findings suggest little chance
for patients to achieve a high response with erlotinib therapy after
experiencing progression with gefitinib therapy. This observation
may be due to these two EGFR TKIs sharing the same mechanism
of EGFR blockade or to cross resistance [5].

Our retrospective study showed that response achieved with
prior administration of gefitinib was the only prognostic factor
for subsequent erlotinib therapy after experiencing progression
on gefitinib therapy. In particular, among patients who achieved
PR with gefitinib, patients with TTPs of less than 12 months with
gefitinib therapy were found to have significantly longer OS than
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Fig.3. Kaplan-Meier plot of survival time for patients who achieve PR with gefitinib.
(A) Overall survival rates and (B) progression-free survival rates stratified by TTP
with gefitinib.

patients with TTPs of 12 months or more. In addition, most of
these patients showed some degree of improvement in image find-
ings after subsequent erlotinib therapy. We noted no EGFR T790M
mutations in any of three patients who underwent a second biopsy
of their progressed lesions after failure with gefitinib therapy. We
therefore supposed that most patients with TTP <12 months may
have not yet acquired the EGFR T790M mutation. However, we only
investigated the presence of a secondary EGFR T790M mutation in
three patients in the present study. Validation of this hypothesis
will require collection of more molecular information from patients
who are no longer responsive to gefitinib in the future.

Shepherd et al. demonstrated that TTP was 2.6 months in NSCLC
patients who had previously been treated with docetaxel therapy
[20]. We observed that PFS was 3.4 months in patients with TTP >12
months who achieved PR in our study, a duration which appears
improved over that demonstrated by Shepherd et al. Given these
findings, we posited that, regardless of duration of gefitinib ther-
apy, subsequent erlotinib may be able to prolong PFS compared to
chemotherapy with cytotoxic agent provided the patients demon-
strated a positive response with gefitinib. However, given that our
results were obtained in a retrospective study with an extremely
small sample population, a prospective study is warranted to clar-
ify whether or not erlotinib administered subsequent to gefitinib
can elicit greater survival benefit in gefitinib-positive responders
than chemotherapy with cytotoxic agents.

We noted here that treatment with erlotinib following gefitinib
resulted in more toxic grades of skin rash in patients, findings which
suggest that erlotinib may have greater biological activity than
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gefitinib. Several other investigators have also suggested based on
their own findings that erlotinib may have higher biological activity
than gefitinib. Costa et al. showed that differing efficacy between
gefitinib and erlotinib was due to differences in commonly admin-
istered dosages between the two drugs [21]. Gefitinib (250 mg
per day) is typically administered at one third of its maximum-
tolerated dose, whereas erlotinib (150 mg per day) is administered
at its maximum tolerated dose. In vitro data showed that the mean
concentration of gefitinib was 0.24 ug/ml at the 300-mg daily dose
and 1.1 pg/ml at 1000 mg/day. In contrast, median concentration
of erlotinib at 150 mg/day was 1.26 j.g/ml. These previous findings
suggest that erlotinib (150 mg/day) has a higher biological dose of
EGFR inhibition than gefitinib (250 mg/day).

Recent studies have demonstrated that the increased biological
activity of EGFR-TKIs is associated with control of tumor clones.
Yoshimasu et al. reported observing a dose-response relationship
between inhibition rates and gefitinib concentration [22]. Clarke
et al. reported that high-dose erlotinib was effective in controlling
leptomeningeal metastases progression while receiving standard
erlotinib therapy in EGFR-mutant patients [23]. These authors
demonstrated that a weekly 1200-mg dose of erlotinib controlled
leptomeningeal metastases in a patient who was no longer respon-
sive to a standard daily dose of erlotinib (150 mg).

Our findings here suggest that a treatment duration of 12
months of gefitinib therapy may be the borderline period for tumor
clones to attain resistance to EGFR-TKIs. However, speculation as
to whether or not previously EGFR-TKI-sensitive clones gradually
grow resistant to EGFR-TKIs has not been resolved. Further studies
are necessary to validate our findings.

In conclusion, gefitinib responders may achieve survival ben-
efits from erlotinib therapy after experiencing progression with
gefitinib. Among patients who have been receiving gefitinib ther-
apy for less than 12 months, tumor clones may not yet have
acquired a secondary mutation. However, further studies are
needed to clarify precisely how tumor clones attain such secondary
resistance to EGFR-TKIs.
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Abstract

Purpose: To examine an association between environmental tobacco smoke (ETS) and activating
epidermal growth factor receptor (EGFR) mutations in never-smokers with non-small cell lung cancer
(NSCLC).

Experimental Design: A total of 126 never-smokers with NSCLC were prospectively included in this
study. Detailed ETS information was obtained through a standardized questionnaire including exposure
period, place, and duration. Cumulative dose of ETS (CETS) was evaluated as a sum of the number of the
exposure years at home and/or workplace. EGFR and K-ras mutations were determined using real-time PCR
amplification.

Results: A total of 124 patients (98.4%) had ETS exposure with median CETS of 50 years (range: 0-118).
Activating EGFR mutations were detected in 62.7% of the 126 patients and K-ras in 2 of 114 patients. The
incidence of activating EGFR mutations was significantly higher in females than in males (67.6% vs. 26.7%;
P = 0.002), and increased in quintile groups separated on the basis of CETS (shortest group = 44.0%,
longest = 84.6%; P = 0.0033). In the multivariate logistic regression model, including gender, CETS, age,
and family history of cancer, both gender and CETS were significantly associated with an incidence of
activating EGFR mutations; the odds ratio for the EGFR mutations were 5.13 [95% confidence interval,
CI = 1.47-18.0; P = 0.0105] for females and 1.02 (95% CI = 1.00-1.04; P = 0.0193) for each 1-year
increment in CETS.

Conclusions: Females and increased ETS exposure are closely associated with EGFR mutations in never-

smokers with NSCLC. Clin Cancer Res; 17(1); 39-45. ©2010 AACR.

Introduction

Although lung cancer is the leading cause of cancer-
related death and is predominantly caused by tobacco
smoke, approximately 25% of all lung cancers worldwide
are not attributable to tobacco smoke (1). In fact, there
were about 30% never-smokers in Japan in a large cohort
study including more than 20,000 patients with non-small
cell lung cancer (NSCLC; ref. 2).
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Lung cancer in never-smokers is unique in clinical char-
acteristics and is suggested to be a distinctive disease. When
considered as a separate category, lung cancer in never-
smokers would constitute the seventh most common cause
of cancer death worldwide (3, 4).

