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in the second course due to toxicities experienced during
the first course. The reasons for dose reduction were throm-
bocytopenia in two patients, neutropenia in one patient
and both thrombocytopenia and neutropenia in one patient.
However, no patients experienced further toxicities after
dose reduction. Median percentage of irinotecan dose inten-
sity (mg/m?/week), expressed as the actual delivered dose
as a percentage of the projected dose, was 84% (range:
48-100%). Of the 162 projected irinotecan infusions, 18 dose
omissions occurred during the study period due to leukope-
nia in five cases, thrombocytopenia in four cases, diarrhea in
eight cases and patient refusat in one case. Therefore, the
percentage of actual irinotecan infusions, based on actually
delivered infusions as a percentage of projected infusions,
was 89% (144/162).

3.3. Toxicity

Hematologic and non-hematologic toxicities are listed in
Tables 4 and 5. Grade 3 or 4 neutropenia, anemia,
and thrombocytopenia occurred in 50%, 33%, and 17% of
patients, respectively. However, neither grade 4 leukope-
nia nor anemia occurred at all three dose (evels. Non-
hematologic toxicities were generally mild, and grade 3
diarrhea and grade 3 nausea/vomiting occurred in only one
patient each. Other non-hematologic toxicities were also
mild, and no grade 3 or 4 toxicities except for gastrointesti-
nal toxicities occurred at all three dose levels.

3.4. Response and survival

Chemotherapeutic responses are listed in Table 6. Of the
18 patients, two showed CRs and 14 PRs, giving a response
rate of 89% (16/18). For the nine chemo-naive patients,
the response rate was 100% (9/9). in contrast, of the nine
previously-treated patients, seven responded to treatment,
giving a response rate of 78% (7/9). Of the four patients
with refractory relapses, two responded. The median sur-
vival time (MST) and 1-year survival rate for all 18 patients
in the study was 13.3 months and 62%, respectively (Fig. 1).

4. Discussion

Until recently, there was no standard chemotherapeutic reg-
imen for elderly SCLC patients. However, four comparative
studies, including two phase il [13,14] and two random-
ized phase Il [15,16] trials, have shown that suboptimal
chemotherapies, such as oral etoposide monotherapy or
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attenuated doses of combination chemotherapy, may tead to
reduced survival in elderly or poor-risk SCLC patients when
compared with standard doses of combination chemothera-
pies.

To our knowledge, this is the first study to evaluate the Ci
regimen in elderly patients with SCLC. The response rate of
the Ci regimen was 89%, with an MST of 13.3 months. These
were very promising results, especially as this study included
only elderly SCLC patients and half of the study group had
already received some form of chemotherapy, although this
study included both ED and LD patients as the same popula-
tion. Observed instances of toxicity tended to be mild and
no TRDs occurred. Although a near full-dose combination
chemotherapy was administered to the elderly SCLC patients
in our study, only half of the patients experienced grade 3/4
neutropenia. Furthermore, the irinotecan dose intensity of
84% was relatively high. It is possible that the acceptable
toxicities- and dose intensity were largely attributable to
the prophylactic use of G-CSF and the high-dose loperamide
therapy against irinotecan-induced diarrhea. On the other
hand, other phase | studies, which also included patients
over the age of 70, demonstrated that carboplatin AUC 5
and irinotecan 50mg/m? can be safely administered with-
out G-CSF prophylaxis [17—19]. However, these studies were
not specifically designed to the elderly population and the
median age of these studies were clearly younger than that
of our trial,

Several retrospective analyses [20—22] and a prospective
study [23] have shown that standard-dose chemotherapy
without G-CSF support can lead to an increased risk of early
death and sepsis in older populations. Moreover, American
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Fig. 1  Overall survival curve.
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Society of Clinical Oncology (ASCO) guidelines recommend
the use of prophylactic G-CSF in patients at higher risk of
chemotherapy-induced infections, including patients with a
poor PS or comorbid illness {24]. Therefore, we suggest that
the prophylactic use of G-CSF in this study was justified as
the Cl regimen used was near to the full-dose regimen even
though only elderly patients with SCLC were studied.

As our study consisted of a heterogeneous patient popu-
tation, including patients that had been previously treated,
or over 75 years of age, three dose levels were used accord-
ing to individual patient characteristics. Furthermore, stage
was also different among the patients. Therefore, the limi-
tation of this study was that it was neither considered phase
I nor Il study and was not designed based on the proper
statistical methodology. However, at the time of study pro-
posal, no prospective trial using carboplatin plus irinotecan
regimen for elderly patients with SCLC was reported. Fur-
thermore, we did not know whether this combination was
feasible and effective for elderly SCLC patients. Therefore,
dose levels were selected by patient characteristics and
this study was designed as a prospective study to evaluate
feasibility and efficacy for the elderly SCLC patients. For
this reason, it may be difficult to mention on the efficacy
of this treatment because of wide patient selection and
uncommon study design. In terms of future triats using the
Cl regimen, level 1 or 2 appeared to be the appropriate
dose level for previously untreated elderly patients with
adequate organ function because majority of the patients
were registered in level 1 and 2. However, phase I/{l study
using the Cl regimen, which is based on the proper statistical
method, is warranted for evaluating toxicity and efficacy
in the chemo-naive elderly SCLC patients with specific
stage.

Recently, we reported a phase |l trial that compared the
CE regimen to a split doses of PE (SPE) regimen in elderty or
poor-risk patients with ED-SCLC (JCOG 9702) [25]. Although
the CE regimen ted to pronounced but manageable thrombo-
cytppenia, other toxicities, patliation scores, response rate,
and overall survival rate were very similar between the two
treatments. However, the CE regimen did not require hydra-
tion and could be given in an outpatient setting. Based on
the results of this phase i study, many JCOG members pre-
fer the CE regimen over the SPE regimen and consider it to
be more suitable for use as a control treatment in future
phase ill trials.

Compared with the MST obtained for the JCOG 9702 trial
(10.6 months for CE versus 9.8 months for SPE), the MST
of 13.3 months for the Cl regimen in the current study
is promising, atthough the current study included both ED
and LD patients as the same population and also included
both treated and untreated patients. Furthermore, atthough
90—-95% of the patients in the JCOG 9702 trial experienced
grade 3 or 4 neutropenia [25], the toxicity of the current
study was 50% and seemed to be generally mild. However,
JCOG has also shown that IP is more effective than PE for
treating non-elderly patients with ED-SCLC in a phase 1li trial
{6]. Taking these findings together, we are now considering
a comparative trial of CE versus Cl in elderly patients with
ED-SCLC.

In conclusion, the C! regimen was an effective and non-
toxic regimen in elderly patients with SCLC, and should be
evaluated in future phase Il triats.
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ORIGINAL ARTICLE

A Literature Review of Molecular Markers Predictive of
Clinical Response to Cytotoxic Chemotherapy in Patients
with Lung Cancer

Tkuo Sekine, MD,* John D. Minna, MD,{ Kazuto Nishio, MD,}
Tomohide Tamura, MD,* and Nagahiro Saijo, MD*

Background: To find candidate genes for a predictive chemosensi-
tivity test in patients with lung cancer by using a literature review.
Methods: Using MEDLINE searches, “in vitro chemosensitivity
associated genes” and articles on association of the gene alteration
with clinical chemosensitivity in lung cancer patients were selected.
We calculated odds ratios (ORs) and their 95% confidence intervals
(95% Cls) of response rates for patients who had tumors with or
without gene alteration. Combined ORs and 95% CIs were estimated
using the DerSimonian-Laird method.

