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Multidisciplinary team for chemotherapy

Fig. 5 Members of the multidisciplinary team for chemotherapy and their
roles,

center), and medical collaboration officers in order to manage those
adverse effects. The team made the clinical path for the initiation of
bevacizumab therapy, the manual for managing the adverse effects of
bevacizumab including consultation to gastrointestinal or respiratory
surgeons, and made close liaison with cardiologists and neural sur-
geons in other hospitals. The team has revised the manual frequently,
and solved the many problems associated with bevacizumab
treatment,

In Japan, molecular target drugs such as sorafenib and sunitinib
might be approved for RCC treatment in 2008. We are planning to make
a new professional team consisting of medical oncologists, urological
surgeons, nurses, pharmacists, and medical collaboration officers. The
team will simulate the management of the severe adverse effects of
these drugs, and make clinical paths and new manuals, We are also
planning to start translational research such as a biomarker study.

In conclusion, in the area of urological malignancy, medical oncolo-
gists can participate in (i) some part of chemotherapy, (ii) care of
complications with chemotherapy, (iii) experimental therapy such as
phase I study, (iv) facilitating multidisciplinary care of patients, and (v)
facilitating translational research.
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It is well recognized that the quality of chemotherapy in oncology
practice in Japan is lower than that in the United States or European
countries. Patients with cancers are treated in an organ-specific medical
system. Specifically, lung cancer is treated by chest physicians, gas-
trointestinal cancers by gastroenterologists or sometimes by surgeons,
and genitourinary cancers by urologists. However, the organ-specific
system often yields inadequate care. Patients with primary peritoneal
adenocarcinoma presenting with ascites represent a subset of advanced
cancers that are potentially curable by chemotherapy and surgical pro-
cedures for epithelial ovarian cancer. They often visit gastroenterologists
with symptoms of abdominal fullness. Unfortunately, however, gastro-
enterologists often inadequately treat such patients with palliative che-
motherapy for gastroenterological cancers without curative intent
because they have undergone training for gastroenterological malignan-
cies but not gynecological cancers. Similarly, patients with lung
metastases from RCC sometimes visit thoracic oncologists who are not
trained in immunotherapy, and patients are often inadequately treated.

Systemic chemotherapy for cancers should be performed by medicat
oncologists who have undergone a training program that includes all
malignancies. However, training systems for medical oncologists
including genitourinary cancers are currently under development in
Japan. It is highly recommended that the JSMO and the JUA collabo-
rate to establish such training systems for medical oncologists.
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Background: Pemetrexed in combination with cisplatin (Pem/Cls) is used globally for the
treatment of malignant pleural mesothelioma (MPM). This Phase I/l study was conducted to
determine the recommended dose (RD) (Phase 1) of Pem/Cis, and evaluate the efficacy and
safety (Phase ll) in Japanese MPM patients.

Methods: Key eligibllity criteria were histologic diagnosis of MPM incurable by surgery, no prior
chemotherapy, and a performance status 0—1. Under full vitamin supplementation, pemetrexed
was intravenously administered on Day 1 of a 21-day cycle, followed by cisplatin. A cohort of
six patients, starting from pemetrexed 500 mg/m® and cisplatin 75 mg/m? (Level 1), were
studied in the dose-escalation Phase | (Step 1). The RD determined in Step 1 was carried
forward into Phase Ii (Step 2). Planned number of patients treated with Pem/Cis was 18-38.
Results: In Step 1, 13 patients were enrolled: seven in Level 1 and six in Level —1 (peme-
trexed 500 mg/m?, cisplatin 60 mg/m?). Two of six evaluable patients had dose-limiting toxicities
(pneumonitis and neutropenia) in Level 1, establishing Level 1 as the RD. In Step 2, 12 patients
were enrolled, for a total of 19 patients treated at the RD. Seven patients achieved a partial
response among these patients, for a response rate of 36.8% {85% confidence interval: 16.3—
61.6); overall survival was 7.3 months, One drug-related death occurred due to worsening of a
pre-existing pneumonia. Common grade 3/4 toxicities were neutropenia and decreased-hemo-
globin,

Conclusion: The Pem/Cis combination provides promising activity and an acceptable safety
profile for chemonaive Japanese MPM patients with the same recommend dosage and sche-
dule used in rest of the world.

Key words: cisplatin — mesothelioma — pemetrexed — phase /4

INTRODUCTION membranes or from undifferentiated mesenchymal cells in
connective tissue under the membranes. MPM is a locally
invasive and aggressive tumor with a poor prognosis and a
median survival time (MST) of ~9—16 months (1).

MPM is known to be linked to asbestos exposure, and the
For reprints and all correspondence: Kazuhiko Nakagawa, Kinki University incidence of this tumor is expected to increase in the next 10—

School of Medicine, Medical Oncology, 377-2 Ohnohigashi, Osakasayama . o L.
589-8511, Japan, E-mail: nakagawa@med.kindai.ac jp 20 years according to an estimation of asbestos consumption in

Malignant pleural mesothelioma (MPM) is a tumor derived
from the mesothelium covering the surface of pleural
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340 Phase I/II pemetrexed for MPM in Japan

the world (9). Recently, the prevalence of MPM in Japan was
widely recognized after uncovering the high incidence of
MPM and MPM-related deaths in ex-workers of asbestos fac-
tories and in residents of the surrounding areas who may have
been subject to non-occupational exposure to asbestos fibers,

Surgical resection offers local control of the tumor but its
effect on survival remains unclear. In addition, application
of radiation therapy is limited because of the diffuse exten-
sion of tumor spread. Regimens applied to lung cancer such
as platinum-containing chemotherapy have been used for
MPM in Japan; however, the efficacy outcomes of these
therapies are not satisfactory. Therefore, effective systemic
chemotherapy for MPM is clearly needed.

Pemetrexed is a novel antifolate (12) that inhibits three
enzymes in folate metabolism: thymidylate synthase, dihydro-
folate reductase and glycinamide ribonucleotide formyltransfer-
ase (11). Because of the multi-targeted profile of this
compound, broad and preferable anti-tumor activity is expected.
Pemetrexed has shown clinical activity in various tumors
including mesotheliomas (6). A pivotal multicenter, random-
ized Phase ITI study of pemetrexed (500 mg/m?) in combination
with cisplatin (75 mg/m?) versus cisplatin alone (cisplatin
75 mg/m?) in patients with MPM who had no prior chemother-
apy was conducted in 20 countries (not including Japan) (16).
A total of 448 patients were randomized and treated in this
study (226 treated by pemeirexed/cisplatin (Pem/Cis) and 222
treated by cisplatin). MST in the Pem/Cis ann was 12.1 months
compared with 9.3 months in the cisplatin arm (P = 0.020,
two-sided log rank test). This was the first confirmation of sig-
nificant prolongation of survival for patients with MPM. On the
basis of this evidence, the combination of pemetrexed and cis-
platin was approved for the treatment of MPM in the USA in
2004, Since then, the combination therapy has been approved
in more than 80 countries and regions for the treatment of
MPM, and recognized as a standard care for MPM (8).

In 2005, we initiated a Phase I/II study of Pem/Cis therapy
in Japanese patients with MPM who had no prior chemother-
apy. The primary objectives of this study were to determine
the clinically recommended dose (RD) of Pem/Cis therapy
in the Phase I portion of the study (Step 1), and to examine
tumor response of the combination therapy in the Phase II
portion (Step 2). The secondary objectives included
time-to-event efficacy outcomes [the duration of response,
progression free survival (PFS), and overall survival time],
1-year survival rate, quality of life (QOL) assessments,
pulmonary function tests and safety,

PATIENTS AND METHODS
PATIENT SELECTION

Chemonaive patients with histological diagnosis of MPM,
regardless of clinical stage and who were not candidates for
curative surgery, were assessed for eligibility, Eligible
patients needed to be 20—74 years old with a life expectancy
>12 weeks and an Eastern Cooperative Oncology Group
performance status (PS) 0 or 1. Patients were also required

to have adequate organ functions: bone matrow reserve
[platelets >100 x 10°/mm?, hemoglobin >9.0 g/dl, and
absolute neutrophil count (ANC) >2.0 x 10®/mm?], hepatic
function [bilirubin <1.5 x upper limit of normal (ULN),
aspartate/alanine transaminase (AST/ALT) <2.5 x ULN,
and serum albumin >2.5g/dl], renal function (serum
creatinine <ULN, and calculated creatinine clearance
>45 ml/min using the Cockeroft and Gault formula), lung
function (functional oxygen saturation [SpO,] >92%) and
normal electrocardiogram,

Patients were excluded from this study for active infection,
symptomatic brain metastasis, a wide-spread diffuse shadow
in the lung caused by interstitial pneumonitis diagnosed by
chest X-ray, pregnancy, serious concomitant systemic dis-
orders incompatible with the study, clinically significant
effusions, Common Terminology Criteria for Adverse Events
(CTCAESs) v3 grade >2 peripheral neuropathy, the inability
to discontinue aspirin and other non-steroidal anti-
inflammatory agents or the inability or unwillingness to take
folate and vitamin By, during the study.

This study was conducted in compliance with the guide-
lines of good clinical practice and the Declaration of
Helsinki, and it was approved by the local institutional
review boards. All patients gave written informed consent
before study entry. The Efficacy and Safety Evaluation
Committee (ESEC), an independent body, was consulted if
any efficacy and safety issues arose in the study.

Stupy DEsiGN

This was a Phase I/II, multicenter, single-arm, open-label
study, performed in two steps. The RD level established in
Step 1 was carried forward in Step 2. Patients enrolied in Step
1 at the RD level could continue in Step 2 unless otherwise
indicated. The planned number of patients in total of Steps 1
and 2 treated with Pem/Cis was 18—38 for examination of
efficacy and safety profile. In Step 1, six patients were to be
enrolled in each dose level. The lower number of the planned
number of patients, |8, was set as the minimum number of
patients needed to confirm that the response rate of the study
drugs was significantly larger than the threshold rate of 10%
at one-sided significant level 0.05 with >80% power.