Recently, molecular biological studies showed that epi-
dermal growth factor receptor (EGFR) mutations are
detected in almost 60% of NSCLC in never-smokers (5),
and the mutations happened exclusively in bronchial tree
(6, 7). It has been suggested that lung cancer arises through
different molecular mechanisms according to smoking
status, and EGFR mutations are associated with never-
smokers and K-ras mutations in ever-smokers; both muta-
tions are almost exclusively found in adenocarcinomas (3).
A high frequency of EGFR mutations in NSCLC in never-
smokers leads to the conclusion that these mutations are
one of the important biomarkers to clarify the disease.

Although several possible explanations have been pro-
posed, the cause of lung cancer in never-smokers still
remains unclear. Explanations include environmental
tobacco smoke (ETS) exposure (8), radon exposure (9),
occupational exposure (10), oncogenic virus (11), genetic
change (12), and estrogen hormone (13, 14). A Japan
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Translational Relevance

Although there has been a growing interest in lung
cancer in never-smokers and significant body of work,
the cause still remains unclear. Several possible expla-
nations have been proposed including exposure of
environmental tobacco smoke (ETS). Molecular biolo-
gical studies have suggested that epidermal growth
factor receptor (EGFR) mutations seem to play a critical
role in the carcinogenesis of lung cancer in never-smo-
kers, and the mutations are exclusively observed in
bronchial tree. We hypothesized that development of
the mutations are associated with ETS, and we con-
ducted prospective study using a detailed questionnaire
to evaluate the association. Here we showed that female
i gender and longer exposure to ETS are closely associated
with EGFR mutations in never-smokers with non-small
cell lung cancer (NSCLC).

Public Health Center-based prospective study showed that
second-hand smoke exposure is clearly related to the devel-
opment of lung adenocarcinoma in never-smokers in Japan
(8). The study identified a statistically significant dose-
response relationship between the quantity and intensity of
husbands’ smoking and their wives’ incidence of lung
cancer.

Given this background, we hypothesized that develop-
ment of EGFR mutations are associated with ETS exposure,
and we conducted prospective study using a detailed ques-
tionnaire to evaluate the association.

Patients and Methods

Data collection

We consecutively enrolled prospective patients with
newly diagnosed, histologically or cytologically proven
NSCLC between March 2008 and January 2010 in National
Kinki-chuo Chest Medical Center. Patients who were never-
smokers (<100 cigarettes in the lifetime) and whose tumor
tissue samples were available for analysis were eligible for
the study. ETS was defined as regular exposure to tobacco
smoke produced by an active smoker within a confined
space for at least 1 year.

Detailed ETS information was obtained through a stan-
dard questionnaire that was carefully supported by inter-
view by trained personnel. The questionnaire included
items for years of ETS exposure from parents and other
relatives as a child, years of ETS exposure from spouse/
partner and/or children at home, and years of ETS exposure
from co-workers at workplace. We also included family
history of cancer in first-degree relatives (parents, siblings,
and offspring) and menopausal status, if the patients are
female. This study was approved by the institutional review
board of the National Hospital Organization Kinki-chuo
Chest Medical Center. All patients gave their written
informed consent before enrollment.

EGFR and K-ras mutation analysis

A genetic analysis was done to detect EGFR mutations
from exons 18 to 21 and codon 12, and 13 mutations in
exon 1 of K-ras gene. The nucleotide sequence of the kinase
domain of the EGFR gene was determined using PCR-
INVADER assay of the individual exons (15), and that of
K-ras was done using real-time PCR amplification and

genotyping (16).

Statistical analysis

The cumulative dose of ETS (CETS) exposure was
assessed in total smoker-years. This assessment was con-
structed to add exposure years of ETS from the 3 different
parts in the questionnaire: 1) from parents and/or other
relatives in his/her childhood; 2) from spouse/partner and/
or children at home; and 3) from co-workers at a work-
place. In each part, the same year was counted only once to
avoid overlap of exposure periods from the different
sources (e.g., in part 2, exposure from a spouse at age
30-50 years and his/her child at age 25-35 years would
present a total ETS as 25, and if total ETS was 20 from part 1
and 3 respectively, the CETS of the patient would be 20 +
25 + 20 = 65).

Assuming the proportion of patients with activating
EGFR mutations to be 60% among never-smokers with
NSCLC, we planned to recruit at least 100 patients to detect
a 10-year difference in CETS between EGFR mutation
positive and negative populations at a significance level
of 0.05 with a 90% statistical power.

All patients were divided into quintile groups by CETS.
Significant differences in the variables were tested using the
Pearson’s, chi-square, Fisher’s exact, and Mantel extension
tests, wherever appropriate.

The odds ratios for the risk of activating EGFR mutations
were calculated in a multivariate logistic regression model,
including gender, ETS exposure, age, and family history of
lung cancer in all the patients and those with adenocar-
noma, respectively. To evaluate a dose-response relation-
ship closely, CETS was treated as a continuous variable or
quintile in the model. In the quintile model, the odds ratios
for the second, third, fourth, and longest quintiles relative
to the shortest were calculated. To test for a linear trend
across the quintiles, we coded each quartile as 0, 1, 2, 3, or
4, and then included it in the model as a single variable. All
the statistical analyses were done with SAS version 9.2 (SAS
Institute).

Results

Clinical characteristics

A total of 126 patients were enrolled, and characteristics
are summarized in Table 1. Among those, 124 patients
(98.4%) had the ETS exposure, and the median CETS was
50 years (range: 0-118). Most patients were female
(88.1%) with an adenocarcinoma histologic type
(96.8%). The median age was 65 years (range: 29-88 years)
in all the patients; 67 years (29-88 years) in females and 54
years (36-75 years) in males. About 23% of the patients
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Table 1. Characteristics and activating EGFR mutations
CETS EGFR Site of activating
mutations mutations
Number Frequency, P Number Frequency, P Number P
(CETS % (mutation % _—
<50/total) +/total) Exon 19 Exon 21
Gender
Male 10/15 333 0.213 4/15 26.7 0.002 2 2 0.855
Female 55/111 49.5 75/111 67.6 34 M
Histology
Adenocarcinoma 63/122 51.6 0.512 79/122 64.8 0.031 36 43 1.000
sQ 1/3 33.3 0/3 0 0 0
LCNEC n 100 on 0 0 0
Family history of cancer
Yes 10/22 455 0.527 15/22 68.2 0.558 5 10 0.290
No 55/104 52.9 64/104 61.5 3 33
Age at diagnosis, y
30-39 3/3 100 0.029 0/3 0 0.005 0 0 0.016
40-49 9/11 81.8 5/11 455 4 1
50-59 14/25 56.0 14/25 56.0 6 8
60-69 10/29 34.5 20/29 69.0 14 6
70-79 24/44 54.5 27/44 37.0 9 18
80 or older 514 35.7 13/14 929 3 10
Menopausal age, y
Premenopausal 3/5 60.0 0.343 3/5 60.0 0.23 2 1 0.825
50 or younger 23/39 59.0 22/39 56.4 10 12
51 or older 27/60 45.0 44/60 73.3 20 24
Unknown 2/7 28.6 6/7 85.7 2 4
Abbreviations: SQ, squamous cell carcinoma; LCNEC, large cell neuroendocrine carcinoma.

were more than 75 years in this population, and age was
significantly associated with cumulative ETS, as expected.