Results: Of the 80 in vitro chemosensitivity-associated genes iden-
tified, 13 genes were evaluated for association with clinical chemo-
sensitivity in 27 studies. The median (range) number of patients in
each study was 50 (range, 28-108). The response rates of lung
cancer with high and low P-glycoprotein expression were 0% and
73% to 85%, respectively {p < 0.001). Glutathione S-transferase pi
expression (OR 0.22, 95% CI 0.06-0.79), excision repair cross-
complementing 1 alterations (combined OR 0.53, 95% CI 0.28-1.01;
p = 0.055), and tumor suppressor p53 mutation (combined OR 0.25,
95% CI 0.12-0.52) were associated with clinical chemosensitivity.
Conclusion: In total, 80 in vitro chemosensitivity-associated genes
were identified in the literature, and high and low P-glycoprotein,
glutathione S-transferase pi expression, excision repair cross-com-
plementing 1 alterations, and tumor suppressor p53 mutation were
candidates for future clinical trials of chemosensitivity tests in lung
cancer patients.

Key Words: chemotherapy, drug response, molecular markers,
prediction, lung cancer

(J Thorac Oncol. 2006;1: 31-37)

L:ng cancer is the leading cause of death in many countries
espite extensive basic research and clinical trials. Ap-
proximately 80% of patients with lung cancer have developed
distant metastases either by the time of initial diagnosis or
during recurrence after surgery for local disease. Systemic
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chemotherapy against lung cancer, however, has limitations
in efficacy such that patients with distant metastases rarely -

" live long.!

Tumor response to chemotherapy varies among pa-
tients, and objective tumor response rates to standard chemo-
therapy regimens are approximately 20 to 40% in patients
with non—small-cell lung cancer and 60 to 90% in patients
with small-cell lung cancer. Thus, it would be extremely
useful to know in advance whether patients have tumors that
respond to chemotherapy agents and whether the tumors
would be resistant to such therapy. For this purpose, cell
culture-based chemosensitivity tests have been investigated
for more than 20 years, but they are not widely accepted
because of technical problems such as the large amount of
material required, a low success rate for the primary culture,
length of time required, and poor correlation with the clinical
response.?-5

To overcome these obstacles, DNA-, RNA-, and pro-
tein-based chemosensitivity tests have been created, but gene
alterations that are predictive of the clinical drug response are
not established. Recently, as many as 400 genes whose
expression was associated with drug response were identified
by ¢DNA microarray studies, but their functions do not seem
to be related to drug sensitivity or resistance.®-19 In addition,
the genes identified by microarray studies were highly unsta-
ble and depended on the selection of patients used for gene
identification.!!.12 The purpose of this study was to provide an
overview of gene alterations in lung cancer that are associated
with chemotherapy drug response to identify candidate genes
for predictive chemosensitivity tests in patients with lung
cancer.

MATERIALS AND METHODS

Because one set of genes associated with chemosensi-
tivity is those directly involved in drug resistance mecha-
nisms, we conducted a MEDLINE search for articles on
tumor drug resistance published in the years 2001-2003. This
search yielded 112 studies, including several review articles.
By searching manually through these articles, we identified
134 genes or gene families that may be involved in drug
resistance based on their function. We conducted the second
MEDLINE searches for papers of in vitro studies on the 134
genes or gene families by using their names as a keyword.
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From the 134 genes, we selected genes that met the following
definition of “in vitro chemosensitivity associated genes™ 1)
alteration of the gene was identified in a human drug-induced
resistant, solid tumor cell line; 2) transfection of the gene
induced drug resistance; or 3) down-regulation of the gene or
its encode protein increased drug sensitivity. In this latter
category, we included studies in which the gene expression or
function was suppressed by antisense RNA, hammerhead
ribozyme, or an antibody against the gene product. We
excluded studies in which drugs were used to inhibit function
because the specificity of the drug against the target may not
have been complete. We performed a third MEDLINE search
for articles on the association between the gene alteration and
chemosensitivity of lung cancer cell lines by using the name
of the gene as a keyword. Articles in which the association
was evaluated in 20 or more cell lines were included in this
study. Finally, we searched MEDLINE for studies on the
association between the gene alteration and clinical drug
response in patients with lung cancer by using the name of the
gene as a keyword. Articles in which the association was
evaluated in 25 or more patients with advanced lung cancer
were included in this study. Studies in which gene expression
was evaluated with microarray were excluded because result
analysis and interpretation of this technique have not been
established, as indicated by the fact that the list of genes
identified by microarray studies was highly variable without
overlap between these gene sets.'’'2 Clinical studies on
concurrent chemoradiotherapy were excluded. We con-
structed 2 X 2 tables from the response data and calculated
odds ratios (ORs), their variances, and 95% confidence inter-
vals (95% Cls) for the patients who had tumors with gene
ajteration relative to those who had fumors without gene
alteration. Combined ORs and 95% Cls were estimated using
the DerSimonian-Laird method.’* When a response rate was
0, association with gene alteration was evaluated using the x*
test because 95% ClIs for ORs cannot be calculated. The name
of each gene was standardized according to Human Gene
Nomenclature Database of National Center for Biotechnol-
ogy Information. :

RESULTS

Of the 134 genes or gene families found, a gene
alteration in drug-induced resistant cells, an increased or
decreased resistance in transfected cells, and an altered sen-
sitivity in gene down-regulated cells were reported for 45, 57,
and 32 genes, respectively. In total, 80 genes met the defini-
tion of “in vitro chemosensitivity associated gene” (Table 1).

Gene alteration was associated with in vitro chemosen-
sitivity in 15 (50%) of 30 studies on 15 (56%) of 27 gene
alterations (Table 2). Clinical drug response was evaluated in 27
studies on 13 gene alterations. The methods used to identify
gene alteration included immunohistochemical protein expres-
sion analysis (n = 18), polymerase chain reaction (PCR)-
based mRNA expression analysis (n = 3), and PCR-based
mutation analysis (n = 6). All but one clinical study was
retrospective, and the median (range) number of patients in
each study was 50 (28-108). Gene alteration was associated
with clinical response in 8 of the 27 (30%) studies (Table 2).

TABLE 1. In Vitro Chemosensitivity-Associated Genes

Transporters: ABCA2, ABCB1, ABCBi1, ABCC1, ABCC2, ABCC3,
ABCC4, ABCC5, ABCG2, MVP, ATP7A, ATP7B, SLC29A},
SLC28Al, SLCI9AL

Drug targets: TUBB, TUBB4, TUBA, TYMS, TOPi, TOP2A, TOP2B,
DHFR,

Target-associated proteins : MAP4, MAP7, STMNI, KIF5B, HSPAS,
PSMDI14, FPGS

Intracellular detoxifiers: GSTP1, GPX, GCLC, GGT2, MT, RRM2,
AKRI1B1

DNA damage recognition and repair proteins: HMGB1, HMGB2, ERCCI,
XPA, XPD, MSH2, MLH1, PMS2, APEX1, MGMT, BRCAIl, GLO!

Cell cycle regulators: RB1, GML, CDKN1A, CCND1, CDKN2A,
CDKNIB

Mitogenic signai regulators: ERBB2, EGFR, KRAS2, HRAS, RAF1
Survival signal regulators: AKTI, AKT2

Integrin: ITGB1

Transcription factors: JUN, FOS, MYC, NFKB1

Apoptosis regulators: TPS3, MDM2, TP73, BCL2, BCL2L1, MCLL1,
BAX, BIRC4, BIRCS, TNFRSF6, CASP3, CASP8, HSPB1

We evaluated the association between transporter P-
glycoprotein/multidrug resistance 1 (ABCB1) expression and
clinical chemosensitivity in four studies. The response rate of
lung cancer with high ABCB1 expression was consistently
0%, whereas that for lung cancer with low ABCB1 expres-
sion was 73 to 85% (Table 3). Among drug targets, only
topoisomerase II-beta (TOP2B) expression was associated
with clinical drug response in patients with small-cell lung
cancer (OR 0.29, 95% CI 0.09-0.95). The intracellular detox-
ifier glutathione s-transferase pi (GSTP1) was dssociated with
both in vitro and clinical drug response (OR 0.22, 95% Cl
0.06-0.79) (Table 4). DNA repair gene excision repair cross-
complementing 1 (ERCCI) alterations were associated with
drug response among patients with non—small-cell lung
cancer with marginal statistical significance; the combined
OR (95% CI) for ERCC1 alteration was 0.53 (0.28-1.01; p =
0.055) (Table 5). Tumor suppressor p53 (TP53) mutation was
the only alteration associated with drug response among
patients with non—small-cell lung cancer among genes in-
volved in cell cycle and apoptosis. A combined OR (95% CI)
for TP53 among patients with non—small-cell lung cancer
was 0.25 (0.12-0.52) (Table 6). B-cell CLL/lymphoma 2
(BCL2) and its family protein expression was not associated
with clinical drug response (Table 7).