STUDY TREATMENT

Pemetrexed was intravenously administered as a 10-min
infusion on Day 1 of a 21-day cycle, followed by cisplatin
administration intravenously as a 2-h infusion 30 min after
pemetrexed administration. Patients were instructed to take a
daily 1 g multivitamin containing 500 g of folate beginning
| week prior to Day 1 of Cycle { until study discontinuation,
Vitamin By, (1000 wg) was intramuscularly injected, starting
| week prior to Day 1 of Cycle 1 and repeated every 9
weeks until study discontinuation, Patients remained on
study unless they were discontinued, for instance, due to
disease progression and unacceptable adverse events.
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DETERMINATION OF RD FOR STEP 2

In Step 1 (Phase I), four escalating dose levels were planned:
pemetrexed at 500 (Level 1), 700 (Level 2), 900 (Level 3)
and 1000 mg/m? (Level 4) with cisplatin held at 75 mg/m’.
In addition, a lower dose level (Level —1) was planned at
pemetrexed 500 mg/m? and a lower dose of cisplatin 60 mg/
m? for a failure case of dose-escalation in Level 1. In the
dose-escalation procedure, the starting dose of pemetrexed
was set to be 500 mg/m? which is ca. 40% of the maximum
tolerated dose (MTD) of pemetrexed monotherapy with folic
acid and vitamin B,, supplementation determined in a
JTapanese Phase I study; the MTD and RD of pemetrexed
were determined to be 1200 and 1000 mg/m?, Tespectively
(7). The percentage of the starting dose to the MTD was
based on a guideline for Phase I/II study on anticancer drugs
(10). For escalation of pemetrexed dose, a modified
Fibonacei dose-escalation method was used (2). Dose level
reduction or escalation depended on the incidence of dose-
limiting toxicity (DLT) at a given dose level (Fig. 1). If two
of six patients at Levels 1, 2 or 3 developed DLT, that dose
level was considered the RD for Step 2 (Phase II) of the
study, and then Step 2 was initiated. This was also the case
for Level —1 or 4 if 0—2 patients developed DLT. If three
or more patients developed DLT at a given dose level
(except dose Level —1), the next lower dose level was con-
sidered the RD level for Step 2. If three or more patients had
DLT at Level —1, a decision was made as to whether the
study should be continued.

A DLT was defined as a toxicity occurring in Cycle 1
meeting one of the following criteria: any grade >3 non-
hematologic toxicity (except nausea, vomiting, anorexia and
fatigue), grade >2 peripheral neuropathy or hearing loss/
impairment, grade >3 febrile neutropenia (<1000/mm?*
with >38.5°C), grade 4 leukopenia (<1000/mm3) or neu-
tropenia (< 500/mm?) lasting >3 days, thrombocytopenia
(<25000 /mm3), or thrombocytopenia requiring platelet
transfusion. A failure to start the second cycle by Day 29
due to toxicity was also considered a DLT. All toxicities
were assessed according to CTCAE.

Step 1 Step 2
| E06/60° } - 500/60 (Lovel 1)
OLT 23767 DLY=0-20
(68078 = 500/75 (Level 1)
OLT=0-16 DLY 23
§ ¥ DLY=26
00175 } 700775 (Level 2)
DLT=0-1/6 B i S
900175 — 900/75 (Lave! 3)
] OLT 2%
DLT=0:115 ____j}i.T:O-ZIB
o[ T000775 _} 1000/75 (Level 4}

*pemetrexed fmaim?iicsplohin (mgin?)
“nurerator=nmber of pabents with OLTs, denonunator=number of palients ina cohort

Figure 1. Scheme of dose-escalation Steps [ and 2. DLT, dose-limiting
toxieity.

Jpn J Clin Oncol 2008;38(5) 341

TREATMENT ASSESSMENTS
ANTI-TUMOR ACTIVITY

Disease staging was assessed according to International
Mesothelioma Interesting Group Tumor Node Metastasis
(IMIG TNM) staging criteria (13). Within 28 days before the
first treatment and approximately every 4 weeks after the
first treatment, computer tomography or X-ray imaging of
each lesion was performed. Tumor response was assessed
using the modified Southwest Oncology Group (SWOG) cri-
teria, Unidimensionally measurable lesions were defined as
Measurable disease, and assessed objectively by the sum of
the greatest diameters of them, Bidimensionally measurable
lesions defined in the standard SWOG criteria (5) were
assessed in the similar way. Best overall response selected
from total overall response assessments was determined
according to assessment of the Extramural Case Judgment
Committee (E-CIC). Duration of response was measured as
from the date of the first objective assessment of complete
response (CR) or partial response (PR) until the date of the
first assessment of progression of disease (PD). PFS was
measured as from the registration date of Cycle | treatment
until the first date of PD or death from any cause. Overall
survival time was measured as from the registration date of
Cycle 1 treatment until the date of death from any cause or
until the last follow-up date in survival surveillance period.

QOL ASSESSMENTS AND PULMONARY Funcrion TesTs

QOL surveillance was employed using the following ques-
tionnaires: QOL questionnaire for cancer patients treated
with anticancer drugs (QOL-ACD), and functional assess-
ment of cancer therapy for lung cancer (FACT-L). These
questionnaires were used on Day 1 of Cycles 1 and 2, and
on 3 months after Day 1 of Cycle 1. QOL-ACD consists of
four subscales (activity, physical condition, psychological
condition and social relationships) and a total QOL scale
(face scale) (4). The lung cancer subscale (LCS) score of
FACT-L was used (3). As pulmonary function tests, forced
vital capacity (FVC), forced expiratory volume in | s (FEVy)
and vital capacity (VC) were measured using a spirometer in
the sitting position, All tests followed the Japanese
Respiratory Function Test guidelines (14).

SAFETY

Adverse events were recorded throughout the study and after
the last drug administration until signs of recovery were
evident. Adverse events were evaluated according to
treatment-emergent adverse events (TEAEs) definitions, and
coded using the Medical Dictionary for Regulatory
Activities (MedDRA v9.0). The severity (grade) of an
adverse event was assessed according to CTCAE v3.

STATISTICAL ANALYSIS

The evaluation period of efficacy and safety in this study
was defined as from the beginning of the study treatment to
5 months after the last patient began study treatment. For the
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evaluations of overall survival time and I-year survival rate,
survival surveillance period was defined as from the begin-
ning of the study treatment to 1 year after the last patient
began study treatment. Patients who received the study drugs
and complied with all inclusion/exclusion criteria were
included in full analysis set (FAS). Patients who were treated
with the RD level in Step | or 2 among FAS were included
in efficacy analysis set for efficacy evaluation. Patients who
received the study drugs at least once were included in
safety analysis set for safety evaluation,

Assessment results of the best overall response by the
E-CJC were used for efficacy analysis. Statistical tests based
on binominal distribution were done to confirm that the
response rate of the study drugs was significantly larger than
the threshold rate of 10% at one-sided significant level 0.05.
The threshold rate 10% was set on the basis of historical
data on the response rate of cisplatin alone arm reported in
other studies (15,16).

RESULTS
PaTiENT CHARACTERISTICS

From 2005 to 2006, a total of 25 Japanese patients with
MPM were enrolled in Steps 1 and 2 at seven centers in
Japan. All patients met the eligibility criteria and received
study treatment; all were included in FAS. One patient was
still receiving the study drug at the time of the efficacy and
safety evaluations in this report.

Patient characteristics are summarized in Table 1, The
majority of patients were male (22 patients, 88.0%). The
median age was 61 years (range: 50—74 years). Most
patients had a PS of | (18 patients, 72.0%) and clinical stage
IV (21 patients, 84.0%). The predominant histologic subtype
was epithelial in 64% of patients. Two demographic charac-
teristics showed differences among dose levels. There were
more patients with PS 0 in Level —1 (50.0%) than in Level
1 (21.1%). All six (100%) patients in Level —1 had the epi-
thelial subtype versus 10 (52.6%) patients in Level 1.

Dose-EscarLaTion, Dose-Limiting Toxicity anp RD

One patient in Level 1 of Step 1 died on Day 14 of Cycle 1 due
to exacerbation of pneumonia, respiratory failure (hypoxia) and
disseminated intravascular coagulation (DIC). The ESEC
evaluated the case of the early death. Since the patient had
had the shadow of the lung detected by radiographic image
prior to receiving study treatment, it was unlikely that the
administration of pemetrexed was the primary cause of the
pneumonia. The autopsy of this patient showed that interstitial
changes in the lung were mild and the pathological diagnosis
was an organizing pneumonia. The result of the autopsy was
compatible with the clinical course and suggested that the
direct cause of the death was not the drug-induced interstitial
pnewmonia but the exacerbation of infectious pneumonia, wor-
sened by the study treatment. The case, therefore, was con-
sidered not appropriate for the DLT evaluation,

‘Table 1. Patient characteristics

Step | Level -1  Level { Al treated
(n=6) (n=19) (n=25)
Gender
Male 5 17 22
Female { 2 3
Age
Mean 61 61 61
Sb 3.9 6.3 5.8
Med 61 59 61
Weight(kg)
Mean 62.8 58.1 59.2
SD 8.51 1,19 10.65
Performance status prior
to Cycle 1
0 3 4 7
! 3 15 8

Histological subtype

Epithelioid 6 10 t6
mesothelioma

Sarcomatoid (1] 5 5

mesothelioma

Biphasic 0 4 4
mesothelioma

Other 0 0 0

Asbestos exposure
Had no exposure 2 3 5

Had exposure

FS
=S
o
S

Stage of disease

la 0 0 0
b 0 1 i
U 0 1 1
m | i 2
v 5 16 21

Level 1: pemetrexed 500 mg/n” + cisplatin 75 mg/m®
Leve! — 1: pemetrexed 500 mg/m® + cisplatin 60 mg/m?
SD, standard deviation,

One patient was added in this dose level to assess the safety
profile additionally. Among the six patients in Level | exclud-
ing the case inappropriate for the DLT evaluation, two patients
showed DLTs: drug-induced pneumonitis in one patient and
dose delay of Cycle 2 initiation due to decreased neutrophil
count in the other. According to the protocol definition, Level
1 was determined to be an RD for the next phase (Fig. 1).