EGFR and K-ras mutations

Genetic analysis was successfully done for EGFR status
on all 126 patients from paraffin-embedded samples. Acti-
vating mutations were detected in 79 of 126 patients
(62.7%), consisting of 36 in-frame deletions in exon 19,
43 L858R in exon 21, and the other 4 mutations were
detected in 2 G719C in exon 18, 1 in-frame deletion in
exon 18, and 1 T790M in exon 20. Forty-two samples were
positive for EGFR mutations in the 66 surgical specimens,
33 in the 51 biopsy samples from bronchoscopy, and 8 in
the 9 cytology samples from pleural effusion. There was no
significant difference in EGFR detection rates among sam-
ple sources (P = 0.707). The remaining samples after EGFR
analysis were 114, enough for K-ras analysis. Mutations
were detected in 2 of 114 patients, and both were point
mutations in codon 12, one of which was a G to C
transversion and the other a G to A transition, respectively.
No mutation was detected in codon 13. When the patients
were categorized into 2 groups on the basis of EGFR status,
incidence of the mutations was significantly higher in
females and according to age (P = 0.002, P = 0.005).

When the female patients were divided into 2 groups on
the basis of menopausal age, there was no association
between them. There was no significant association
between family history of cancer and EGFR mutations.
When separated by exon 19 and exon 21 mutations in
the 79 cases, the elderly tended to have exon 21 EGFR
mutations.

ETS exposure and activating EGFR mutations

We examined the association between cumulative ETS
and activating EGFR mutations in the quintile groups
separated by cumulative ETS. As presented in Figure 1,
the incidence of EGFR mutations increased (shortest
group = 44.0%; second group = 64.0%; third group =
48.0%; fourth group = 72.0%; longest group = 84.6%;
P = 0.0033).

Next, we examined the association between the type of
ETS and EGFR mutations (Table 2). The odds ratios for the
EGFR mutations were analyzed for each 1-year increment
in the total ETS. In Japan, age of 20 years is traditionally
defined as reaching adulthood; also, home and workplace
are major, separate places to live. We divided the patients
into 2 groups on the basis of CETS in period by age of 20
years (childhood or adulthood) and place (household or
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Figure 1. Association between
cumulative ETS and activating
EGFR mutations. The horizontal
line is exposure period of ETS, and
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workplace). There was a significant association between
adulthood exposure (P = 0.0136) and household exposure
(P = 0.0049), and EGFR mutations.

Impact of female gender and ETS on EGFR mutations

In the multivariate logistic regression model, including
gender, cumulative ETS, age, and family history of lung
cancer, both gender and cumulative ETS were significantly
associated with the incidence of EGFR mutations in all
cases (Tables 3 and 5) and in adenocarcinoma (Tables 4
and 6). When cumulative ETS was evaluated as continued
variable in all cases (Table 3), the odds ratios for the EGFR
mutations were 5.13 (95% CI = 1.47-18.0; P = 0.0105) for
female gender, 1.02 (95% CI = 1.00-1.04; P = 0.0193) for
each 1-year increment in CETS, 1.05 (95% CI = 0.48-2.33;
P = 0.9014) for age, and 1.32 (95% CI = 0.46-3.83; P =
0.6040) for family history of cancer. In the quintile models
(Tables 5 and 6), gender and CETS were also significantly
associated with EGFR mutations. Moreover, the exposure
duration of ETS of more than 68 years was the only
significant effect on the mutations (Odds ratio = 5.44,
95% CI = 1.40-21.1; P = 0.0144).

Discussion

We demonstrated the occurrence of activating EGFR
mutations were significantly associated with female gender

and long exposure of ETS in NSCLC in never-smokers in
this prospective study. A large randomized clinical study,
IRESSA Pan-Asian Study (IPASS; ref. 17), demonstrated
that females and elderly had more EGFR mutations. The
study included about 1,200 Asian never/light, former smo-
kers with NSCLC and more than 90% of the patients were
never-smokers. The rate was 63.0% for females versus
49.0% for males, and 68.5% for more than 65 years old
versus 56.7% for less than 65 years old. Elderly patients
have a chance for longer exposure to ETS and females have
a higher chance of being exposed to ETS from a spouse, and
this study accords well to our results.

EGFR mutations were detected in 65.9% in all the
patients, and the 2 activating mutations of exon 19 dele-
tions and L858R point mutations accounted for about
95.2% of all mutations included. Also, in this population,
there were 2 patients who had K-ras mutations, and they
were all EGFR wild type. These results are consistent with
the previous published data (17, 18).

It has been reported that the development of activating
EGFR mutations is inversely proportional to pack-years of
smoking (19, 20). That carcinogen from cigarettes is similar
in toxic effect for active and passive smoking and our results
that longer exposure of ETS are significantly associated with
EGFR mutations may be contradictory. However, we also
demonstrated that the duration of exposure beyond a
certain amount only affected the mutations. According

Table 2. Type of passive smoking and activat-
ing EGFR mutations

Odds 95%Cl P
ratio®
Exposure period
Childhood (19 y or younger) 1.01  0.96-1.05 0.8032

Adulthood (20 y or older) 1.02 1.01-1.04 0.0136
Exposure place

Household 1.03 1.01-1.05 0.0049

Workplace 099 0.97-1.02 0.7793

20dds ratio for 1-year increment in CETS.