DiISCUSSION

We identified 80 in vitro chemosensitivity-associated
genes in our literature search. Of these, 13 were evaluated
clinically in 27 studies; ABCB1, TOP2B, GSTPl, and
ERCCI expression and TP53 mutation were associated with
changes to drug responses among patients with lung cancer.

Classical drug resistance is believed to be the result of
molecular changes inhibiting the drug-target interaction.
ABCBI, an ATP-binding cassette protein, acts as an energy-
dependent transmembrane efflux pump and decreases the
intraceliular accumulation of anticancer drugs, including an-
thracyclines, vinca alkaloids, taxanes, and epipodophyilotox-

32 Copyright © 2006 by the International Association for the Study of Lung Cancer



Journal of Thoracic Oncology ® Volume 1, Number 1, ]énuary 2006

Molecular Markers for Chemosensitivity

TABLE 2. Chemosensitivity-Associated Genes and Association with Chemosensitivity

Association with chemosensitivity

In vitro studies (n)

Clinical studies (n)

Category No of Genes Total Yes % Total Yes % .
Transporter 5 9 5 Ss 4 4 100
Drug target ¢+ 8 2 1 50 5 ! 20
Target-associated protein 7 0 0 0 0
Intracellular detoxifier 7 3 3 100 1 1 100
DNA repair 10 1 1 100 6 0 0
Damage recognition protein 2 0 0 0 0
Cell cycle 6 4 2 50 2 0 0
Mitogenic signal 5 3 i 33 I 0 0
Survival signal 2 0 0 0 0
Transcription factor 4 3 0 0 0 0
Cell adhesion-mediated 1 0 0 0 0
drug-resistance protein
Apoptosis 13 5 2 40 8 -2 25
Total 80 30 15 50 27 8 30

TABLE 3. ABCB1 (P-Glycoprotein) and Clinical Response to Chemotherapy

Author Histology Drugs Method Expression Patients () RR (%) Odds ratio
Yeh et al.3® Non-small cell Paclitaxel IHC Low 35 80 0

High 15 0 p <0001*
Kawasaki et al.3! Small cell CAV or EP IHC Low 26 85 0

High 4 0 p <0001*
Hsia et al.3? Small cell EP IHC Low 37 73 . 0

High 13 0 p < 0.001*
Savaraj et al.?? Small cell CAV, CEV, or EP RT-PCR Low 24 75 0

High 7 0 p < 0.001*

Combined odds ratio for ABCB expression in patieats with SCLC: 0

THC, Immunohistochemical analysis; RR, response rate; RT-PCR, reverse transcriptase-polymerase chain reaction.

*Calcutated using the x* test because the confidence interval cannot be calculated,

ins. Overexpression of this protein gives tumor cells a mul-
tidrug resistance phenotype in vitro, which is thought to be
associated with clinical chemoresistance.!4 Our review
showed that the response rate of tumors with ABCBI over-
expression was 0 in all studies of lung cancer, whereas that
for lung cancer tumors with low ABCB1 expression was 73
to 85% (Table 3).

There is a close relationship between drug sensitivity
and quantitative and qualitative alterations of the drug’s
target, including tamoxifen sensitivity and estrogen receptor
expression and trastuzumab response and Her-2/neu overex-
pression in breast cancer,!5 imatinib resistance and BCR-
ABL gene amplification and mutations in Philadelphia chro-
mosome-positive leukemias, ¢ and imatinib response and KIT
gene mutations in gastrointestinal stromal tumors.'7 In all of
these cases, the target molecule is a receptor or a mutated
tyrosine kinase located at the entry of growth-stimulating
signal transduction pathways. Recently, gefitinib, a tyrosine
kinase inhibitor of the epidermal growth factor receptor
(EGFR), has been developed, and two large phase I trials

showed a response rate of 18% and 12% in patients with
non—small-cell lung cancer who were previously treated
with conventional chemotherapy.i8.1% Responses to the drug

"have been unpredictable, but mutations of the EGFR gene

were identified in patients with gefitinib-responsive lung
cancer.2%2! Furthermore, all mutations in these tumors were
restricted to the activation loop of the kinase domain of
EGEFR, which are in distinct contrast to mutations in extra-
celluar and regulatory domains of EGFR in glioblastoma,
which are unresponsive to gefitinib.?2 Thus, molecular devel-
opments of structure and function of the targets hold the
promise of targeted cancer therapy. The target molecules of
many anticancer cytotoxic agents have not been clearly de-
fined; therefore, the relationship between the target molecule
status and sensitivity to the agent has not been established.
TOP2B expression was associated with drug response in
patients with small-cell lung cancer, with a response rate of
71% for high TOP2B expression tumors versus 90% for low
TOP2B expression tumors (OR 0.29, 95% CI 0.09-0.95).23
This result, however, is in contrast with the idea that a higher

" Copyright © 2006 by the International Association for the Study of Lung Cancer 33
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TABLE 4. Drug Targets, Intracellular Detoxifier, and Clinical Response to Chemotherapy

Author Histology Drugs Methed Expression Patients (n) RR (%) Odds ratio (95% CI)
Beta-tubulin class I
Rosell et al.>* Non-small cell Paclitaxel, Real-time Low 13 46 039
Vinorelbine PCR High 24 25 (0.09-1.62)

Topoisomerase 1I-alpha
Dingemans et al.?® Small cell CEV or EP HC Low 65 85 0.65

High 23 80 (0.20-2.17)
Dingemans et al 3 Non-small cell  Platinum-based  IHC Low 30 47 0.67

High 8 38 (0.14-3.40)
Topoisomerase II-beta
Dingemans et al.®® Small cell CEV or EP IHC Low 48 90 0.29

High 35 71 (0.09-0.95)
Dingemans et al.>* Non-small cell  Platinum-based  IHC Low 18 50 0.86

High 13 46 (0.21-3.58)
Glutathione s-transferase pi
Nakanishi et al.¢ Non-small cell Cisplatin-based [HC Low 17 47 0.22

High 37 16 (0.06-0.79)

ClI, confidence interval; IHC, immunohistochemical analysis; PCR, polymerase chain reaction; RR, response rate; CEV, cyclophosphamide, etoposide, and vincristine; EP,

etoposide and cisplatin.

TABLE 5. DNA Repair Genes and Clinical Response to Chemotherapy

Odd ratio
Author Histology Drugs Method Alteration Patients (1) RR (%) {95% CI)
Excision repair cross-complementing 1
expression .
Lord et al. 37 Non-small cell  Cisplatin, Real-time Low 23 52 0.38
gemcitabine PCR High 24 36 (0.11-1.26)
Excision repair cross-complementing 1
(ERCC1) polymorphism at codon
118
Ryu et al 3 Non-small cell  Cisplatin-based  PCR ciC 54 54 0.61
Hybridization C/T or T/T 53 42 (0.28-1.31)
Combined odds ratio (95% C.1.) for
ERCCI1 alteration in patients with
NSCLC0.53 (0.28-1.01, p = 0.055)
Xeroderma pigmentosum group D
polymorphism
At codon 231
Ryu et a}.® Non-small cell  Cisplatin-based = PCR GIG 100 48 1.08
Hybridization = G/A or A/A 8 50 (0.26-4.57)
At codon 312 .
Camps et al.>® Non-small cell  Cisplatin, PCR G/G 18 17 3.33
gemcitabine Sequencing G/A or A/A 15 40 (0.66-16.7)
At codon 751
Camps et al.?? Non-small cell  Cisplatin, PCR AA 22 23 2.04
gemcitabine Sequencing A/C or C/C 16 38 (0.49-8.45)
Ryu et al.3® Non-small cell  Cisplatin-based  PCR A/A 96 49 0.74
Hybridization A/C 12 42 (0.22-2.51)

Combined odds ratio (95% CI} for XPD polymorphism in patients with NSCLC: 1.38 (0.68-2.78).