The ESEC, however, recommended examining the treat-
ment at Level —1 (pemetrexed 500 mg/m? and cisplatin
60 mg/m?) exploratively to accumulate more safety infor-
mation. Accordingly, six patients were enrolled and treated
at Level —1, and no DLTs were observed in this dose level,

Evaluating the data of these two levels together, the ESEC
agreed to continue Step 2 carefully with the dose of Level
1. The sponsor decided to carry forward into Step 2 with
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an RD of Level | (pemetrexed 500 mg/m? and cisplatin
75 mg/m?). In Step 2, 12 patients were treated at Level 1.

EFFICACY

Nineteen patients (7 in Step | and 12 in Step 2) in Level |
were included in the efficacy analysis set and of 19 patients,
seven patients had PR, five patients had stable disease (SD),
six patients had PD and one patient was classified as not
evaluated. An overall response rate (ORR) was 36.8% [95%
confidence interval (CI): 16.3%—61.6%]. The 95% one-sided
confidence lower limit was 18.8%, exceeding the threshold
level of 10%. The six patients in Level — | had PR; thus, the
ORR for all 25 patients treated with the study drug reached
$2.0% (13 total PR, 95% CI: 31.3%—72.2%).

The secondary efficacy variables were time-to-event out-
comes (the duration of response, PFS and overall survival
time), 1-year survival rate, QOL and pulmonary function
test. The median duration of response was 5.2 months (95%
CI: 4.3—7.3 months) for the seven responders in the efficacy
analysis set {Table 2). The median duration of response for
the six responders at Level —1 was again 5.2 months. For
the efficacy analysis set, median PFS was 4.7 months (95%
CI: 1.3—6.5 months) and MST was 7.3 months (95% CI:
4.6--14.2 months, Fig. 2) with l-year survival rate of 36.8%
(95% CI: 15.2%—58.5%). Median PFS for the six patients at
Level —1 was 10.1 months. MST at Level — 1 could not be
calculated by Kaplan—Meier method. The 1-year survival
rate of Level — 1 (66.7%) was beyond 50%.

The QOL-ACD and FACT-L measures were used for QOL
evaluation. There were no major changes from prior to Cycle
[ to 3 months after Cycle 1 treatment in the mean scores for
the activity and physical condition subscales of QOL-ACD
(Table 3); however, mean scores from prior to Cycle 1 to 3
meonths after Cycle 1 treatment for the psychological condition
and social relationships subscales numerically increased. The
mean LCS score of FACT-L did not change substantially from
prior to Cycle 1 to 3 months after Cycle | treatment (data not
shown), These score changes indicate that QOL of the patients
was maintained without worsening from baseline. Pulmonary
function was also maintained with no worsening from baseline
observed in the pulmonary function tests (FEV, FVC and
VC) in the efficacy analysis set (data not shown).

SAFETY

Of 25 patients of the safety analysis set, three died during
the study period: one (Level 1, Step 1) from exacerbation of
pneumonia as a pre-gxisting complication, respiratory
failure, and DIC, as described earlier, and the other two
(Step 2) due to study disease. Two patients experienced non-
fatal serious adverse events (fever and aspiration pneumonia,
respectively). A causal relationship between fever and the
study drugs could not be ruled out, but the aspiration pneu-
monia was not considered related to study drugs. Adverse
events leading to discontinuation from study treatment were
observed in six patients: one patient at Level 1 and three
patients at Level — 1 in Step 1 and in two patients in Step

Jpn J Clin Oncol 2008;38(5) 343

Table 2. Summary of time-to-event outcomes and 1-year survival rates

Step 1 Level —1 Level { All treated

(n=6) (n=19 (n=25)
Duration of response (months)
Responders 6 7 13
Med 52 5.2 52
(95% CI) kN 4.3-73 4.3-73
Range 2.7-9.6 2.0-13 2.0-96
Censored 50 143 30.8
(%)
Progression free survival (months)
Med 10.1 4.7 4.8
(95% CI) 43—+ 1,3-6.5 2,574
Range 33-12.1 0.5-9.6 0.5-12.1
Censored 50 10.5 20
(%)
Overall survival (months)
Med NA 7.3 9.2
(95% Ch) 1t —* 4.6-14.2 5.8—144
Range 8.6—19.3 0.5-2L5 0.5-21.5
Censored 66.7 211 32
(%)
1-year survival rate (%)

66.7 36.8 44.0

(95% CI 28.9—-100.0 15.2—58.5 24.5-63.5
*Not calculated. NA, not d

Leve) t: pemetrexed 500 mg/m? + cisplatin 75 mp/m’>. .
Level — {: pemetrexed 500 mg/m” -+ cisplatin 60 mg/m™,
CI, confidence interval.

2. Adverse event leading to discontinuation in two or more
patients was increased blood creatinine (two patients).

Grade 3 or more laboratory TEAEs were observed in
16 patients: four patients at Level 1 and five patients at
Level —1 in Step 1 and in seven patients in Step
2. Laboratory TEAEs observed in at least half of the 25
patients were decreased-hemoglobin, decreased red blood
cell count, decreased neutrophil count, decreased white
blood cell count, decreased lymphocyte count, increased
blood urea and decreased body weight (Table 4). Grade 3 or
more non-laboratory TEAEs were observed in eight patients:
three patients at Level 1 and one patient at Level —1 in Step
1 and in four patients in Step 2. Non-laboratory TEAEs
observed in at least half of the 25 patients were nausea, anor-
exia, vomiting and malaise. No major differences between
Levels 1 and —1 (Step 1) in the incidence of TEAEs were
noted.

For the 19 patients at Level 1, laboratory TEAEs of grade
3 or higher, possibly related to drug, and observed in at least
two patients were decreased neutrophil count (seven patients,
36.8%), decreased hemoglobin (six patients, 31.6%),
decreased white blood cell count (five patients,
26.3%), decreased lymphocyte count (five patients, 26.3%),
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(O]
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Figure 2, Kaplan—Meier plot of overall survival in the efficacy analysis set. Solid lines, overall survival; dotted lines, high and low limits of 95% confidence

interval.

decreased platelet count (two patients, 10.5%) and decreased
blood potassium (two patients, 10.5%). Non-laboratory
adverse drug reactions of grade 3 or higher observed in at
least two patients were vomiting (three patients, 15.8%),
anorexia (three patients, 15.8%), nausea (two patients,
10.5%) and malaise (two patients, 10.5%). Adverse drug
reactions of grade 3 or higher for the six patients in Level
—1 were decreased neutrophil count (three patients),
decreased-hemoglobin (two patients), decreased lymphocyte
count (two patients) and decreased red blood cell count (one
patient).

DISCUSSION

This Phase I/IT study reports the first experience of the com-
bination of pemetrexed and cisplatin therapy in Japanese
patients. The RD of Pem/Cis combination therapy was estab-
lished at pemetrexed 500 mg/m? and cisplatin 75 mg/m?,
with pemetrexed administration on Day 1 of each 21-day
cycle followed by cisplatin, which is the same regimen used
in worldwide for patients with MPM (16).

Of the 19 patients evaluable for efficacy at the RD level,
there were PRs in seven patients, for an ORR of 36.8%
(95% CI: 16.3%—61.6%). A pivotal Phase III study of the
same regimen as that applied of the present study, yielded a
response rate of 41.3% (95% CI: 34.8%—48.1%) in 225
patients (16). The response rates from both studies are com-
parable despite of the large difference in sample size.

The response rate of all the 25 treated patients was higher
than the response rate for the 19 patients treated at the RD
(52.0% versus 36.8%). This is due to the fact that all the six
patients in Level —1 had PR. The excellent outcome
observed in Level —1 may be attributed to differences

between those patients who received the RD and those
patients in Level —1 in the histological subtype of mesothe-
lioma. All six patients in Level —1 had an epithelial
subtype. which is known as a favorable prognostic factor,
while only about half of the 19 patients at the RD had this
subtype. In addition, the PS of the patients in Level — 1 was
better than the patients at RD.

A secondary efficacy endpoint MST showed 7.3 months in
this study, shorter than that of the Pem/Cis arm in the Phase
1T study (12.1 months) (16). Although it would be difficult
to compare MST of this study derived from a small sample
size with the large Phase Il study (n = 226), the discrepancy
of survival between the two studies could be ascribed for the
demographic characteristics of patients in both. There are
less patients who had good prognostic factors in this study
than in the Pem/Cis arm of the Phase III study: epithelial
subtype: 52.6% versus 68.1%, a good PS: 21.1% (PS = 0)
versus 51.8% (Karnofsky PS = 90/100) and clinical stage
1/11: 8.0% versus 22.6% (16),

In this study, the most common adverse events (>50%
of patients) were decreased-hemoglobin, erythropenia,
neutropenia, leukopenia and lymphopenia for laboratory
parameters, and nausea, anorexia, and vomiting for non-
laboratory parameters. These hematologic and gastroin-
testinal events were similarly observed in the Pem/Cis arm
of the pivotal Phase III study (16). No grade 3/4 febrile neu-
tropenia toxicity which is a potentially life-threatening event
was reported in our study. One death by pneumonitis was
observed in this study; however, the patient was considered
to have a pre-existing condition before initial treatment with
study therapy. Adverse events observed in this study were
predictable from safety profile observed in overseas trials
and market experiences of pemetrexed and cisplatin combi-
nation therapy.
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Table 3. Summary of QOL questionnaire for cancer patients treated with
anticancer drugs (Level |, n=19)
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Table 4, S
>25% patients

y of treatment;

gent adverse events {TEAEs) reported

Subscale  Measurement n Mean SD Min  Med Max
Point

Activity
Prior to Cyclel 19 629 2535 200 600 1000
Prorto Cycle2 15 61.8 32,27 50 700 1000
Priorto Cycle3 14 69.6 2179 200 750 95.0

Cyclel +3M 11 685 3213 50 700 100.0
Physical

Prior to Cyclel 19 647 2233 150 700 100.0
Priorto Cycle2 15 64,3 1811 200 650 95.0
Prior to Cycle3 14 66.2 1833 300 700 85.0

Cyclel +3M 11 614 2146 350 600 950

Psychological

Prior to Cyclel 19 53.2 2062 135 563 gL.3
Prior to Cycle2 15 596 24,87 125 625 1000
Priorto Cycle3 14 580 1741 3L3 563 875

Cyclel +3M 11 614 18.07 375 6838 87.5

Social
Priorto Cyclel 19 329 2156 50 250 750
Priorto Cycle2 15 337 1913 00 250 70.0
Prior to Cycle3 14 43.6 1994 100 425 85.0
Cyclel +3M 11 364 22359 100 300 85.0
Face scale

Prorto Cyclel {9 500 2357 00 500 1000
Prior to Cycle2 14 554 2437 00 500 1000
Priorto Cycle3 14 643 2344 250 500 100.0

Cyclel +3M 11 636 2050 250 750 100.0

Level 1: pemetrexed 500 mg/m? -+ cisplatin 75 mg/m™ M, months,
QOL, quality of life,

CONCLUSION

The RDs for the Pem/Cis combination are pemetrexed
500 mg/m? and cisplatin 75 mg/m?, which is the same
regimen used in worldwide for patients with MPM. The
combination shows promising efficacy with an acceptable
safety profile in Japanese patients with MPM.