Table 3. Multivariate analysis on activating
EGFR mutations

Odds 95% CI P

ratio
CETS (continuous) 1.02 1.00-1.04  0.0193
Gender (female/male) 513 1.47-18.0  0.0105
Age at diagnosis 1.05 0.48-2.33  0.9014
(65 years/<65 years)
Family history of 1.32 0.46-3.83 0.6040

cancer (yes/no)

NOTE: Risk of activating EGFR mutations (all cases).
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Table 4. Multivariate analysis on activating
EGFR mutations

Odds 95% ClI P

ratio
CETS (continuous) 1.02 1.00-1.04  0.0280
Gender (female/male) 5.63 1.60-19.8  0.0070
Age at diagnosis 1.13 0.50-2.55 0.7757
(65 years/<65 years)
Family history of 1.18 0.40-3.44 0.7659
cancer (yes/no)

NOTE: Risk of activating EGFR mutations (adenocarci-
noma).

to the study of diagnostic accuracy for the mutations, the
optimal cutoff for predicting a positive was less than about
15 pack-years in cumulative dose (19, 20). We speculate a
mechanism that low dose of tobacco carcinogens and long
exposure induce activating EGFR mutations regardless of
smoking status (Fig. 2). Another important aspect is that
mainstream smoke and sidestream smoke from tobacco
combustion are different, and sidestream smoke is pro-
duced at a lower burning temperature, and the quantities of
its chemical constituents in both vapor and particulate
phases differ from those of mainstream smoke (21). Muta-
tional spectrum may possibly be different depending on
the intensity and duration of tobacco exposure. In addi-
tion, formation of carcinogens indoors by surface-
mediated reactions of nicotine with nitrous acid was
recently reported to lead to potential third hand smoke
hazards (22). Development of EGFR mutations may be

Table 5. Multivariate analysis on activating
EGFR mutations
Odds 95%Cl P
ratio
CETS (quintile group) Trend
P =0.0131
1st (shortest) Reference
2 2.35 0.72-7.71 0.1579
ard 1.15 0.36-3.65 0.8084
4" 3.33 0.99-11.3 0.0528
5th (longest) 5.44 1.40-21.1 0.0144
Gender (female/male) 4.67 1.31-16.7 0.0177
Age at diagnosis 1.07 0.47-2.40 0.8779
(65 years/<65 years)
Family history of 1.35 0.45-4.07 0.5925
cancer (yes/no)
NOTE: Risk of activating EGFR mutations (all cases).

Table 6. Multivariate analysis on activating
EGFR mutations

Odds 95%Cl P

ratio
CETS (quintile group) Trend
P = 0.0201
1st (shortest) Reference
gnd 2.20 0.66-7.33 0.1986
a™ 1.47 0.43-4.97 0.5363
4t 3.07 0.90-10.5 0.0742
5th (longest) 4.93 1.25-19.4 0.0224
Gender (female/male) 5.09 1.36-15.5 0.0122
Age at diagnosis 1.14 0.50-2.62 0.7593
(65 years/<65 years)
Family history of 1.19 0.40-3.60 0.7538

cancer (yes/no)

NOTE: Risk of activating EGFR mutations (adenocarci-
noma).

associated with this third chemical that may affect healthy
subjects in a time-lag manner.

According to our study and other epidemiologic studies
(8), ETS play some part in the development of NSCLC in
never-smokers. Based on reduced consumption of tobacco
in the United States and Japan, the incidence of the disease
will decrease as well. However, it is still uncertain that
whether the actual number of never-smokers with NSCLC
will increase or decrease (23). Defining molecular biomar-
kers for tumors in never-smokers remains a work in pro-
gress. Etinoderm microtubule-associated protein-like 4-
anaplastic lymphoma kinase (EML4-AKT) gene dislocation
has been discovered apart from EGFR mutations (24) that

Intensity of tobacco carcinogen

Ever-

smokers

Never- EGFR mutations

smokers G
Duration of ETS and/or

active smoking exposure

Figure 2. A model for relationship between activating EGFR mutations and
amount of tobacco carcinogen. The horizontal line is duration of passive
and/or active smoking exposure, and the vertical line is intensity of
tobacco carcinogen. Low-dose tobacco carcinogens and long exposure
induce activating EGFR mutations regardless of route of exposure (active
or passive).
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is also specific for never-smokers, and some of the tumors
were reported to relate to K-ras transition and HER2 muta-
tions (25). The influence of ETS was modest, and more
comprehensive approaches are required.

Recently, a study on relationship between ETS and acti-
vating EGFR mutations was reported from Korea (26). The
approach was similar to ours, but the results were incon-
sistent. Gender was not associated with the mutations,
which was more frequently observed numerically in males
in the study. Also, long ETS exposure was inversely asso-
ciated with EGFR mutations, which is opposite to our study.
One possible explanation for the difference is duration of
the exposure. Frequency of the patients exposed to never-
ETS was 24.6% in Korea and 1.6% in ours, and the median
total exposure was 30 years in Korea whereas it was 50 years
in ours. As mentioned above, the duration of the exposure
beyond a certain amount of time was important for muta-
tion development. In fact, EGFR mutation rate in never-
smokers was 44.1% in that study that is lower compared
with about 60% from Japanese studies (5, 20, 27), and the
IPASS (17). Another possible explanation is intensity or
concentration of ETS that may be different between the 2
studies. Although intensity of ETS may have a different
impact on the development of the mutations, it is still
difficult to grade and evaluate it. In fact, our questionnaire
included ETS intensity, whereas most of the patients
declined to fill them for inaccuracy of their memory, parti-
cularly asa child or atworkplace. Because of few reply of ETS
intensity in the questionnaire, we did not include them for
analysis in this study, and further study may be required.

The main limitation of our study is lack of validation for
the questionnaire because of the potential for recall bias by
the patients. However, because there has been no biomar-
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Abstract

Purpose 1.Y2181308 is an antisense oligonucleotide that
complementarily binds to survivin mRNA and inhibits its
expression in tumor tissue. This phase I dose escalation
study evaluated the tolerability, pharmacokinetics, and anti-
cancer activity of LY2181308 in Japanese.

Methods Patients with solid tumors refractory to stan-
dard therapy received LY2181308 (400, 600, or 750 mg) as
a 3-h intravenous infusion for 3 consecutive days and there-
after once a week.

Results  1.Y2181308 was administered to 14 patients, aged
44-73 (median 60) years. Flu-like syndrome, prolonged
prothrombin time-international normalized ratio (PT-INR),
thrombocytopenia, and fatigue were common reversible
grade 1/2 toxicities. The dose-limiting toxicity was revers-
ible grade 3 elevation of ALT/AST/y-GTP in 1 patient
treated at the 750-mg dose. Pharmacokinetic analysis
showed a long terminal half-life of 21 days and an exten-
sive tissue distribution of L'Y2181308. In 12 evaluable
patients, one patient had stable disease, while the remaining
11 patients had progressive disease.
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Conclusions 1.Y2181308 monotherapy is well tolerated
up to 750 mg with a manageable toxicity, the pharmacoki-
netic profile warrants further evaluation of LY2181308 in
combination with cytotoxic agents or radiotherapy.