Cl, confidence interval; PCR, polymerase chain reaction; RR, response rate; NSCLC, non—small-cell lung cancer; XPD, xeroderma pigmentosum group D.
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TABLE 6. Cell Cycle Regulators, Mitogenic Signals, Tumor Protein p53, and Clinical Response to Chemotherapy

Patients RR  Odds ratio
Author Histology Drugs Method Alteration (n) (%) (95% CI)
Retinoblastoma | expression
Gregorc et al.*° Non-small cell  Cisplatin-based [HC Low 61 51 045
High 41 32 (0.20-1.03)
Cyclin-dependent kinase inhibitor 1A, p21 expression
Dingemans et al®? ' Small cell CEV, EP IHC Low 63 90 0.57
High 22 71 (0.17-1.92)
Kirsten rat sarcoma 2 viral oncogene homolog mutation
Rodenhuis et at. 4 a Aenocarcinoma  Ifosfamide, PCR-MSH Nommal 46 26 0.65
carboplatin Mutated 16 19 (0.16-2.70)
Tumor protein p53 (P53) mutation
Nakanishi et al.¢ Non-smail cell  Cisplatin-based IHC Normal 11 45 019
Mutated 29 15 (0.04-0.94)
Gregorc et al*° Non-small cell  Cisplatin-based IHC Normal 56 57 026
Mutated 46 26 (0.11-0.62)
Combined odds ratio (95% CI) for P53 mutation in
patients with NSCLC: 0.25 (0.12-0.52)
Kawasaki et at.%! Small cetl CAV or EP IHC Normal 10 7 13
Mutated 20 75  (0.24-6.96)
Dingemans et al.?* Smait cetl CEV or EP IHC Normal 47 85 081
Mutated 45 82 (0.27-2.45)

Combined odds ratio (95% C.I.) for P53 mutation
in patients with SCLC: 0.93 (0.37-2.35).

CJ, confidence interval; IHC, immunohistochemicaf analysis; PCR-MSH, polymerase chain reaction-mutation specific hybridization; RR, response rate; CEV, cyclophosphamide,

etoposide, and vincristine; EP, etoposide and cispiatin.
“Prospective study.

TABLE 7. B-Cell CLL/Lymphoma 2 (BCL2) Family Expression and Clinical Response to Chemotherapy

Odds ratio
Author Histology Drugs Method Expression Patients (1) RR (%) {95% CI)
BCL2
Krug et al.*? Non-small cell  Docetaxel, IHC Low 26 46 1.75
vinorelbine High 5 60 (0.25-12.3)
Dingemans et al.?3 Smali celt CEV or EP HC Low 20 79 1.36
High " 85 (0.38-4.86)
Takayama et al.*? Smali cell CAV or EP IHC Low 17 76 0.50
High 21 62 (0.12-2.08)
Combined odds ratio (95% CI) for BCL2 expression in patients with SCLC: 0.87 (0.33-2.32)
BAX (BCL2-associated X protein)
Krug et al.? Non-small cell  Docetaxel, vinorelbine IHC Low 9 . 56 0.72
High 19 47 (0.15-3.54)

CI, confidence interval; IHC, immunohistochemical analysis; RR, respouse rate; CEV, cyclophosphamide, etoposide, and vincristine; EP, etoposide and cisplatin.

expression of topoisomerase II enzymes correlates with
greater chemosensitivity in patients with breast cancer.?4

In addition to genes involved in classical drug resis-
tance, genes that act downstream of the initial damage in-
duced by a drug-target complex are thought to play an
important role in chemosensitivity.2s ERCCI1 is a key enzyme
in nucleotide excision repair, one of the key pathways by
which cells repair platinum-induced DNA damage. High
levels of ERCC1 mRNA have been associated with platinum

"Copyright © 2006 by the International Association for the Study of Lung Cancer

resistance in the treatment of ovarian and gastric cancer.26:27
The codon 118 in exon 4 of ERCCI gene is polymorphic with
the nucleotide alteration AAC to AAT. Although this base
change results in coding for the same amino acid, it may
affect gene expression based on the usage frequency of
synonymous codons.?® The associations between drug re-
sponse and both ERCC1 gene expression and polymorphism
at codon 118 in patients with non——small-cell lung cancer
have been reported in the literature. A combined OR (95%
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CI) for these ERCCI alterations was 0.53 (0.28-1.01, p =
0.055), although each study failed to show statistical signif-
icant association. Thus, ERCC! may be a candidate for
evaluation of the predictability of drug response in future
clinical trials.

TP53, which is mutated or deleted in more than half of
lung cancer cells, has a remarkable number of biological
activities, including cell-cycle checkpoints, DNA repair, ap-
optosis, senescence, and maintenance of genomic integrity.
Because most anticancer cytotoxic agents induce apoptosis
through either DNA damage or microtubule disruption, mu-
tated TP53 may decrease chemosensitivity by inhibiting ap-
optosis or, in contrast, may increase chemosensitivity by
impairing DNA repair after drug-induced DNA damage.?®
This review showed that mutated TP53 was associated with
poor drug response in patients with non—small-cell lung
cancer (Table 6).

No other genes located downstream (including xero-
derma pigmentosum group D, retinoblastoma 1, cyclin-de-
- pendent kinase inhibitor 1A, Kirsten rat sarcoma 2 viral
oncogene homolog, B-cell CLL/Alymphoma 2, and B-cell
CLL/ymphoma 2-associated X protein) were associated with
clinical drug response (Tables 5-7). The association was
evaluated for only 8 of 43 in vitro chemosensitivity-associ-
ated downstream genes; therefore, key genes may be among
the remaining 35 genes. Most clinical studies included a
limited number of patients with various background charac-
teristics such as tumor stage and chemotherapy regimen
administered, which resulted in low statistical power to iden-
tify the association. Finally, because all but one study was
retrospective, the quality of tumor samples may vary, and it
is therefore unclear whether the gene alteration was detected
in all samples. Thus, in future prospective clinical studies, the
method of tumor sample collection and preservation, as well
as immunohistochemistry and polymerase chain reaction-
based methods, should be standardized, and the sample size
of patients should be determined with statistical consider-
ation.

The recently developed microarray technique enables
investigators analyze mRNA expression of more than 20,000
genes at once, and as many as 100 to 400 genes were selected
statistically as chemosensitivity-related genes.6-%19 Among
them, however, only a limited number of genes were func-
tionally related to chemosensitivity, and only ABCB1 and
BAX corresponded with the 80 chemosensitivity-associated
genes identified in this literature review, which were picked
because of their known function and contribution to in vitro
chemosensitivity. Thus, it will be interesting to evaluate the
role of expression profile of these genes using microarray
analysis.

The association between the expression and alterations
of genes and clinical drug responses should be studied further
in prospective trials. ABCB1, GSTP1, ERCC1, and TP53,
and other genes identified by exploratory microarray analyses
should be evaluated in those trials. Simple methods to iden-
tify gene alterations, such as immunohistochemistry and
polymerase chain reaction-based techniques, will be feasible
in future clinical trials because of their simplicity, cost, and

time. The median number of patients in retrospective studies
analyzed in this review was 50 (range, 28-108). In future
prospective trials, sample size consideration for statistical
power will also be important.