On January 2007, Pem/Cis combination therapy was
approved and launched for the treatment of patients with
MPM in Japan. Intensive post-marketing surveillance in
patients with MPM is ongoing.

Funding

This study has been supported and funded by Eli Lilly Japan
K.X., Kobe, Japan.

Conflict of interest statement
S.A, and Y.N. are employed by the sponsor, Eli Lilly Japan
K.K.; N.S. and M.F. are paid consultants to the sponsor.

System organ Step 1 Level 1 All treated
class preferred 1erm Level =1 (n=19) (n=25)
(n=26)

Patients with > | TEAEs 6 19 25

Laboratory
Hemoglobin decreased 6 18 24
Red blood cell count decreased 6 16 22
Neutrophil count decreased 5 16 21
White blood cell count decreased 5 15 20
Lymphocyte count decreased 5 12 17
Blood ures increased 5 11 16
Weight decreased 3 2 15
Blood albumin decreased 2 10 12
Platelet count decreased 4 8 12
Protein total decreased 3 9 2
Blood creatinine increased 4 7 11
Neutrophil count increased 2 8 10
White blood cell count increased 2 8 10
Blood sedium decreased 2 7 9
Alanine aminotransferase increased I 7 8
Protein urine present 1 7 8
Aspartate aminotransferase increased 1 6 7
Blood magnesium decreased 2 5 7
Blood potassiwm decreased 0 7 7

Non-laboratory
Nausea 6 18 24
Anorexia 6 i6 22
Voniting 3 15 18
Malaise 5 10 15
Constipation 3 9 12
Hiccups 3 5 8
Rash 2 6 8
Diarrhoea 1 6 7
Oedema 2 5 7
Pyrexia 2 S 7
Dysgeusia 3 4 7
Headache I 6 7

Level 1: pemetrexed 500 mg/m? + cisplatin 75 mgfm®
Level — 1: pemetrexed 500 imng/m® + cisplatin 60 mg/m?
MedDRA Ver 9.0.
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ORIGINAL ARTICLE

A Randomized, Double-Blind, Phase lla Dose-Finding Study
of Vandetanib (ZD6474) in Japanese Patients With Non-
Small Cell Lung Cancer
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and Masahiro Fukuoka, MD, PhD}

Introduction: Vandetanib (ZACTIMA™) is a once-daily, oral
anticancer drug that selectively inhibits vascular endothelial growth
factor receptor (VEGFR) and epidermal growth factor receptor
(EGFR) signaling. Vandetanib was evaluated as a monotherapy ina
randomized, double-blind, dose-finding study in Japan.

Patients and Methods: Eligible patients with locally advanced or
metastatic (stage 1IB/IV) or recurrent non-small cell lung cancer,
previously treated with chemotherapy, were randomized to receive
once-daily oral vandetanib 100, 200, or 300 mg (1:1:1). The primary
objective was to determine the objective response rate for each
vandetanib dose.

Results: Fifty-three patients received vandetanib (100 mg, » = 17;
200 mg, » = 18; 300 mg, » = 18). The objective response rate in
each dose arm was 17.6% (3 of 17; 100 mg), 5.6% (1 of 18; 200
mg), and 16.7% (3 of 18; 300 mg). Common adverse events
included rash, diarthea, hypertension, and asymptomatic QTc pro-
longation. The adverse event profile was generally consistent with
that reported previously for agents that inhibit the VEGFR or EGFR
signaling pathways. Among the three responders evaluated for
EGFR mutation, two had no mutation, and in one case, the EGFR
mutation status could not be determined by direct DNA sequencing
and amplification refractory mutation system assay of EGFR exons
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19-21. Baseline plasma VEGF levels appeared to be lower in
patients who experienced clinical benefit after vandetanib treatment.
Conclusion: In Japanese patients with advanced non-small cell lung
cancer, vandetanib monotherapy (100-300 mg/d) demonstrated an-
titumor activity with an acceptable safety and tolerability profile.

Key Words: Non-small cell lung cancer, Vandetanib, EGFR,
VEGFR.

(J Thorac Oncol. 2008;3: 386-393)

N on-small cell lung cancer (NSCLC) accounts for approx-
imately 75% of lung cancers and is the leading cause of
cancer-related death worldwide.! Despite the introduction of
more effective chemotherapeutic agents, new approaches are
required to further improve patient outcome and survival. A
major focus of new anticancer research is the targeting of
cell-signaling pathways that contribute to tumor growth and
progression,

Vascular endothelial growth factor receptor (VEGFR)
and epidermal growth factor receptor (EGFR) are key drivers
of tumor angiogenesis and cell proliferation, respectively, and
both pathways have been validated as clinically relevant
targets in NSCLC. The addition of bevacizumab, a human-
ized anti-VEGE-A monoclonal antibody, to paclitaxel and
carboplatin has demonstrated clinical benefit in patients with
NSCLC,? and the EGFR inhibitors gefitinib and erlotinib have
demonstrated clinical activity as single agents in NSCLC.34
Furthermore, EGFR is known to regulate the production of
VEGF and other proangiogenic factors® and resistance to EGFR
inhibition has been associated with increased expression of
VEGF in a human tumor xenograft model of NSCLC.¢ There-
fore, targeting the VEGFR and EGFR pathways may be more
effective than inhibiting either pathway alone. This hypoth-
esis is supported by the promising results from early clinical
evaluation of erlotinib and bevacizumab in combination in
patients with recurrent NSCLC.?

Vandetanib (ZACTIMATM) is a once-daily, orally
available anticancer drug that inhibits VEGFR- and EGFR-
dependent signaling,? as well as the RET (REarranged during
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Transfection) receptor tyrosine kinase, which is an important
growth driver in certain types of thyroid cancer.? Early clinical
evaluation of vandetanib has demonstrated a promising effi-
cacy and safety profile in a broad population of patients with
advanced cancer. Phase I studies in advanced solid tumors
conducted in the USA/Australia!® and Japan'! showed that
once-daily doses of vandetanib (up to and including 300 mg)
were generally well tolerated. In the Japanese study, objective
tumor responses were observed in 4 of 9 patients with
refractory NSCLC. Subsequent phase 1T studies in advanced
NSCLC demonstrated antitumor activity both as a mono-
therapy and in combination with certain chemotherapy.t2-14
The positive outcome of these phase II trials led to the
ongoing phase III evaluation of vandetanib in previously
treated advanced NSCLC.

The primary objective of this randomized phase Ila
study was to assess the objective response rate (ORR) to
vandetanib (100, 200, or 300 mg/d) in Japanese patients with
refractory NSCLC. The three doses investigated were se-
lected based on the outcome of the Japanese phase I trial.”

PATIENTS AND METHODS

Patients

Patients with histologic or cytologic confirmation of
locally advanced/metastatic (stage IIIB/IV) or recurrent
NSCLC after failure of 1 or 2 platinum-based chemotherapy
regimens were recruited from eight centers in Japan. The
main eligibility criteria were age =20 years, a WHO perfor-
mance status of 0 to 2, an estimated life expectancy =12
weeks, and completion of prior chemotherapy and/or radio-
therapy at least 4 weeks before study entry (8 weeks for chest
radiation and 6 weeks for mitomycin C). Patients with squa-
mous cell histology were also eligible, and brain metastases
were permitted if patients were asymptomatic and did not
require corticosteroid treatment. Key exclusion criteria were
a mixed small-cell and non-small cell histology, evidence of
severe or uncontrolled systemic diseases, poorly controlied
hypertension, a QTc interval =460 milliseconds by electro-
cardiogram during the screening period, and prior treatment
with EGFR or VEGFR signaling inhibitors. All patients
provided written informed consent. The study was conducted
in accordance with the ethical principles stated in the Decla-
ration of Helsinki, applicable guidelines on good clinical prac-
tice, local Institutional Review Board approval, and the Astra-
Zeneca policy on Bioethics.

Study Design and Treatments

This was a randomized, double-blind, parallel-group,
phase Ila dose-finding multicenter study to assess the efficacy
and safety of vandetanib. A total of 53 patients were random-
ized (1:1:1) to receive once-daily oral vandetanib (100, 200,
or 300 mg/d; Figure 1). Patients were stratified by histology
(adenocarcinoma versus others), gender (male versus fe-
male), and smoking history (smoker versus nonsmoker).
Treatment continued until a withdrawal or dose-interruption
criterion was met. These criteria included progressive disease
(PD), unacceptable toxicity, protocol noncompliance, or vol-
untary discontinuation by the patient.

amp| Vandetanib 100 mg/day > 3
n=17 »

Vandetanlb 200 mg/day oEs
n=18 :
Vandetanib 300 mg/day $al

|

FIGURE 1.  Study design,

Efficacy

The primary objective of the study was to determine
ORR with vandetanib monotherapy, using the Response
Evaluation Criteria in Solid Tumors (RECIST); assess-
ments were performed at baseline and every 4 weeks for
the first 24 weeks of treatment, and then every 8 weeks
until withdrawal. A confirmed complete response or partial
response (PR) was considered to be an objective tumor
response. Investigator assessment of best overall tumor
response was used for the primary analysis and these
assessments were subsequently submitted to AstraZeneca
for review by the response evaluation committee. Second-
ary efficacy endpoints included time to progression (TTP),
duration of response (the time interval between the date of
first documented objective tumor response until the date of
PD or death), and disease control rate (DCR) for each dose
of vandetanib. Time to progression was calculated from
the date of randomization until the date of PD or death (in
the absence of progression) and estimated using the
Kaplan-Meier method. DCR was defined as confirmed
complete response, PR, or stable disease (SD) =8 weeks.