Keywords Antisense oligonucleotide -
Pharmacokinetics - Phase I - Survivin

Introduction

Survivin, a member of the inhibitor of apoptosis family of
proteins (IAP), regulates apoptosis and promotes cell pro-
liferation [1]. Survivin is highly expressed during fetal
development and rarely detectable in normal adult tissues
[1]. However, overexpression of survivin has been reported
in the vast majority of solid tumors and leukemias [2, 3].

LY2181308 is a novel second-generation antisense oli-
gonucleotide (ASO) designed to complementarily bind to
human survivin mRNA, inhibit the gene/protein expres-
sion, and consequently restore the normal apoptotic path-
way in cancer cells. The antitumor activity of LY2181308
is correlated with inhibition of survivin [4, 5]. Furthermore,
LY2181308 potently inhibited the expression of survivin
mRNA and protein in human tumor cell lines [6]. These
results justified its evaluation in clinical studies. Recently, a
first-in-human dose study established the tolerability of
LY2181308 at 750 mg [7]. ASOs are known to accumulate
in the liver, where they can cause off-target hepatic toxici-
ties [8].

In Japanese patients, genetic variations that influence
metabolism and safety of anticancer drugs, such as UDP-
glucuronosyltransferase (UGT) 1A1 and multidrug resis-
tance protein (MRP) 1, have been identified [9]. Also, there
are genetic variations that can predispose Japanese patients
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to an altered response to inflammation as highlighted
by polymorphisms of the TNF gene [10]. Because ASO
administration is associated with complement activation
leading to subsequent inflammatory reactions, including
TNF release [11], Japanese patients may be more suscepti-
ble to ASO administration and its associated off-target
inflammation. Hence, the objective of this study is to deter-
mine the tolerability, pharmacokinetics, and anticancer
activity of LY2181308 in Japanese patients with advanced
solid tumors.

Materials and methods
Patient eligibility

Patients with malignant solid tumors were eligible after
failing standard therapies or if there was no approved
treatment available. Eligibility criteria included: age 20-75
years; Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) O or 1; adequate bone marrow,
hepatic, renal, and coagulative function (absolute neutro-
phil count >1,500/pl, platelet count >100,000/ul, hemo-
globin level 9.0 g/dl, total bilirubin < upper limit of normal
range [ULN], aspartate aminotransferase [AST] or alanine
aminotransferase [ALT] < 2.5 times ULN, estimated
creatinine clearance > 50 ml/min, normal prothrombin
time-international normalized ratio [PT-INR, 0.8-1.2], and
normal activated partial thromboplastin time [APTT,
23-40 s]); discontinuation of prior anticancer therapy
28 days before enrollment to this study or conclusion of
palliative radiotherapy 14 days prior to starting on study;
written informed consent. Exclusion criteria included the
following: diagnosed pregnancy or ongoing lactation;
symptomatic brain metastasis; active hepatitis B, C, or
human immunodeficiency virus (HIV); and concomitant
use of any anticoagulant drugs. The protocol was approved
by the Institutional Review Board. The study was consis-
tent with Good Clinical Practice and all applicable laws and
regulations in Japan.

Drug administration and dose escalation procedure

LY2181308 (Eli Lilly and Company, IN, USA) was
administered via intravenous infusion over 3 h on day 1-3
of the initial cycle (cycle 1 [day 1-7]) as a loading dose and
then once a week as maintenance dose (cycle 2 [day 8-28]
and onwards [28 days/cycle]). The content of each vial
containing 100 mg in 4 ml of buffer was added to 500 ml
of saline. The starting dose was 400 mg, with subsequent
dose escalations to 600 and 750 mg in a classical 3 + 3
design. Dose-limiting toxicities (DLTs) were evaluated
ateach dose level (400:600:750 mg = 3:3:6 patients).

@ Springer

The maximum tolerated dose (MTD) was defined as the
highest dose level at which no or one patient experienced
aDLT.

DLT was defined as any event that met at least one of the
following criteria: (1) febrile neutropenia or grade 4 neutro-
penia persisting more than 4 days; (2) grade 4 decreased
hemoglobin or thrombocytopenia, or thrombocytopenia
requiring blood transfusion; (3) grade 3 APTT prolongation
observed at the end of the study drug administration and
persisting >48 h after administration; (4) non-hematological
toxicities of grade 3 or higher (nausea, vomiting, anorexia,
fatigue, constipation, diarrhea, and abnormal electrolytes
were not considered DLTs if controllable with appropriate
treatment); (5) discontinuation/postponement of study drug
administration due to a toxicity other than those mentioned
above and the total amount of administered study drug
<80% of the total amount scheduled for the first 28 days;
and (6) other toxicities that were judged as DLTs by the
investigator.

Treatment assessment

Tolerability was evaluated in all patients for toxicities, clin-
ical laboratory tests, coagulants, and vital signs. Toxicities
were graded according to the Common Terminology Criteria
for Adverse Events version 3.0 [12].

Tumor responses were assessed in patients who had
measurable disease according to Response Evaluation Cri-
teria in Solid Tumors (RECIST) guideline version 1.0 [13].

Pharmacokinetics

Pharmacokinetic evaluation was performed in all patients
during cycles 1 and 2. The concentration of LY2181308 in
plasma was measured by enzyme-linked immunosorbent
assay (ELISA) using antidigoxigenin-AP (Roche) to cap-
ture L'Y2181308. The minimum quantifiable concentration
was 1.875 ng/ml in plasma. Non-compartmental pharmaco-
kinetic parameters were calculated. Population pharmaco-
kinetic analysis was also conducted in a model-dependent
manner using a NON-linear Mixed Effect Model (NONMEM)
program version VI.

Results
Patient characteristics

Fourteen patients in this study had the typical characteris-
tics in a phase I study (Table 1). The most common histol-
ogy was lung cancer (six patients), followed by pancreatic
cancer (four patients). Approximately, half of the patients
had more than four prior chemotherapies. A total of 31
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Table 1 Patient characteristics

Variable 400mg (n=4) 600 mg (n=4) 750 mg (n =6) Total (n = 14)
Sex
Male 3 4 4 11
Female 0 2 3
Age, years
Median 585 63.5 59.0 60.0
Range 44-73 6069 49-66 44-73
Primary tumor type
Lung 1 4 6
Pancreas 2 2 0 4
Intrahepatic 0 1 0 1
cholangiocarcinoma
Uterus 1 0 0 1
Esophagus 0 0 1 1
Breast 0 0 1 1
ECOG PS
0 1 6
1 3 3 0
Prior therapy
Cancer-related surgery 3 1 4 8
Radiotherapy 0 1 5 6
. Chemotherapy <4 4 6 14
ECOG PS eastern cooperative >4 prior chemotherapy 1 ) 3 6
oncology group performance regimens

status

cycles were administered; the median number of cycles
administered per patient was 2 (range 1-4). The maximum
treatment period was 93 days.