In conclusion, we identified 80 in vitro chemosensitiv-
ity-associated genes in a review of the literature; ABCBI,
GSTP1, and ERCC! expression and TP33 mutation were
associated with drug responses among patients with lung
cancer.
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A Phase | Dose-Escalation Study of ZD6474 in Japanese
Patients with Solid, Malignant Tumors
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Introduction: ZD6474 (vandetanib) is an orally available inhibitor
of vascular endothelial growth factor receptor, epidermal growth
factor receptor, and RET receptor tyrosine kinase activity. This
study assessed the safety and tolerability of escalating doses of
ZD6474 in Japanese patients with solid, malignant tumors.
Methods: Adult patients with solid tumnors refractory to standard
therapy received a once-daily oral dose of ZD6474 (100—~400 mg) in
28-day cycles, until disease progression or unacceptable toxicity was
observed.

Results: Eighteen patients were treated at doses of 100 mg (n = 3),
200 mg (n = 6), 300 mg (n = 6), and 400 mg (n = 3). Dose-limiting
toxicities at the completion of cycle 2 were hypertension (n = 3),
diarrhea (n = 1), headache (n = 1), toxic skin eruption (n = 1), and
alanine aminotransferase increase {n = 1). A dose of 400 mg]day
was considered to exceed the maximum tolerated dose (MTD).
Toxicities were manageable with dose interruption and/or reduction.
Objective tumor response was observed in four of nine patients with
non-small cell lung cancer (NSCLC) at doses of either 200 or 300
mg. Terminal half-life was about 90-115 hours. Plasma trough
concentrations achieved steady-state conditions after approximately
1 month of daily dosing.

Conclusions: It was concluded that a dose of 400 mg/day was
considered to exceed the MTD, and doses for phase II study were
thought to be not more than 300 mg/day. The objective response
observed in some NSCLC patients is encouraging for further studies
in this tumor type.
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Vascular endothelial growth factor (VEGF) is a potent
stimulator of angiogenesis and plays an essential role in
the formation and maintenance of the vasculature by activat-
ing protease expression, endothelial cell proliferation and
migration, and capillary vessel formation.!-4 Enhanced secre-
tion of VEGF from tumoer tissue induces vascular permeabil-
ity and results in the development of a network of highly
permeable, immature vessels that are characteristic of patho-
logical angiogenesis.’ Although VEGF binds to VEGFR-1
(Flt-1) and VEGFR-2 (KDR or Flk-1) on vascular endothelial
cells, activation of VEGFR-2 alone is sufficient to stimulate
VEGF-mediated angiogenesis.® Pathological angiogenesis is
necessary for the progression of solid, malignant tumors,” and
inhibition of VEGF-dependent signaling has been identified
as a key antiangiogenic strategy.®® The clinical value of
mnhibiting VEGF signaling in colon cancer,!® non-small cell
lung cancer (NSCLC),!! and breast cancer'2 has been con-
firmed with bevacizumab, an anti-VEGF antibody.

Epidermal growth factor receptor (EGFR)-dependent
signaling is an important pathway contributing to the growth
and metastasis of tumor cells, and aberrant EGFR tyrosine
kinase activity has been reported in a number of human
tumors.!3.14 One consequence of upregulated EGFR tyrosine
kinase activity is increased expression of proangiogenic fac-
tors, including VEGF,}516 which may lead to possible para-
crine and autocrine stimulation of angiogenesis.

ZD6474 (vandetanib; ZACTIMA) is a novel inhibitor

" of VEGFR, EGFR, and RET tyrosine kinase activity.)7-20 As

367

such, ZD6474 has the potential to inhibit two key pathways in
tumor growth: VEGF-dependent tumor angiogenesis, and
EGFR- and RET-dependent tumor cell proliferation and sur-
vival. Indeed, preclinical evaluation of ZD6474 has demon-
strated potent inhibition of VEGF-dependent signaling and
angiogenesis in vivo, as well as dose-dependent inhibition of
tumor growth, including profound regression in established
PC-3 prostate tumors. More recently, the results of a phase I
study of ZD6474 conducted in the United States and Austra-
lia showed that once-daily continuous oral dosing was gen-
erally well tolerated in patients with advanced tumors.2!
We report the results of a phase I, open-label, nonran-
domized, multicenter clinical study of ZD6474 in Japanese
patients with advanced solid tumors. The primary objective
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of the study was to assess the safety and tolerability of
escalating oral doses of ZD6474, with the aim of establishing
the maximum tolerated dose (MTD) and the recommended
doses for further phase II study assessment. Additional ob-
jectives included evaluation of antitumnor activity and assess-
ment of single- and multiple-dose pharmacokinetics.

PATIENTS AND METHODS

Patients

Adult patients between 20 and 74 years of age with
solid, malignant tumors refractory to standard therapies, or
for which no appropriate therapy exists, were eligible for
inclusion. Patients were required to have a life expectancy
=3 months and a World Health Organization performance
status of 0 or 1. The main exclusion criteria were significant
cardiac, hematopoietic, hepatic or renal dysfunction; severe
complications (including active double cancers); any gastro-
intestinal disease that would affect drug bioavailability;
poorly controlled hypertension; CNS tumors and metastases;
systemic anticancer therapy or radiotherapy within the pre-
vious 4 weeks; unresolved adverse effects from prior anti-
cancer therapy or radiotherapy; and incomplete recovery
from prior surgery. All patients provided written informed
consent. The trial was approved by the ethics committee of
institutional review board and was conducted in accordance
with the Declaration of Helsinki and guidelines for good
clinical practice.

Study Design

This was an open-label, nonrandomized, multicenter
dose-escalation study. Patients received a single oral dose of
ZD6474 (100, 200, 300, or 400 mg), which was followed by
a 7-day observation period (cycle 0; Figure 1). On day &,
patients started a once-daily ZD6474 dosing regimen at the
same dose as they had received in cycle 0 for a total of 28
days (cycle 1). Further 28-day treatment cycles were repeated
at the same dose. A dose-limiting toxicity (DLT) was defined
as any toxicity of at least grade 3 according to common
toxicity criteria (CTC version 2.0) that was related to ZD6474
treatment, or grade 2 diarthea daily for >7 days or grade 3
diarrhea despite maximum antidiarrheal support; =grade 2
skin toxicity for >7 days that affected the patient’s subjective
well-being and required cessation of treatment, despite sup-
portive care; and QT or corrected QT (QTc) prolongation
=490 msec, or a rise of =60 msec from baseline QT or QTc

Single oral dose

l 7-day Once-daily oral doses
ohservation

period

< Y

to =460 msec. QTc values were obtained using Bazett’s??
method of correction.

The initial dose of ZD6474 was set at 100 mg/day,
based on the minimum toxic effect dose in rats as well as
safety data from U.S./Australian phase I study. Dose escala-
tion was performed when a minimum of three patients per
dose level had completed cycle 1 (28 days) without exper®
encing a DLT. The MTD was defined as the dose of drug at
which 33.3% of patients experienced a DLT during cycle 1
that was not controlled with symptomatic therapy. Once the
MTD was established, three or more additional patients were
enrolled at the two highest dose levels below the MTD. This
was to further characterize the safety, tolerability, and bio-
logical activity of ZD6474. :

Assessment of Safety and Tolerability

The primary objective was to assess the safety and
tolerability of escalating oral doses of ZD6474. After full
physical examination at enrollment, adverse events (AEs)
were recorded at each scheduled study visit.