Safety and Tolerability

Safety was assessed by monitoring for adverse events
(AEs) and collecting laboratory data. All AEs were collected
for up to 30 days after the last dose of vandetanib and were
graded according to Common Terminology Criteria for Ad-
verse Events (CTCAE, version 3). Unless otherwise clinically
indicated, 12-lead electrocardiograms were performed twice
at screening, weekly for the first 8 weeks of treatment, and
then once every 4 weeks thereafter. Vandetanib treatment
was interrupted following: a single QTc measurement =550
milliseconds; 2 consecutive QTc¢ measurements =500 milli-
seconds but <550 milliseconds; an increase of =100 milli-
seconds from baseline; or an increase of =60 milliseconds
from baseline QTc to a QTc¢ value =460 milliseconds. Upon
resolution of QTc prolongation, vandetanib treatment was
recommenced at a reduced dose.

Pharmacokinetics

To investigate the pharmacokinetic (PK) profile of
vandetanib, blood samples were collected on the same days
as scheduled electrocardiogram measurements. Plasma con-
centrations of vandetanib were determined using reversed-
phase liquid chromatography-mass spectrometry, The col-
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lected data were related to a nonlinear mixed effects model to
estimate population PK using NONMEM V (v 1.1).

Tumor Biomarkers

An exploratory objective of this study was to investi-
gate how variations in copy number or mutational status of
the EGFR gene affect tumor response in advanced NSCLC
patients receiving vandetanib treatment. Tumor biopsy sam-
ples were obtained from consenting patients, formalin-fixed,
and embedded in paraffin. Gene copy number was investi-
gated by fluorescence in situ hybridization using the LSI
EGFR SpectrumOrange/CEP 7 SpectrumGreen probe (Vysis,
Abbott Laboratories, IL) according to a previously published
method.'s Tumor samples had a high EGFR gene copy
number if there was high gene polysomy (=4 EGFR gene
copies in =40% of tumor cells) or gene amplification (pres-
ence of tight EGFR gene clusters, an EGFR gene to chromo-
some 7 ratio of =2, or =15 copies of the EGFR gene per
tumor cell in =10% of analyzed cells).

EGFR mutations were analyzed by DNA sequencing of
exons 19-21, and additionally by using the amplification
refractory mutation system (ARMS) assay to detect the exon
21 L858R point mutation and the most common exon 19
deletion (del G2235-A2249).16

Plasma Biomarkers

Plasma samples were collected from patients at base-
line, day 29, and day 57, and stored at —70°C. The concen-
trations of the following angiogenic markers were determined
by colorimetric Sandwich ELISA (R&D Systems, Minneapolis,
USA): VEGF (Cat. #DVE00), the soluble angiopoietin receptor
Tie-2 (Cat, #DTE200), and VEGFR-2 (Cat. #DVR200).

RESULTS

Patient Characteristics

Fifty-three patients were recruited from eight centers in
Japan between December 27, 2004, and September 30, 2005.
All were randomized on this study and received study drug.
Patient characteristics and baseline demographics were gen-
erally similar in the three arms, and the patient populations
were considered to be appropriate for the dose-finding objec-
tives of this study (Table 1), At the time of data cut-off (23
January 2006), 11 patients were ongoing; PD was the most
common reason for discontinuation (n = 35). Other rcasons
for discontinuation were AEs (n = 6) and withdrawal of
consent (n = 1).

Efficacy

The overall ORR was 13.2% (95% CI: 5.5-25.3%) (7
of 53 patients), and all 7 responders were PRs (Table 2).
According to vandetanib dose received, the ORRs were
17.6% (95% CI: 3.8-43.4%) (3 of 17 patients; 100 mg),
5.6% (95% CI: 0.1-27.3%) (1 of 18 patients; 200 mg), and
16.7% (95% CI:3.6—-41.4%) (3 of 18 patients; 300 mg). In all
cases, the response evaluation committee assessment of tu-
mor responses was similar to the investigator assessments.
The characteristics of those patients who achieved a PR are
described in Table 3. Secondary efficacy assessments are
presented in Table 2 and Figure 2.

Safety

Overall, the most common AEs were rash, diarrhea,
hypertension, and QTe prolongation (Table 4). In general,
no major differences were observed in the incidences of

TABLE 1. Patient Demographic and Baseline Characteristics (Full Analysis Set)

vandetanib  Vandetanib  Vandetanib
100 mg/d 200 mg/d 300 mg/d Total
n=17) (n = 18) (n = 18) (n = 53)

Median age, yi (vange) 58 (30-78) 61 (43-77) 61 (44-77) 60 (30-78)
Male (%) 11 (64.7) 12 (66.7) 11 (61.1) 34 (64.2)
Female (%) 6(35.3) 6(33.3) 7(38.9) 19 (35.8)
Smoking history”

No (%) 5(29.4) 8 (44.4) 7(38.9) 20 (37.7)

Yes (%) 12 (70.6) 10 (55.6) 11 (61.1) 33 (62.3)
WHO performance status 0/1/2 5/12/0 71140 6/12/0 18/35/0
Previous chemotherapy

One regimen (%) 13 (76.5) 9 (50.0) 14 (77.8) 36 (67.9)

Two regimens (%) 4 (23.5) 9 (50.0) 4(22.2) 17 (32.1)
Staging (%)

B 2(1L8) 3(16.7) 1(5.6) 6(11.3)

v 14 (82.4) 12 (66.7) 15 (83.3) 41(774)

Recurrent 1(5.9) 3(16.7) 2(1L1) 6(11.3)
Histology (%)

Squamous 5(29.4) 6(33.3) 4(22.2) 15 (28.3)

Adenocarcinoma 11 (64.7) 12 (66.7) 12 (66.7) 35 (66.0)

Other 1(5.9) 0 2(1LD) 3(5.7)
Brain metastasis at study entry (%) 4(23.5) 3(16.7) 5(27.8) 12 (23.6)

“ No, patients who have smoked <100 cigareties in their lifetime; Yes, patients who have smoked >100
cigarettes in their lifctime.
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TABLE 2. Efficacy Summary

Vandetanib Vandetanib Vandetanib
100 mg/d 200 mg/d 300 mg/d
(n=17) (n = 18) (n = 18)
Primary efficacy assessment
Best response (RECIST)
Partial response, #n (%) 3(17.6) 1(5.6) 3(16.7)
Stable disease =8 wk, n (%) 5(29.4) 6(33.3) 8 (44.4)
Disease progression, n (%) 9(52.9) 10 (55.6) 7 (38.9)
Not evaluable, n (%) 0 1(5.6) 0
\ Secondary efficacy assessments
Disease control =8 wk, n (%) 8(47.1) 7(38.9) 11 (61.1)
| Duration of response (wk)
Median (range)™ ma nd 15.9 (1.3-20.1)
Time to progression (wk)
Median (range)” 8.3 (4.0-40.7) 12.3 (0-40.3) 123 (14-32.7)
No. of events 12 13 13

na, not applicable; RECIST, Response Evaluation Criteria in Solid Tumors.
“ Median cstimated using the Kaplan-Meier method.
# This parameter could not be estimated in the 100 and 200 mg/d arms owing to the lack of progressions by the date of data cut-off,

TABLE 3. Characteristics of Patients Who Were Partial Responders

Previous

Treatment Age Smoking Chemotherapy Time to Duration of
(initial dose) Gender {yr) History” Histology Regimens PR (d) Response (d)
100 mg Male 65 Yes Adenocarcinoma 1 28 2044

100 mg Female 72 Ne Adenocarcinoma 1 78 141%

100 mg Male 52 No Adenocarcinoma 1 143 141*
200 mg Female 69 No Adenocarcinoma 1 26 1407
300 mg® Male 69 Yes Adenocarcinoma 2 31 51

300 mg Female 68 No Adenocarcinoma 1 28 81
300 mg Female 55 No Adenocarcinoma 1 82 141

“ No, patients who have smoked <100 cigareties in their lifetime; Yes, patients who have smoked >100 cigarettes in their lifetime.

* Censored on the day of last tumor cvaluation duc to absence of discase progression {response ongoing at data cut-off).