Safety and tolerability

DLT was evaluated in 12 of the 14 patients. At the 750-mg
dose, one patient with small cell lung cancer and a PS of 0
experienced DLTs of grade 3 elevation including AST,
ALT, and y-GTP on day 8. These events were asymptom-
atic and resolved without medication. Another patient at the
600-mg dose experienced a grade 3 total bilirubin eleva-
tion, which was not considered a DLT but rather a result of
tumor progression. Hence, the MTD was established at the
750-mg dose level.

In addition to these toxicities, we observed flu-like
symptoms (fever, chills, and hyperhidrosis), prolonged
PT-INR, thrombocytopenia, and fatigue as grades 1/2
(Table 2). Almost all flu-like symptoms were observed dur-
ing the loading dose of day 1-3. They were manageable
with oral antipyretic such as acetaminophen. Prolonged
PT-INR and thrombocytopenia were also grade 1/2, and
there was no medical treatment required such as blood
transfusions. Grade 1 fatigue occurred in eight patients.
Grade 3 lymphocytopenia and anemia were only observed

in one patient treated at the 400-mg dose; they were not
considered drug related. Concentrations of complement
fragments Bb and C3a were elevated on day 3 and returned
to baseline after day 8 (Fig. 1).

Anticancer activity

Twelve of the fourteen patients met RECIST guideline for
antitumor response assessment. At the 600-mg dose, 1
patient with intrahepatic cholangiocarcinoma had stable
disease, but the remaining 11 patients had progressive
disease.

Pharmacokinetics

Pharmacokinetic analysis was performed in all 14 patients
(Fig. 2). The interindividual coefficient of variation (CV%)
of AUC for LY2181308 was moderate. Pharmacokinetic
parameters on day 3 were similar to those on day 1, sug-
gesting no accumulation of study drug in plasma. The mul-
tiphasic disposition pharmacokinetic profile of LY2181308
was adequately described by a 4-compartment model with
elimination from the peripheral compartment. The mean
terminal t,,, distribution clearance (CL), elimination CL,
and V estimated by the model were 21 days, 2.0 I/h,
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Table 2 Drug-related toxicities at selected dose levels

400 mg (n=4)

600 mg (n=4)

750 mg (n =6) All (n=14)

Grade 1-2 >3 1-2

>3 1-2 >3 1 2 >3 All

Hematological toxicities
Decreased platelet count
Decreased lymphocyte count
Decreased Hb
Decreased WBC

Non-hematological toxicities
Increased PT-INR
Hyperhidrosis
Pyrexia
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Fatigue
Increased CRP
Prolonged prothrombin time
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Anorexia
Chills
Diarrhea
Increased ALT
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Prolonged APTT
Increased AST
Flushing
Hypothermia
Increased ALP
Increased blood triglycerides
Increased y-GTP
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ALP alkaline phosphatase, ALT alanine aminotransferase, APTT activated partial thromboplastin time, AST aspartate aminotransferase, CRP
c-reactive protein, y-GTP gamma-glutamyl transpeptidase, Hb hemoglobin, PT-INR prothrombin time-international normalized ratio

? Grade 3 elevations in AST/ALT/y-GTP in one patient were judged as DLTs

28.11/h, and 2.05 x 10°1, respectively. Model analysis
showed that 84.5% of plasma LY2181308 was distributed
to tissue within 8 h after the initiation of administration.

Discussion

Survivin is attracting considerable interest as a potential
target for cancer therapy because it is upregulated in most
malignancies and may play a role in blocking apoptosis in
cancer cells [14]. LY2181308 is the first ASO to success-
fully inhibit survivin. Overall, LY2181308 was generally
well tolerated in patients with advanced solid tumors. MTD
was reached at 750 mg, and the 750-mg dose was recom-

@ Springer

mended for further investigations. This study revealed
a potential mild hepatotoxicity at the 750-mg dose in con-
trast to the first-in-human dose study in which this event
was only observed at doses of 900 and 1,000 mg [7]. Other
clinically important toxicities included flu-like symptoms,
elevated PT-INR, thrombocytopenia, and fatigue. The
frequency of flu-like symptoms, such as fever, was higher
(79%) than that of previous study (32%) [7]. Despite these
two main differences, LY2181308 had similar tolerability
profile in Japanese as in Caucasian or other races [7]. How-
ever, the low-grade toxicity, the reversibility profile, and
the medical treatment with antipyretics suggest that these
differences between two studies may be marginal or insig-
nificant.
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Fig. 1 Change in plasma concentration of complement fragments.
Change in plasma concentration of complement fragments from
baseline (before administration) to 15 min after the completion of
infusion (a, Bb; b C3a; ¢, C5a). Symbols = circles 400 mg/time;
triangles 600 mg/time; squares 750 mg/time. Normal range = Bb,
0.35-0.85 pg/ml; C3a, 305-1,239 ng/ml; C5a, 13.5-58.7 ng/ml

One reason for the induction of flu-like symptoms would
be the off-target activation of complement after infusion of
ASO:s. Increase in levels of complement fragments C3a and
Bb on day 3 was comparable to those found in preclinical

studies using monkeys [15] and past phase I studies of other
ASOs [16]. These complement elevations were acceptable
since there was no signs of abnormal immune responses
including anaphylaxis. Also, increases in C-reactive protein
were equally distributed across all three dose groups, thus
suggesting that the complement activation was similar in all
patients.

Thrombocytopenia and decreased hemoglobin were
observed as grade 1/2. In just one case, grade 3 was
observed, but hematologic toxicities were generally mild.
The ASO effect on reducing platelet counts may have two
potential mechanisms: one is related to the well-known off-
target effect of ASOs [8] and the other to the inhibition of
survivin. For instance, survivin-depleted mice have reduced
hemoglobin, white blood cell, and platelet counts as a result
of loss in hematopoietic progenitor cells [17]. Lastly, it
should be noted that despite the high accumulation of ASOs
in the kidney, no elevation or signs and symptoms related
to kidney dysfunction were observed.

The pharmacokinetic profile had a long half-life of 21 days.
Consistent with the long terminal t,,, the CL to tissue and
elimination CL. were low to moderate, and the V, was large.
Itis thought that the long terminal t,,, represents plasma-
tissue concentration during the tissue elimination phase of
LY2181308 once the distribution equilibrium between plasma
and tissues has been reached [8]. These results were compara-
ble to the pharmacokinetic results from LY218308 studies in
mice and monkeys, showing that rapid tissue distribution
(within 24 h) cleared approximately 90% of the drug from
plasma. The linearity of LY2182308 was not evaluated in this
study due to the small number of patients.