Electrocardiograms (ECGs) were recorded at the
screening visit, on days 1 (baseline) and 2 of cycle 0, and
three times per week up to day 21 of cycle 1. If no prolon-
gation of QT or QT¢ occurred, ECGs were performed weekly
up to day 14 of cycle 2, every 2 weeks until the end of cycle
3 and monthly during subsequent cycles; and 29 days after
the last dose. Vital signs (blood pressure, pulse rate, and body
temperature) were measured before and 2, 4, 6, 8, and 10
hours after the drug administration on day 1, and then every
24 hours until day 7 of cycle 0; every 24 hours until day 15
of cycle 1; weekly thereafter until the end of cycle 2; once
every 2 weeks during subsequent cycles; and at withdrawal.

Blood chemistry and hematological assessments were
performed at the screening visit; predose of cycle 0; predose
and on days 8, 15, 22, and 29 of cycles I and 2; every 2 weeks
(days 15 and 29) during subsequent cycles; at withdrawal;
and on days 15 and 29 after the last dose. Electrolytes were
measured weekly for patients who experienced diarthea or
vomiting. Urinalysis was performed at the screening visit; on
day 2 of cycle 0; on days 15 and 29 of cycle 1; on day 29
during subsequent cycles; at withdrawal; and on days 15 and
29 after the last dose.

Pharmacokinetic Assessment
The phammacokinetic profile of ZD6474 was assessed
after both single and multiple dosing. During cycle 0, blood

v
-
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Cycle 1
{28 days)

Cycle 0

Cycle 2
{7 days)

(28 days)
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FIGURE 1. Study design. PD, progressive
disease; DLT, dose-limiting toxicity.
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samples were collected before and 1, 2, 4, 6, 8, 10, 24, 48, 96,
120, and 144 hours after administration. During cycle 1,
blood samples were collected before administration on days
1, 8, 14, 22, and 28 and 2, 4, 6, 8, 10, and 24 hours after
administration on day 28. Samples were also collected before
administration on days 15 and 29 of cycles 2 and 3, before
administration on day 29 of subsequent cycles, and at with-
drawal. Plasma concentrations of ZD6474 were determined
using high-performance liquid chromatography with mass
spectrometry (LC-MS/MS). C,., and t_, were determined
by visual inspection of the plasma concentration time data for
ZD6474 for each patient on each sampling occasion. Where
there were adequate data, ZD6474 plasma elimination half-
life (t,,) was determined by log-linear regression of those
points considered to constitute the terminal phase. The area
under the plasma concentration time curve (AUC,_) was
calculated using the linear trapezoidal rule. The accumulation
ratio based on AUC,_,, was calculated by ratio of AUC,_,,
after 28-day multiple doses to AUC,_,, after a single dose.

Assessment of Tumor Response

Tumor response was evaluated using the Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines?? at
the end of each treatment cycle. Baseline tumor assessments
were performed before the start of single dosing.

Statistical Analyses

All analyses were descriptive, with no formal statistical
analysis performed on the data from this study. AEs were
coded according to both the Medical Dictionary for Regula-
tory Activities (MedDRA) coding system and the CTC grad-
g system.

RESULTS

Patient Characteristics

All 18 patients (11 male, 7female) enrolled in the study
received ZD6474 treatment and were evaluable for safety,
efficacy, and pharmacokinetics. Initially, three patients each
were enrolled in the 100-, 200-, 300-, and 400 mg groups.
Subsequently, three additional patients were enrolled in the
200- and 300-mg groups. Overall, 3, 6, 6, and 3 patients
received ZD6474 100, 200, 300, and 400 mg, respectively.

The overall patient population profile is summarized in
Table 1. Median duration of ZD6474 treatment was 56.5
(22-556) days. The median duration (range) of each dose
group was 43.0 (30~45), 191.5 (29-556), 76.5 (25-124), and
37.0 (22-42) days in the 100-, 200-, 300-, and 400-mg
groups, respectively. The reasons for discontinuation were
radiological or clinical disease progression (n = 12), AEs
(n = 5), or disease-related postrenal failure (n = 1).

Safety and Tolerability

All patients experienced at least one AE. Drug-related
AEs by CTC grade with an incidence of at least 20% of the
overall population are summarized in Table 2. The most
common drug-related AEs were rash (n = 13), prolongation
of QTc¢ interval (n = 12), diarthea (n = 11), and proteinuria
{(n = 11). There were various types of rash such as acne,
dermatitis acneform, macular rash, maculopapular rash, pus-
tular rash, erythema, folliculitis, photosensitivity rash, follic-
ular rash, and skin eruption. Although there were no skin
disorders of grade 3 or 4 severity, one patient in the 300-mg
group developed grade 2 toxic skin eruption, which persisted
for 7 days despite medical treatments and local supportive
care. Because of this, the event was defined as DLT, and the
study treatment was discontinued.

TABLE 1. Patient Characteristics
ZD6474 Dose
100 mg 200 mg 300 mg 400 mg Total
(n =3) (n = 6) (n =6) (n =3 (n = 18)
Male/female ’ 172 5/1 3/3 2/1 1177
Median age, yr (range) 50 (44-67) 52.5 (41-72) 55.5 (31-68) 53 (40-62) 52 (31-72)
Performance status (0/1) 172 24 2/4 12 6/12
Primary tumor diagnosis (n) ’
NSCLC 1 3 3 2 9
Colorectal 1 i 1 1 4
Breast 0 1 0 0 |
Stomach 0 0 1 0 1
Other* 1 -1 1 0 3
Number of prior cancer treatmentst 3 6 6 3 18
Chemotherapy 3 6 5 3 17
Radiotherapy 1 i 3 1 6
Median duration of ZD6474 treatment, days (range) 43 (30-45) 191.5 (29-556) 76.5 (25-124) 37.0 (2242) 56.5 (22-556)

*Various other tumor types.

tInciudes surgery, chemotherapy, immunotherapy, hosmonal therapy, and radiothesapy.

NSCLC, non-small cell lung cancer.
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TABLE 2. Common Drug-Related Adverse Events by CTC Grade

ZD6474 Dose

100 mg
(n =3)

200 mg
(n = 6)

300 mg
(n=6)

400 mg
(n=3)

G122

[7]
by

Adverse Event*

Total

G112 G3 Gl12 G3 Gi1/2 G3 (n=18)

Rash (NOS)

Electrocardiogram QT corrected interval prolonged
Diarrhea (NOS)

Proteinuria

Fatigue

Hypertension} (NOS)

Blood lactate dehydrogenase increased
ALT increased

Anorexia

AST increased
B-N-acetyl-D-glucosaminidase increased
Hematuria

Headache

Lymphopenia

Blood alkalinephosphatase

Nausea
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*Medical dictionary for regulatory activities (MedDRA) preferred term,
tlncludes one patient with an a2dverse event reposted as blood pressure increased.

CTC, common toxicity criteria; NOS, not otherwise specified; ALT, alanine aminotransferase; AST, asparate aminotransferase.

No grade 4 drug-related adverse events were reported,

All episodes of QT or QTc prolongation in this study
were asymptomatic and considered by the investigator to be
drug related. QTc prolongation necessitated dose interruption
in 7 of 12 patients, 6 of whom were able to resume ZD6474
treatment at a reduced dose. The remaining patient was
discontinued from the study after experiencing QTc prolon-
gation, despite resuming treatment at a reduced dose.

No grade 4 drug related AE was observed. Seven
patients experienced grade 3 drug-related AEs. The most
common grade 3 drug-related AE was hypertension. One
patient who had grade 3 hypertension in the 300-mg group
was urgently hospitalized for hypertension and headache
{both of grade 3) at 6 weeks after the start of multiple dosing,
The symptoms were relieved 3 weeks after dose interruption,
and the treatment with ZD6474 was resumed at a reduced
dose of 150 mg/day. Eight patients had dose interruption, and
five patients discontinued study treatment because of AEs.
Drug-related AEs that led to treatment discontinuation were
increased alanine aminotransferase, fatigue, hypoacusis, pro-
longed QTc interval, and toxic skin eruption (all n = 1).