“ Patient started study treatment with 300 mg and the treatment was stopped 29 d aftor the start due to QTc prolongation. The patient re-started at a reduced
dose level (200 mg) 35 d afier the start,

100 47— 100 moday the common AEs across the three vandetanib arms, al-
' —— 200 me/day though the incidences of diarrhea, constipation, and abnor-
~~~~~~~~ 300 mp/day mal hepatic function were numerically higher in the van-
detanib 300 mg arm compared with the 100 or 200 mg arms.
A dose-dependent increase in the incidence of CTC grade 3
and 4 events was observed; the incidence of these events in
the 100, 200, and 300 mg dose arms were 29.4% (5 of 17
patients), 38.9% (7 of 18 patients), and 66.7% (12 of 18
patients), respectively. Of the 24 CTC grade 3 or 4 AEs
considered by the investigator to be vandetanib-related, hy-
1 pertension (100 mg, n = 4; 200 mg, n = 3; 300 mg, 7 = 3),
3 and asymptomatic QTc prolongation (200 mg, n = 1; 300
% mg, n = 1) were reported in more than one patient. Across the
three dose levels, the AEs in this study were generally
0 5 10 15 20 25 3 35 4 45 manageable with symptomatic treatment, dose interruption,

Atrisk Weeks or reduction,
100mg 17 10 8 ] ] 4 3 1 1 0 Six patients discontinued vandetanib because of an AE
200mp 18 12 8 5 4 2 2 1 1 0 considered by the investigator to be vandetanib-related: crypto-
0mg 18 16 1 7 5 3 3 0 0 0 genic organizing pneumonia (COP), hepatic steatosis, and pho-
FIGURE 2. Kaplan-Meier curve for time to progression, tosensitivity reaction (each » = 1, 200 mg arm); QTc prolon-

0.76 1

0.50

026

Probabililty of ramaining progression-free
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TABLE 4. Number of Patlents With Most Commonly Reported Adverse Events
(Occurring in =10% Across all Treatment Groups), Regardless of Causality

Vandetanib Vandetanib Vandetanib
100 mg/d 200 mg/d 300 mg/d Total
MedDRA Preferred Term” (n=17 (n = 18) (n = 18) (n = 53)
Rash (%) 10 (59) 9 (50) 9 (50) 28 (53)
CTC grade 3/4 0/0 1/0 0/0 1/0
Diarrhea (%) 8 (41.1) 8 (44) 11 (61) 27 (51)
CTC grade 3/4 0/0 1/0 10 2/0
Hypertension (%) 8 (47) 10 (56) 7(39) 25 (47)
CTC grade 3/4 4/0 3/0 3/0 10/0
ECG QTc¢ prolouged (%) 4 (24) 9 (50) 8 (44) 21 (40)
CTC grade 3/4 0/0 1/0 10 2/0
Photosensitivity reaction (%) 2(12) 5(28) 5 (28) 12 (23)
CTC grade 3/4 0/0 0/0 0/0 0/0
Nasopharyngitis (%) 3(18) 4(22) 4 (22) 1120
CTC grade 3/4 0/0 0/0 0/0 0/0
Dry skin (%) 2(12) 4 (22) 5(28) 11 2hH
CTC grade 3/4 0/0 0/0 0/0 0/0
Nausea (%) 3(18) 3N 4 (22) 106(19)
CTC grade 3/4 0/0 0/0 0/0 0/0
Constipation (%) 2(12) 1(6) 6(33) 9(17)
CTC grade 3/4 0/0 0/0 0/0 0/0
Fatigue (%) 4(24) 1(6) 21 7(13)
CTC grade 3/4 0/0 0/0 0/0 0/0
ECG QT prolonged (%) 1 (6) 2(1Y) 4(22) 7(13)
CTC grade 3/4 0/0 0/0 0/0 0/0
Hepatic function abnormal (%) 1(6) 1 (6) 4(22) 6(1h)
CTC grade 3/4 0/0 0/0 1/0 1/0
Hematuria (%) 2 (12) 2 (12) 2(12) 6(11)
CTC grade 3/4 0/0 0/0 0/0 0/0

* MedDRA version 8.1,
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FIGURE 3. Observed maximum vandetanib plasma con-

centration at day 28. Patients who received dose reduction
within the first 28 days were excluded.

gation, alanine aminotransferase increased, and erythema
multiforme (each n = 1, 300 mg arm). Only COP was classed
as a serious AE. Six patients had vandetanib dose reductions due
to AEs (100 mg, n = 1; 200 mg, n = 1; 300 mg, n = 4).

Seven patients experienced eight respiratory-related
events (COP, dyspnoea, interstitial lung disease [ILD], hypoxia,
pneumonitis [all # = 1], and pneumonia [n = 3]). The incidence
of these events in the three dose levels was 5.9% (1 of 17
patients; 100 mg), 11.1% (2 of 18 patients; 200 mg) and 22.2%
(4 of 18 patients; 300 mg), respectively. Four of these events
were considered to be related to vandetanib (COP, ILD, pneu-
monia [# = 2]). The ILD event was reported in a 64-year-old
male patient in the 300 mg arm and resulted in patient death.
This event was reported 8 days after vandetanib 300 mg was
discontinued because of disease progression. No postmortem
examination was performed and the investigator and a third-
party physician considered the cause of death to be ILD.

All QTe prolongation was asymptomatic and manage-
able with dose interruption and/or reduction. The incidence of
QTc prolongation was lower in the vandetanib 100 mg (24%)
arm compared with the 200 mg (50%) and 300 mg (44%)
arms. The mean change in QTc interval from baseline to
week 3 (when maximum prolongation was observed) in the
100, 200, and 300 mg arms was + 14 milliseconds (range,
—25 to 29 milliseconds), +16.5 milliseconds (range, —36 to
49 milliseconds), and +27.6 milliseconds (range, 4 to 51
milliseconds), respectively. Protocol-defined QTc prolonga-
tion determined at the treatment site resulted in dose reduc-
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TABLE 5. Estimated Pharmacokinetic Parameters of Vandetanib?

Steady-state

Exposure Accumulation
Clearance (L/h) Conax (ng/ml) (ng/h/ml) Half-life (d) Ratie
Median 10.2 1282 29,469 6.2 8.87
Minimum value 4,04 740 16,685 34 4.89
Maximum value 17.98 3018 74,257 13.8 19.85

“ Simulated PK parametors if all patients (n = 51) were administered 300 mg vandetanib once a day for 56 d.

TABLE 6. Summary of Plasma Angiogenesis Biomarker Levels by Best Overall RECIST Response

Best Median (range; n)
Response
Biomarker (RECIST) Baseline Day 29 Day §7
VEGF (pg/ml) PR 22.3 (0-264.2; n = 6) 73.2 (0-164.4; 1 = 6) 80.9 (28.7-183.7, n = 6)
SD 37.0 (0-227.7; n = 16) 79.4 (38.5-281.6; n = 16) 97.4 (19.0-238.7; n = 16)
PD 63.7 (0-897.7; n = 21) 121.0 (10.7-477.9; n = 21) 93.6 (63.9-343.2; n = 5)
Total 51.5 (0-897.7; n = 43) 82.8 (0-477.9; n = 43) 95.5(19.0-343.2, n = 27)
Tie-2 (ng/ml) PR 23.5 (16.6-25.1; n = 6) 22,6 (19.8-38.8;n =€) 233 (17.2-37.0; n = 6)
sSD 26.9 (6.0-33.6; n = 16) 274 (12.3-45.4;, n = 16) 28.5(23.3-52.4; n = 16)
PD 28.5 (18.2-43.3; n = 21} 30.7 (18.0-56.3; n = 21) 30.2 (20.7-36.0; n = 5)
Total 27.4 (6.0-43.3; n = 43) 29.2 (12.3-56.3; n = 43) 27.5(17.2-52.4; n = 27)
VEGFR-2 (pg/ml) PR 7406.5 (5564-9868; n = 6) 6418.5 (4878-8030; n = 6) 6001.5 (4846-7156; n = 6)
SD 75717.5 (5622-8687; n = 16) 6819.5 (4666-8630; n = 16) 6450.5 (5024-8372; n = 16)
PD 7861.0 (4981-11391; n = 21) 6910.0 (3763-11136; n = 21) 6710.0 (4131-8606; n = 5)
Total 7721.0 (4981-11391; n = 43) 6881.0 (3763-11136; n = 43) 6563.0 (4131-8606; n = 27)

PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable discase; Tie-2, soluble angiopoietin receptor; VEGF, vascular

endothelial growth factor; VEGFR-2, vascular endothelial growth factor receptor-2,

tion for five patients (300 mg, » = 4; 100 mg, n = 1); none
of these QTc prolongation events met the protocol criteria for
QTec prolongation by subsequent central review.

No significant abnormalities in any clinical laboratory
variables were observed except for an increase of alanine
aminotransferase (ALT increased) with CTC grade 3 in three
patients in the vandetanib 300 mg arm.

Pharmacokinetic Results

The observed vandetanib plasma concentrations at day
28 for each evaluable patient are shown in Figure 3. These
data were fitted to a one-compartment model to estimate
population PK parameter values for the 300 mg arm, which
were found to adequately characterize the observed plasma
concentrations over time, and there was a good correlation
between the individual predicted and observed data (data not
shown). Estimates of the half-life ranged from 3.4 to 13.8
days, with a median population value of 6.2 days. The
estimated time to PK steady state was approximately 1
month. Simulations from the PK characteristics of this patient
population suggest a median steady-state exposure of approx-
imately 29,500 ng/b/ml for a 300 mg dose administered once
a day and an estimated median C,,, of 1282 ng/ml (range,
740 to 3018 ng/ml). The estimated population PK parameters
for the 300 mg arm are summarized in Table 5.

Tumor Biomarkers

Twenty-seven tumor samples were available for analysis
and 12 of these were evaluable for determination of EGFR gene
copy number by fluorescence in situ hybridization. Four of 12
evaluable patients had high EGFR gene copy number (best
overall RECIST response of SD and PD, both n = 2) whereas
the remaining eight patients did not (best overall RECIST
response: PR, n = 1; SD, n = 3; and PD, n = 4). Nine of 27
samples were successfully sequenced for EGFR exons 19-21,
In addition, 21 of 27 samples had successful ARMS analysis for
L858R and the most common exon 19 deletion mutation (746—
750). A confirmed mutation (exon 19 deletion [746-750]) was
observed in a female nonsmoker from the 200 mg arm with
adenocarcinoma and a high EGFR gene copy number (best
RECIST response of PD). Of the remaining tumor samples, 21
had no EGFR mutation (by DNA sequencing or ARMS analy-
sis), and in five cases, the EGFR mutation status could not be
determined (not evaluable by either DNA sequencing or
ARMS). Tumor samples were obtained from three patients who
achieved a PR. Two of these tumor samples had no EGFR