Finally, 12 patients met the RECIST guideline for
tumor response assessment. Only one patient had stable
disease, while the others had progressive disease. While
these data do not suggest any single-agent activity of
LY2181308, it should be stressed that this was also not
expected. LY2181308 is expected to have activity in
conjunction with apoptosis-inducing agents, such as che-
motherapy or radiation, and render previously apoptosis-
resistant cells sensitive to pro-apoptotic treatments. For
instance, paclitaxel or docetaxel resistance has been
associated with increased survivin expression [18-20].
Besides, radiotherapy treatment is enhanced after blocking
survivin expression in colorectal cancer models [21].
Based on these observations and the favorable toxicity
profile of LY2181308, three phase 2 studies are being/
have been conducted in conjunction with cytotoxic drugs:
(1) combination with cytarabine and idarubicin for acute
myeloid leukemia (completed), (2) combination with
docetaxel and prednisone for prostate cancer (on-going),
and (3) combination with docetaxel for non-small cell lung
cancer (ongoing).
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Objective: ABI-007 is a novel Cremophor® EL-free nanoparticle albumin-bound paclitaxel.
This Phase | study was designed to evaluate tolerability and determine recommended dose
for Japanese patients when ABI-007 was administered in every-3-week schedule.
Pharmacokinetics of paclitaxel was also assessed.

Methods: Patients with advanced solid tumors refractory to standard therapy received a
30 min intravenous infusion of ABI-007 every 3 weeks without pre-medications at 200, 260
or 300 mg/m?, respectively. Tolerability and recommended dose were determined by the
standard ‘3 + 3’ rule.

Results: No dose-limiting toxicity was observed, despite the dose escalation. In another
cohort, 260 mg/m? was re-evaluated and resulted in no dose-limiting toxicity. Grade 3 or 4
neutropenia was reported for the majority of patients (n = 8) but no incidence of febrile
neutropenia. Non-hematological toxicities were generally mild except for Grade 3 sensory
neuropathy (n = 3). Pharmacokinetic study demonstrated the area under the curve of pacli-
taxel increased with increasing the dosage, and comparable pharmacokinetic parameters to
the western population. Partial response was observed in three non-small cell lung cancer
patients. Two of whom had received docetaxel-containing chemotherapy prior to the study.
Conclusions: ABI-007 administered in every-3-week schedule was well tolerated up to
300 mg/m?, and recommended dose was determined at 260 mg/m? in consideration of effi-
cacy, toxicities and similarity of pharmacokinetic profile in western studies. Additional studies
of single-agent ABI-007 as well as platinum-based combinations, particularly in patients with
non-small cell lung cancer, are warranted.

Key words: nanoparticle albumin-bound paclitaxel — ABI-007 — Phase I — pharmacokinetic — Japanese

concentration in the suspension, serving to reduce the admin-

INTRODUCTION

ABI-007 (Abraxane®; Abraxis Bioscience, Los Angels, CA,
USA) is a novel Cremophor® EL (polyoxyethylated castor
oil)-free albumin-bound nanoparticle formulation of
paclitaxel. This formulation allows for a higher paclitaxel

istration volume and time. No pre-medication to prevent the
Cremophor® EL-induced hypersensitivity reaction is needed.
In addition, non-polyvinyl chloride infusion system and
in-line filtration are not necessarily applied given no leaching
of plasticizers (1,2).

© 2010 The Author(s)

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/2.5/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.



In the Phase I study of every-3-week (Q3W) schedule
conducted in the USA, the dose of ABI-007 was escalated
from 135 to 375 mg/m?, and maximum tolerated dose
(MTD) and recommended dose (RD) were established at
300 mg/m”. It was exceedingly higher than that of solvent-
based paclitaxel (Taxol®; Bristol—-Myers Squibb, Princeton,
NJ, USA), 175 mg/m? (1). Dose-limiting toxicities (DLTs)
were keratitis, blurred vision, sensory neuropathy, stomatitis
and neutropenia. Maximum concentration (C,,,x) and the
area under the curve from time zero to infinity (AUC;,¢) of
paclitaxel increased linearly over the ABI-007 dose range of
135—300 mg/m” administered over 30 min. Volume of distri-
bution of ABI-007 is characterized by the larger distribution
than solvent-based paclitaxel, indicating extensive extra-
vascular distribution of the drug (3). C,,..x and AUC;,s values
for individual patients correlated well with toxicities.

In the Phase III pivotal study of 454 patients with meta-
static breast cancer, Q3W schedule of ABI-007 260 mg/m>
produced the superior outcome to the same schedule of
solvent-based paclitaxel, 175 mg/m?: significantly higher
response rate and prolonged time to progression [33% vs.
19% (P < 0.001) and 23.0 vs. 16.9 weeks (P = 0.006),
respectively] and significantly lower incidence of Grade 4
neutropenia, despite a 49% higher paclitaxel dose [9% vs.
22% (P < 0.001)] (4). The dosage and schedule used in this
Phase III study lead to the approved labeling worldwide.

According to the clinical utility and study data reported
overseas, ABI-007 seems to be an effective treatment. This
Phase I study aimed to evaluate tolerability, DLT and RD in
Japanese patients with solid tumors when administered in
Q3W schedule. Efficacy, toxicity and pharmacokinetics (PK)
were also evaluated as secondary objectives, followed by the
evaluation on ethnic difference in PK.

PATIENTS AND METHODS
PATIENT ELIGIBILITY

Patients aged 20—74 years with histologically or cytologi-
cally diagnosed malignant solid tumors refractory to standard
therapies or for which there was no effective treatment were
eligible. They had to have an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0—2, and a life
expectancy of >60 days. Eligibility criteria also included
adequate renal, liver and bone marrow function, defined as
serum creatinine (Cr) <1.5 mg/dl, serum total bilirubin (TB)
<1.5 mg/dl, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) <100 IU/I, respectively, serum
albumin >3.0 g/dl, white blood cell count <12 000/mm?>,
absolute neutrophil count >2000/mm’, platelets >100 000/
mm’ and hemoglobin >9.0 g/dl. Patients with prior exposure
to taxanes were eligible for the study. Key exclusion criteria
included the following: (i) surgery within 4 weeks; (ii) che-
motherapy within 3 weeks; (iii) radiotherapy within 3 weeks;
(iv) history of radiation to more than 30% of hematopoietic
marrow; (V) pre-existing sensory neuropathy >Grade 2; (vi)
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pleural effusion and ascites that required drainage; (vii) brain
metastasis showing symptoms or requiring treatment; (viii)
hepatitis B or C virus or human immunodeficiency virus
infection; (ix) chronic steroid treatment; (x) pregnancy, lacta-
tion, suspicion of being pregnant; (xi) serious pre-existing
medical conditions such as uncontrolled infections, pulmonary
fibrosis, diabetes, severe heart disease and psychogenic
disorders.