Mean arterial blood pressure increased in most patients
after multiple dosing with ZD6474. Hypertension or in-
creased blood pressure was reported as an AE in eight
patients (2 = 4, grade 1 or 2; n = 4, grade 3). In five of these
eight patients, the AE required treatment with standard anti-
hypertensive medication (primarily Ca?*-channel blockers or
ACE ichibitors). There were no clinically relevant hemato-
logical toxicities. Elevations of ALT, asparate aminotransfer-
ase, and alkalinephosphatase reported as AE were in 6, 6, and
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5 patients, respectively. Urinalysis revealed raised S-N-
acetyl-D-glucosaminidase (n = 6) and proteinunia (n = 11),
but all of these events were classified as CTC grade 1.
Elevations of serum creatinine level were observed in three
patients.

In total, five patients experienced drug-related DLTs up
to the completion of cycle 2 (Table 3). Because 33.3% of
patients in the 400-mg cohort developed a DLT during cycle
1, 400 mg was considered to exceed the MTD.

Pharmacokinetic Evaluation

Pharmacokinetic parameters following a single oral
dose and multiple oral doses of ZD6474 (100—-400 mg) are
shown in Tables 4. Plasma concentration of ZD6474 de-
creased biphasically (Figure 2A). The terminal half-life
seemed to be independent of the dose and was estimated to be
approximately 100 hours; this may be underestimated be-
cause up to 40% of the AUC was extrapolated. Mean plasma
trough concentrations of ZD6474 during continuous oral
dosing indicate that steady state is achieved after about 1
month of treatment (Figure 2B). Based on the AUC,_,, 5, on
days 1 and 28, exposure to ZD6474 increased approximately
sixfold after multiple dosing compared with a single dose.
The relationship between AUC and dose after a single dose
and 28-day multiple dosing was shown in Figure 3A and B,
respectively. Exposure to ZD6474 as assessed by AUC after
a single oral dose seemed to show an increase with dose.
There was an approximately threefold interindividual vari-
ability in AUC at the same dose level.

Copyright © 2006 by the International Association for the Study of Lung Cancer
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TABLE 3. Drug-Refated Dose-Limiting Toxicity (DLT) at the Completion of Cycle 2
DLT*
Patients
2ZD6474 (mg) Patients Enrolled Developieg DLT Cycle 1 Gycle 2
100 3 03 None None
200 3 0/3 None None
3 173 Hypertension None
(additional cohort)
300 3 13 None Hypertension, diarrhea, beadache}
3 173 None Toxic skin eruption
(additional cohort)
400 3 2/3 Hypertension Alanine aminotransferase increased

*All DLTs were CTC grade 3 except for grade 2 toxic skin eruption.

1Observed in the same patient.

CTC, comunon toxicity criteria; ALT, alanine aminotransferase.

Tumor Response

Tumor responses were evaluated in 18 patients. No
complete response was observed, but four patients achieved a
confirmed partial response (three patients in the 200-mg
group and one patient in the 300-mg group), all of whom had
NSCLC with adenocarcinoma. Prior cancer treatments in
these four patients included chemotherapy (n = 4), surgery
(n = 2), and radiotherapy (n = 2). Each of the responders
experienced dose interruptions/reduction because of AEs, but
their responses were maintained at a reduced dose of 100 or
200 mg/day; the individual time to onset of response was 36,
64, 70, and 103 days, with a respective duration of response
of 90, 230, 246,.and 438 days (Table 5). Three of the four
responders subsequently discontinued treatment because of
AEs. Representative CT scans from two responders are
shown in Figure 4.

DISCUSSION

In this phase I dose-escalation study, once-daily oral
dosing with ZD6474 was generally well tolerated at doses up
to and including 300 mg in Japanese patients with solid,
malignant tumors. Pharmacokinetic analyses confirmed that
once-daily oral dosing was appropriate for ZD6474, which
bad an estimated half-life of approximately 5 days. Notably,
partial tumor response was observed in four out of nine
patients with refractory NSCLC.

The most common drug-related AEs were rash, QTc
prolongation, diarrhea, and proteinuria. QTc prolongation
was reported at all doses studied, with no clear evidence of
dose dependency. All patients with QTc prolongation were
asymptomatic, and most did not require withdrawal of
ZD6474 treatment. QTc prolongation was reversible and can
be managed through dose interruption or dose reduction.

TABLE 4. Pharmacokinetic Parameters of ZD6474 After a Single Dose (Cycle 0) and

After Multiple Dosing for 28 Days (Cycle 1)

ZD6474 Dose

100 mg 200 mg 300 mg 400 mg
Parameters After a Single Dose n=13 (n=6) (n = 6) (n=3)
Mean C,,,,, ng/mL (SD) 103 (42) 186 (92) 392 (198) 447 (240)
Median t,,, br (range) 6 (4-6) 4 (4-6) 5(4-8) 6 (2-6)
Mean AUC, 4 1, g hr/ml (SD) 1.5(0.5) 2.8 (1.5) 5.6 (2.5) 6.7 (3.0)
Mean AUC, pghr /m} (SD) 10.1 3.5) 16.8(6.9) 29.4(11.8) 32.1 4.7)
Mean t,, hr (SD) 115 (46) 101 (14) 90 (14) 114 (45)
100 mg 200 mg 300 mg 400 mg
Parameters After Multiple Dosing (n = 3) (n=24) (n=23) n=1)
Mean C,,,,, ng/mL (SD) 1200 (583) 922 (259) 1580 (302) 2050
Median t,,,,, hr (range) 4 (4-6) 6 (4-10) 6 (6-6) 4
Mean AUC, ,4, pghx/ m! (SD) 20.5(5.0) 18.3 (5.7) 29.9 (4.6) 44.6
Accumulation index* (SD) 14.2(1.8) 6.2(1.9) 53(L.2) 6.5

*Day 28 AUCq.4 v/day | AUCo 04 n,

AUC, area under the curve to infinity; AUCy_s4 », area under the curve to 24 hr; C,,,,,, maximum concentsation; SD,
standard deviation; t,,, time to maximum concentration; t,, terminal half-life.

Copyright © 2006 by the International Association for the Study of Lung Cancer
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FIGURE 2. (4) Mean (+5D) plasma concentration of ZD6474 after a single oral dose. (8) Mean (+5D) plasma trough con-
centration of ZD6474 during continuous oral dosing for 28 days (cycle 1).
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FIGURE 3. (A) Relationship between AUC and dose after a single oral dose of ZD6474. (B) Relationship between AUC,_,,
and dose after 28-day multiple doses of ZD6474. AUC, area under the curve from zero to infinity; AUC, area under the curve

from O to 24 hours.

There were some T-wave and U-wave changes in ECG,
but there was no consequent arrhythmia finding in ECG.
However, ECG monitoring should continue in future clini-
cal. trials.

Hypertension was also reported as a drug-related AE in
seven patients, but no patients withdrew from the study as a

result of hypertension, and all cases were controllable with
dose adjustment or appropriate drug therapy. Rash and hy-
pertension were also reported as relatively common AEs in a
larger phase I study of ZD6474, which was conducted in the
United States and Australia.2! These events could be indica-
tive of target inhibition by ZD6474. Also, because synthesis

TABLE 5. Summary of Partial Responders
Partial Response
Initial ZD6474 Time to Onset Duration
Patient No. Age (y1) Sex Dose (mg) Dose Reduction® (days) (days)®
3n 72 M 200 200--100 mg (day 28) 64 +230
304 54 M 200 200~>100 mg (day 42) 103 438
305 41 M 200 200—100 mg (day 276) 70 +246
406 50 F 300 300—200 mg (day 79) 36 +90

°*Dose reduction was attributable to AEs: QT/QTc prolongation (#301); hypertension (#304); rash (#305); toxic skin eruption (#306).
*Dose discontinuation was attributable to: hypoacusis {(#301); disease progression (#304); fatigue (#305); toxic skin cruption (#406).
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FIGURE 4. Representative CT
scans before and after ZD6474
treatment in two NSCLC (adeno-
carcinoma) patients with partial
responses. Baseline scans were per-
formed within 4 weeks before the
first dose. Male, 72 years (#301),
initial ZD6474 dose = 200 mg.
Female, 50 years (#406), initial
ZD6474 dose = 300 mg.

of the vasodilator nitric oxide is downstream of VEGF-
induced angiogenesis signaling,2¢ inhibition of VEGFR-de-
pendent signaling by ZD6474 may decrease nitric oxide
production and lead to hypertension. Hypertension and ele-
vated ALT levels were reported as DLTs in the 400-mg dose
group during the period up to completion of cycle 2. As a
result, this dose was considered to exceed the MTD.