mutation and one had an unconfirmed result by direct DNA
sequencing and ARMS assay of EGFR exons 19-21,

Blood Biomarkers

Median plasma levels of VEGF showed a trend to
increase during the study period irrespective of clinical out-
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come. In contrast, plasma levels of VEGFR-2 showed a trend
to decrease over the same period, whereas plasma Tie-2
levels did not seem to change (Table 6). Baseline plasma
VEGF levels appeared to be lower in patients who experi-
enced clinical benefit following vandetanib freatment: PR
(median 22.3 pg/ml, n = 6) and SD (median 37.0 pg/ml, n =
16) versus PD (median 63.7 pg/ml, n = 21), Patients with a
low (below median) baseline plasma VEGF level had a
longer TTP (median, 24.1 week) than those with a high
(above median) baseline VEGF level (median, 8.3 weeks)
(Figure 4). No clear relationship was apparent between base-
line levels of plasma Tie-2 and VEGFR-2 and tumor re-
sponse.

DISCUSSION

The primary objective of this phase Ila study was to
assess the ORR to three doses of vandetanib (100, 200, and
300 mg/d) in Japanese patients with advanced or recurrent
NSCLC. These doses of vandetanib were selected based on
the outcomes of a Japanese phase I study where it was
observed that vandetanib was well tolerated up to a dose of
300 mg and objective tumor responses were observed in 4 of
9 patients with NSCLC at doses of either 200 or 300 mg."!

In this study, objective tumor responses were observed
at all three doses of vandetanib. The ORR in the 100, 200,
and 300 mg arms was 17.6% (3 of 17 patients), 5.6% (1 of 18
patients), and 16.7% (3 of 18 patients), respectively. The
DCR and TTP were similar across the three dose arms. It was
noted that 50% (9 of 18) of the patients in the 200 mg arm had
failed two previous chemotherapy regimens, compared with
23.5% (4 of 17 patients) and 22.2% (4 of 18 patients) in the
100 and 300 mg arms, respectively. It is possible that these
differences contributed to the lower ORR observed in the 200
mg arm, although the number of patients in each dose arm
was too small to allow any definitive conclusions to be made.

Vandetanib was well tolerated at 100, 200, and 300 mg
dose levels in this study. Overall, AEs were generally mild
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FIGURE 4. Kaplan-Meler curve of low (below median) ver-
sus high (above median) baseline plasma VEGF and time to
progression.
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and manageable with symptomatic treatment, dose interrup-
tion or reduction. In addition, the AE profile was consistent
with that determined during phase I evaluation in patients
with advanced solid tumors!®!! and phase II monotherapy
data in NSCLC.!2 Furthermore, the AE profile was also
consistent with that reported previously for agents that inhibit
the VEGFR!7:1# or EGFR# !9 signaling pathways. In general,
no apparent dose dependence was noted in the incidence of
the common AEs in this study except for asymptomatic QTc
prolongation (24%, 56%, and 44% for the 100, 200, and 300
mg dose arms, respectively), an event that was manageable
by dose interruption/reduction.

A notable feature of this study, and the phase II pro-
gram for vandetanib in NSCLC, is that patients with squa-
mous cell histology or stable brain metastases were permitted
to enter the trials. Both of these factors have been associated
with an increased risk of bleeding, including severe life-
threatening hemoptysis in NSCLC patients with squamous
histology in a randomized phase II study of bevacizumab
with carboplatin and paclitaxel.20 These events have also
been reported with other inhibitors of VEGF/VEGFR signal-
ing, such as sunitinib and sorafenib.!?:!8 Importantly, no CNS
hemorrhage AEs or hemoptysis attributable to vandetanib
were reported in this study.

The PK profile in this NSCLC patient population was
consistent with that seen previously during Phase I evaluation
in Japanese and USA/Australian patients with a range of solid
tumors. 10!

In patients with NSCLC, specific EGFR mutations are
associated with increased sensitivity to EGFR tyrosine kinase
inhibitors,21:22 and a better survival outcome with gefitinib has
been shown to correlate with high EGFR gene copy number.23
In this study, an exploratory analysis of tumor samples for
amplification of EGFR gene copy number and somatic muta-
tions of the EGFR gene revealed no clear relationship between
EGFR mutation or gene amplification status and clinical out-
come in patients receiving vandetanib. The EGFR mutation
frequency of 4% (1 of 27 patients) is lower than that previously
reported,2425 and further studies are needed to evaluate EGFR
mutation status as a possible predictive marker for vandetanib
therapy in advanced NSCLC,

In addition to EGFR mutation/amplification status,
plasma profiling of cytokines and angiogenic factors may be
a feasible approach for identifying blood-based prognostic
and activity markers for therapies in NSCLC. Preliminary
analysis of plasma concentrations of the angiogenesis mark-
ers VEGF and VEGFR-2 in the present study revealed that
patients with PR or SD were more likely to have low baseline
levels of VEGF than those with PD. It has been shown
previously that low pretreatment levels of circulating VEGF
correlated with a good response to gefitinib treatment in
patients with NSCLC.2¢ The significance of the relationship
between these biomarkers and clinical outcome requires fur-
ther investigation.

In conclusion, vandetanib monotherapy (100-300
mg/d) demonstrated antitumor activity with an acceptable
safety and tolerability profile in Japanese patients with ad-
vanced NSCLC. Based only on this study, there is no com-
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pelling evidence to identify the optimal dose of vandetanib
monotherapy in this population of patients; further investiga-
tion of vandetanib doses in the range 100 to 300 mg is
warranted in Japanese patients with advanced NSCLC. Other
randomized phase II studies of vandetanib in advanced NSCLC
have demonstrated improvements in progression-free sur-
vival with vandetanib 300 mg as a monotherapy versus
gefitinib!? and with the combination of vandetanib 100 mg
and docetaxel.'* Phase III evaluation of vandetanib in a broad
population of patients, both as monotherapy at 300 mg
(versus placebo in patients previously treated with anti-EGFR
therapy [ZEPHYR]; versus erlotinib {ZEST]) and at 100 mg
in combination with docetaxel (ZODIAC) or pemetrexed
(ZEAL), has been initiated in global trials.
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Summary: The multidrug resistance-associated protein 2 (MRP2) encoded by the ABCCZ gene is expressed
in the liver, intestine and kidneys and preferentially exports organic anions or conjugates with glucuronide or
glutathione. In this study, all 32 exons and the 5’-flanking region of ABCCZ in 236 Japanese were rese-
quenced, and 61 genetic variations including 5 novel nonsynonymous ones were detected. A total of 64
haplotypes were determined/inferred and classified into five *1 haplotype groups (1A, "1B, "1C, "1G,
and *1H) without nonsynonymous substitutions and *2 to *9 groups with nonsynonymous variations. Fre-
quencies of the major 4 haplotype groups ‘1A (—1774delG), *1B (no common SNP), *1C(~24C>Tand
3972C>T), and "2 {1249G > A (Vald417lle)] were 0.331, 0.292, 0.172, and 0.093, respectively. This study
revealed that haplotype ‘1A, which has lowered activity, is quite common in Japanese, and that the fre-
quency of *1C, another functional haplotype, was comparable to frequencies in Asians and Caucasians. In
contrast, the haplotypes harboring 3972C > T but not —24C > T (*1G group), which are reportedly common
in Caucasians, were minor in Japanese. Moreover, the allele 1446C>T (Thr482Thr), which has increased
activity, was not detected in our Japanese population. These findings imply possible differences in MRP2-
mediated drug responses between Asians and Caucaslans.
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Introduction

The multidrug resistance-associated protein 2 (MRP2) or
canalicular multispecific organic anion transporter
(cMOAT) is a 190-200 kDa transmembrane glycoprotein
comprised of 1545 amino acids and belongs to the superfa-
mily C of ATP-binding cassette (ABC) transporters. This
transporter is expressed on hepatic canalicular membranes,
intestinal apical membranes, luminal membranes of renal
proximal tubules, placental epithelial cells, and the blood
brain barrier.”” MRP2 exports endogenous and exogenous
substances, preferentially organic anions or conjugates with
glucuronide, glutathione and sulfate." This protein origi-
nally identified in cisplatin-resistant tumor cells” is shown
to confer drug resistance to other anti-cancer drugs, such as
vincristine and doxorubicin.*®

MRP2 is encoded by the ABCC2 gene located on chromo-
some 10q24 and consists of 32 exons (31 coding exons) and
spans 69 kb, Several ABCC2 genetic variations have been de-