This study was approved by the Institutional Review
Board at the National Cancer Center and conducted accord-
ing to Japanese Good Clinical Practice guidelines. All
patients provided written informed consent prior to study

entry.

STuDY DESIGN AND TREATMENT

This Phase I, open label, dose-finding study was conducted
at National Cancer Center and National Cancer Center East.

ABI-007 was supplied by TAIHO Pharmaceutical Co.,
Ltd, Tokyo Japan. Each vial contained 100 mg of paclitaxel
and ~900 mg of frozen-dried Albumin Human (United
States Pharmacopeia). The prescribed dose of ABI-007 was
prepared in 5 mg (paclitaxel)/ml of physiological saline as a
suspension. The drug was administered via 30 min i.v.
without pre-medication and in-line filtration.

Evaluated dose levels were 200, 260 or 300 mg/mz, as
shown in Table 1, repeated every 3 weeks. The rationale for
selected dose range was the following: the upper level,
300 mg/m*>—MTD determined in a US Phase I study; the
middle level, 260 mg/m*—the approved dose in the US/EU,
and the lower level, 200 mg/m*—one dose level below MTD
examined in the foregoing Phase I study. The dose range
also factored in PK: linear PK of ABI-007 over the dose
range 80—300 mg/m” and the same level and activity of
CYP2C8 and CYP3A4 between Japanese and Caucasians
(5). Dose escalation was capped at 300 mg/m”. In the event
that MTD exceeded the cap, further steps in investigation
would be discussed among study sponsor, principal investi-
gator and medical experts.

The dose escalation followed the standard ‘3 + 3’ rule.
Three patients were evaluated at the first dose level, and in
the absence of DLTs, three additional patients were entered
at the next dose level. If one of the three patients encoun-
tered a DLT, another cohort was to be added at the same
dose level. The MTD was defined as the dose level at which
two out of three to six patients experienced DLT. The RD

Table 1. Dose levels

Level Dose (mg/m?) No. of patients entered No. of courses
1 200 3 9
2 260 6 23

300 3 14
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was defined as the dose level that is one level below MTD,
and consequently, a total of six patients were to be treated at
RD to further evaluate the safety profile.

DLTs were pre-defined as any of the following
drug-related toxicities that had occurred during the first
course: (i) Grade 4 thrombocytopenia; (ii) Grade 3 thrombo-
cytopenia requiring platelet transfusion; (iii) Grade 4 neutro-
penia over 4 days; (iv) Grade 3 or 4 febrile neutropenia; and
(v) Grade 3 or 4 non-hematologic toxicity. Dose was
reduced by one level when DLT occurred in the first course,
and reduction was allowed when the toxicities corresponding
to DLT or Grade 2 neuropathy occurred in the second course
or later.

PATIENT EVALUATION

Pre-treatment evaluation included a complete history and
physical examination, a complete blood count with differen-
tial, serum chemistry profile, urinalysis including pregnancy
test, chest X-ray and electrocardiogram. Serum chemistry
profile included electrolytes, Cr, urea nitrogen, TB, AST,
ALT, lactic dehydrogenase, alkaline phosphatase, total
protein, albumin and C-reactive protein. Baseline imaging
studies and serum tumor marker levels were obtained at the
discretion of treating physician. Toxicity assessment, phys-
ical examination and all blood tests except serum tumor
markers were repeated on a weekly basis.

Toxicities were graded according to Common
Terminology Criteria for Adverse Events (CTCAE), version
3.0. Patients were considered evaluable for toxicity if they
received at least one dose of the study drug. Objective
response to therapy was assessed every 4—6 weeks according
to Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.0 (6).

BrLoobp SAMPLING AND PK ANALYSIS

Whole blood samples of 7 ml each were collected in 6 ml of
heparinized tube and 1 ml of K3-EDTA tube to determine
the PK of ABI-007 at time points: 0, 0.25, 0.5 (end of infu-
sion), 0.75, 1, 1.5, 2, 4, 10, 24, 48 and 72 h. Heparinized
samples were immediately centrifuged at 1000 g for 15 min
in 4°C and resultant plasma was stored in aliquot, whereas
K3-EDTA samples were softly mixed in normal temperature.
These samples were stored at less than or equal to —20°C
until analyzed. The sample was analyzed for paclitaxel using
liquid chromatography/tandem mass spectrometry in Alta
Analytical Laboratory (El Dorado Hills, CA, USA). The
limit of quantification for paclitaxel in plasma and whole
blood was 1.00 and 5.00 ng/ml, respectively, and the range
of reliable response in these samples was 1.00—500 and
5.00—5000 ng/ml, respectively.

PK parameters were determined from each patient’s whole
blood/plasma paclitaxel concentration profile. They were
evaluated by non-compartmental analysis using the
WinNonlin software package (Ver4.1, Pharsight Corp., CA,

USA). The C,..« of paclitaxel was obtained directly from
experimental data. The elimination constant (\z) was
obtained by log-linear regression analysis of the terminal
phase of the whole blood/plasma concentration vs. time
profile. The elimination half-life (¢,,;) was determined by
taking the ratio of natural log of 2 and Az. The AUC;,s was
estimated by summing the areas from time zero to the last
measured concentration—time point (AUC,_,), calculated
using the linear-logarithmic trapezoidal method, and the
extrapolated area. The dose—area relationship (i.e. total
ABI-007 dose divided by AUC;,¢) was used to determine
total body clearance (CL). The volume of distribution (Vz)
was determined by taking the ratio between CL and Az.

Table 2. Patient characteristics

Characteristics No. of patients

Total no. of patients 12
Male/female 10/2
Age (years)

Median 61

Range 45—-69
ECOG performance status

0

1 9
Tumor type

NSCLC 6

Parotid gland 1

Ovary 1

Bladder 1

Pharyngeal and esophageal 1

Colon 1

Thymoma 1
Prior treatment

Surgery 9

Radiotherapy 3

Chemotherapy 12

No. of prior chemotherapy
1 1

2 4
>3 7
Prior taxane therapy
Yes
Solvent-based paclitaxel 1
Docetaxel 5
Solvent-based paclitaxel and docetaxel 2
No 4

ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small cell lung
cancer.