Rash may be a consequence of EGFR inhibition, with
the consideration that dose-dependent development of rash
was reported in studies of other EGFR inhibitors, erlotinib2s
and gefitinib.2627 Because different types of rash, including
erythema and photosensitivity, were observed in this study, it
seems that the rash induced by ZD6474 may be more varied
and systematic than was reported with those EGFR inhibitors.

Pharmacokinetic assessment in this study has con-
firmed that ZD6474 offers a convenient once-daily oral dos-
ing schedule that is sufficient to achieve steady-state expo-
sure. In this respect, the pharmacokinetic characteristics of
ZD6474 in this Japanese study did not differ from those
obtained in the U.S./Australian study.?!

Although this study was primarily designed to assess
safety and tolerability, secondary assessment of efficacy re-
vealed that four out of nine patients with NSCLC exhibited a
partial response to ZD6474 treatment at initial daily doses of
200 mg (n = 3) and 300 mg (n = 1). It is worth noting that
partial tumor response was maintained in these patients
(range 90-438 days) despite subsequent reductions in daily
dose. This finding has prompted evaluation of ZD6474 in
patients with NSCLC in phase II studies.?8-3¢ Although
EGFR mutational status was not determined for any patients
in the current study, a recent preclinical study showed that the
antiproliferative effects of ZD6474 were augmented in an
NSCLC cell line harboring EGFR containing a small in-
frame deletion mutation3! Characteristics predicting re-
sponse to gefitinib such as female gender, adenocarcinoma,

Copyright © 2006 by the International Association for the Study of Lung Cancer
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Cycle 5, day 9

nonsmoking status, Asian ethnicity, and EGFR mutations
should be investigated in future studies.

Multiple signaling pathways contribute to tumor-re-
lated angiogenesis and tumor growth and metastasis. As such,
novel therapies that target a single molecule or biochemical
pathway may have less clinical efficacy than agents with
more than one mode of action. Because ZD6474 is a selective
inhibitor of VEGFR-2 and EGFR tyrosine kinase activity,
this agent may be particularly beneficial in tumor types that
display aberrant activity of both signaling pathways. How-
ever, the relative contribtition of VEGFR-2 and EGFR ty-
rosine kinase inhibition to the clinical activity of ZD6474 in
specific tumor types, as well as to the toxicity profile of
ZD6474, remains to be determined.

In conclusion, these data indicate that ZD6474 at oral
doses up to 300 mg/day was tolerated in Japanese patients
with advanced tumors. A dose of 400 mg/day was considered
to exceed the MTD, and doses of =300 mg/day were con-
sidered appropriate for evaluation in a further phase II
study.??

Targeting multiple pathways in cancer may be neces-
sary to provide sustained clinical benefit to patients, and
ZD6474 has the potential to inhibit two key pathways in
tumor growth by targeting VEGFR-dependent tumeor angio-
genesis and EGFR-dependent tumor cell proliferation and
survival. Phase III development of ZD6474 in NSCLC has
been initiated, and the clinical development program contin-
ues to investigate efficacy in other tumor types.
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A Phase I Study of Irinotecan in Combination with
Amrubicin for Advanced Lung Cancer Patients
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Abstract. Background: A combination phase I study was
conducted in a cohort of lung cancer patients to determine the
maximum tolerated dose (MTD) and toxicities of irinotecan
(CPT-11), a topoisomerase I inhibitor, in combination with
amrubicin (AMR), a topoisomerase II inhibitor, and to
observe their antitumor activities. Patients and Methods:
Patients with lung cancer received AMR (35 - 40 mg/m? given
intravenously over 5 min) for 3 consecutive days, and CPT-11
(50 ~ 60 mgim? given intravenously over 90 min ) after the
completion of AMR infusion on days 1 and 8, every 3 weeks.
Results: In total, eleven patients were enrolled in this study.
The most frequent toxicities were bone marrow suppression,
particularly leucopenia and neutropenia, followed by infection,
diarrhea and pneumonitis. As @ consequence of these
toxicities, the MTD and the recommended dose could not be
determined. There were two partial responses, which included
one patient with small cell lung cancer (SCLC) who had
previously received chemotherapy and the other with
previously untreated non-small cell lung cancer (NSCLC).
Conclusion: These data suggest that the combination of CPT-11
and AMR is not tolerated, as it mediates an unexpectedly
strong myelosuppressive effect, and is inactive against both
NSCLC and SCLC.

Lung cancer is the jeading cause of cancer deaths

Abbreviations: NSCLC, non-small cell lung cancer; ED-SCLC,
extensive-disease small cell lung cancer; PS, performance status;
topo I, topoisomerase I; topo II, topoisomerase II; CPT-11,
irinotecan; AMR, amrubicin; MTD, maximum tolerated dose;
DLT, dose-limiting toxicity; RD, recommended dose; MST,
median survival time; JCOG, Japan Clinical Oncology Group;
FACS, Four Arm Cooperative Study; AUC, area under the
concentration-time curve; Cp,,, concentration,,.
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worldwide. In spite of the development of new anticancer
agents, such as paclitaxel, docetaxel, irinotecan (CPT-11)
and gemcitabine, the prognosis of lung cancer is still poor.
New agents and new combination chemotherapy regimens
are warranted in order to improve the outcome for lung
cancer patients. The DNA topoisomerases are essential
nuclear enzymes that catalyze the breakage and rejoining of
DNA. There are two classes of DNA topoisomexrases, type I
(topo T) and type 11 (topo II), which alter the topology of
single- and double-stranded DNA, respectively, and are
concerned with genetic reactions including DNA
replication, transcription and DNA repair (1). To date,
several DNA topoisomerase inhibitors, including CPT-11,
the anthracyclines and etoposide, have played an important
role in Jung cancer chemotherapy (2, 3). Moreover, some
investigators have reported that the combination of topo 1
and topo II inhibitors resulied in a synergistic effect in
preclinical studies (4). This synergistic effect may be related
to their complementary functions. However, other
investigators have reported, conversely, that inhibition of
both topo I and topo 11 led to an antagonistic effect (5, 6).
Thus, the inhibition of both topoisomerases seems to be a
very attractive strategy in the context of lung cancer
chemotherapy, although it is not clear whether the
combination results in a synergistic, additive or antagonistic
effect. Amrubicin (AMR) is a novel, totally synthetic,
9-aminoanthracycline derivative that inhibits topo 1. It has
more potent antitumor activity and less heart, liver and
renal toxicities than doxorubicin, according to in vive
studies. Amrubicino), the C-13 alcohol metabolite of AMR,
which also inhibits topo I, has 10 to 100 times more
antitumor activity than the parent compound. Based on
preclinical study data, intravenous (i.v.) administration on 3
consecutive days every 3 weeks was recommended for use
in a phase I/II study involving previously untreated
advanced non-small cell lung cancer (NSCLC) patients. The
dose-limiting  toxicities (DLTs) were leucopenia,
thrombocytopenia and gastrointestinal disturbance and the
maximum tolerated dose (MTD) and the recommended
dose (RD) for phase II studies were 50 mg/m?/day and
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