tected in patients with Dubin-Johnson syndrome (DJS), an
autosomal recessive disease characterized by hyper-
bilirubinemia with conjugated bilirubin or increased
coproporphyrin excretion in urine.?” Recent studies on
ABCC2 have identified common single nucleotide polymor-
phisms (SNPs) such as —24C>T and —3972C>T (lle
13241le) among several ethnic populations, and several stu-
dies have suggested their association with altered MRP2 ex-
pression or function.®!'” In more recent studies on 4BCC2
haplotypes covering an extended 5’-flanking region, close
linkages were found among — 1549A > G in the 5 -flanking
region and two common SNPs —24C>Tand —3972C>T
(Ile132411e).8) In addition, as possible functional SNPs,
= 1774delG in Koreans® and — 1019A > G in Caucasians'®
were reported. However, there is little information on de-
tailed haplotype structures throughout the gene, and com-
prehensive haplotype analysis in Japanese has not yet been
conducted.

We previously analyzed ABCC2 genetic variations within
all 32 exons and the proximal 5’flanking region (approxi-
mately 800 bp upstream of the translation initiation site) us-
ing established cell lines derived from Japanese cancer
patients to obtain preliminary information on ABCC2 SNPs
in ]apanese.ls) In this study, to reveal ABCC2 haplotype
structures in Japanese, we resequenced the ABCCZ gene in-
cluding the distal 5'-upstream region (approximately 1.9 kb
upstream from the translation initiation site) as well as all
32 exons in 236 Japanese subjects and conducted haplotype
analysis using the detected genetic polymorphisms.

Materials and Methods

Human DNA samples: Genomic DNA samples were
obtained from blood leukocytes of 177 Japanese cancer
patients at two National Cancer Center Hospitals (Tokyo
and Chiba, Japan) and Epstein-Barr virus-transformed lym-
phoblastoid cells prepared from 59 healthy Japanese volun-
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teers at the Tokyo Women’s Medical University under the
auspices of the Pharma SNP consortium (Tokyo, Japan).
Written informed consent was obtained from all subjects.
Ethical review boards of all participating organizations ap-
proved this study.

PCR conditions for DNA sequencing: We sequ-
enced all 32 exons of the ABCC2 gene and approximately
800 bp upstream of the translation initiation codon (prox-
imal 5’-flanking region) as described previously and also ex-
tended the sequenced region to 1.9kb upstream of the
translation initiation site (distal 5'-flanking region). Briefly,
for amplification of the proximal 5’-flanking region and 32
exons, 5 sets of multiplex PCR were performed from 200
ng of genomic DNA using 1.25 units of Z-taq (Takara Bio.
Inc., Shiga, Japan) with 0.3 uM each of the mixed primers as
shown in Table 1 [1st PCR]. The first PCR conditions con-
sisted of 30 cycles of 98°C for 5 sec, 55°C for 5 sec, and 72
°C for 190 sec. Next, each exon was amplified separately
using the 1st PCR product by Ex-Taq (0.625 units, Takara
Bio. Inc.) with appropriate primers (0.3 uM) (Table 1){2nd
PCR]. The conditions for the second round PCR were 94°C
for 5 min, followed by 30 cycles of 94°C for 30 sec, 55°C
for 1 min, and 72°C for 2 min, and then a final extension at
72°C for 7 min. For amplification of the distal 5'-flanking
region, multiplex PCR was performed from 25ng of
genomic DNA using 1 unit of Ex-Taq (Takara Bio. Inc.) with
0.4 uM each of the 2 sets of primers as shown in Table 1
[PCR]. The PCR conditions were 94°C for 5 min, followed
by 30 cycles of 94°C for 30 sec, 60°C for 1 min, and 72°C
for 2 min, and then a final extension at 72°C for 7 min,

Following the PCR, products were treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH, USA)
and directly sequenced on both strands using an ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) with the sequencing primers listed in
Table 1 (Sequencing). Excess dye was removed by a DyeEx-
96 kit (Qiagen, Hilden, Germany), and the eluates were ana-
lyzed on an ABI Prism 3700 DNA Analyzer (Applied
Biosystems). All variations were confirmed by sequencing
PCR products generated from new amplifications from
genomic DNA, Genbank NT_030059.12 was used as the
reference sequence,

Linkage disequilibrium (LD) and haplotype ana-
lyses: Hardy-Weinberg equilibrium and LD analyses were
performed using SNPAlyze 3.1 software (Dynacom Co.,
Yokohama, Japan). Pairwise LDs were shown as rho square
(r*) and |D’| values in Figure 1. Diplotype configurations
(haplotype combinations) were inferred by LDSUPPORT
software, which determined the posterior probabilicy distri-
bution of diplotype configurations for each subject based on
estimated haplotype frequencies'?.

Results and Discussion

In this study, sixty-one ABCC2 genetic variations includ-
ing 36 novel ones were detected in 236 Japanese subjects
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Table 1. Primer sequences used in this study

SNP3 (141)

Amplified or sequenced region

Forward primer (5' to 3')

Reverse primer (5’ to 3°)

Amplified region’

PCR (Ex-taq)

5'.Flanking {for —1.9k to —1.7k)
5’-Flanking (for —1.7 k to =950}

1st PCR {Z-taq)

5’-Flanking (for —1.2k) to exon 6
Exons 7 to 11

Exons 12 to 19

Exons 20 to 25

Exons 26 to 32

2nd PCR (Ex-taq)

S’-Flanking (for =880 to —130)
Exon 1

Exon 2

Exon 3

Exon 4

Exon 5

Exon 6

Exon 7

Exon 8

Exon 9

Exon 10

Exon 11

Exon 12

Exon 13

Exon 14

Exon 15

Exon 16

Exon 17

Exons 18 and 19
Exon 20

Exon 21

Exons 22 and 23
Exon 24

Exon 25

Exon 26

Exons 27 and 28
Exon 29

Exon 30

Exon 31

Exon 32

Sequencing

5’.Flanking (for —1.7 k}
for ~1.7kto —1.3k)
ffor —1.5k to —950)
(for —880 to —400)
(for —570 ta — 130)
Exon 1

Exon 2

Exon 3

Exon 4

Exon 5§

Exon 6

Exon 7

Exon 8

Exon 9

Exon 10

Exon 11

Exon 12

Exon 13

Exon 14

Exon 15

Exon 16

CCACCAGTGCCAAGAGAAGTAT
ATGAGGTGGTATCTAACTGTGG

ATACTGCATGGGTGGTTATG
GGAGAATCACTTTGAAGCCG
TCTGTGAATGTGGCAAAACT
GATGAGCATTTTCAATTTAC

GAGCAAGACCTTGTCTCATA

GGAAGATCGCTTGAACCCAT
TTGTTGGCCAGCTCTGTTG
GGGTAAGGCTGGATATGGAT
CACCGGAAACCATTCTGTTIC
GCCAGATTAGTCACGACAGT
CAGGTAAGGAAAAAAAGAGTGG
TATGCCAGAAAATCTGATTA
GGTGGAGATAGCCTCTGACC
CCTGTACAGAGAAGGCCACG
GGCTTTGGACAATTCTGGTC
AGGCAAGAAGTCACAGTGCC
ACAGTCAGGCAAGGGCTATG
GATTTCTATTCCCCACATTT
GTGACCTTGGAGAAGATATT
TTGCTCAAGGACTGAAATAG
GGTCTCATGGTCTCATTCTA
AGAAGCACTTTGGGGTCTTGTA
GCTGAAAAACGATAGTCCAA
TCACAGGGTGACAAGCAAC
GAAACCAGCAAGATCAGAGGA
TGACTGTGACATCTGCTTGC
GCATTGTATTTCAGCATTGT
GAACACACAGAATCCAACAGA
TCTCATTGGTCTCCTCCTCG
GAGGCATTGCCTAAGAGTGC
GGCAAGGATTGTCTTTCTTA
AGAGATGGAGTAGCCAGTCAC
GAAGCTCAACCACAAACCAG
GCAAGGTACAGCTAGTTGAA
GCTGTGGCTCATTGATTTTC

CCACCAGTGCCAAGAGAAGTAT
GGTATCTAACTGTGGTTTTG
TCCCACACTGAATGCTGCCTTT
GGAAGATCGCTTGAACCCAT®
CATATAGGCTCACACTGGAT
TGGTTCCTTTTATGTATGGC
AAAGCAGTGGGATGTGCTG
CACCGGAAACCATTCTGTTC
CCTCCTTTCTTCCCATGTTC
TGGGGCAACCTCTAACTCATA
TTAGGGTCTCCAAATAAACA
GGTGGAGATAGCCTCTGACC
CCTGTACAGAGAAGGCCACG®
GGCTTTGGACAATTCTGGTC
GTGCCTTGGAGAAGCTGTGT
TCACTGGGCACCTCAAGTTC
ACATTTIGGGGACTATATCT
GGAGGCTGGATGATCCTTAAG
CATCTGTCTATGGTGGGATA
GATTTCATTCACCTCCTGTT
CCAATCTTGAGGGGAAATCT

CACAAGTCATCTGGAAAACACA
AAATGTTTTCTGTAGGGACGGG

AACCTGCCTCCAAATTTTTC

CTAGCAAGTGTGAGGGGTGT
GGATCTACCAAGAATTTAGC
TCAGTTCACCCAGCACTTAT
CCATGGATGAATCTCAGATA

TCATCCCAACCATTTAATCG
TTCTGGTTCTTGTTGGTGAC
CTGGCTCTACCTGAGACAAT
TTTGCCTCACTATGGATCCC
CCAAAGGAAGTCTACATGGCC
CCTTGTCATAAAATGGTCTG
AGGTGGAACATGAGCTTGAGT
TGCACTGAGAAGTATGAAGTGC
TGCGGTCTTCATGAACACAA
TCCACCCATTGTCTGTGAAC
TTGCCCAAACTCCCATTAAG
GACAGGAGGACATGAAACAA
GAGCTGGGGGTATGGTACAA
CTCTTGAAAGTTTACCAGCA
CCTGCTTATCCTCAGAAGAG
GGGTTTATCCTGCACTAGTA
GCTGAAATGGGAAGGAGAATC
TCAACTAGATTACCCCTGTGT
TTGAATCTCTGGGTAGTITG
TCACTCAGCTGGCATCAAAG
GGACAGAGGACATATTGCTCC
ACAGTGTTGTCTAGGGGGAC
TCACTTCAGCTTCAGACAGT
AATTTCACACCACTAGCCAT
AAAGATGGAGCCAGGGTTTG
CGACAGCTGCGGTAAGTCTG
CAGCCACAAATGCATATTACC
GCTCGACCAGTTTTCAAGAG
GCGTGATGTAAAATTTTGGC
AAGGTGATAAAACAGAAATG

CACAAGTCATCTGGAAAACACA®
GAAGGAAAGGAGTCAAAGGAAC
TAGGGACGGGGTCTCACTAT
ATGTGCAGTTTCGCTTICTG
TCATCCCAACCATTTAATCG®
GTTCTTGTTGGTGACCACCC
TGTCTCTACTGTGCACCAAGG
TTTGCCTCACTATGGATCCC®
CTCAACTTGATGCCATTTAC
TGAGACCCAGACATCTTAAA
ACTTTCAGAGGAGTGAGAGAGT
TGCACTGAGAAGTATGAAGTGC®
CACAATGCTGTAAGGTTAAG
TCCACCCATTGTCTGTGAAC®
TTGCCCAAACTCCCATTAAG®
GGAATCCATCACCTCTACCA
ATGCCAGCTAGTCTATCAAA
CTCTTGAAAGTTTACCAGCA®
ATAGGCTCAAGACAAATCTC
CATTTCCCCATGCATTCTAT
TCCAAGACCTCACCTACTAGC

20289134-20289443
20289392-20290182

20289942-20303347
20304874-20314079
20315189-20328004
20338211-20344941
20349821-20360334

20290245-20290994
20290810-20291254
20292767-20293194
20300442-20300773
20301708-20302134
20301966-20302418
20302499-20303070
20305320-20305728
20307385-20307816
20308539-20309038
20312158-20312650
20313420-20313873
20315554~-20315983
20316189-20316623
20318223-20318732
20319650-20320025
20321144-20321581
20325354-20325863
20326820-20327678
20338493-20338929
20338927-20339248
20339701-20340506
20342562-20343001
20344186-20344672
20350122-20350523
20351928-20352954
20353790-20354262
20355106~-20355610
20358730-20359248
20359651-20360213
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