After treatment with S-1, patients with positive staining for
VEGF-R1 in stromal vessels showed a lower response rate
(20 vs 57%, P =0.039) and shorter survival (10.2 vs 20.2 months,
hazard ratio = 3.62: data not shown) than those with negative
staining, whereas there was no difference with CDDP and
CPT-11. The number of patients treated with S-1 was small, but
Boku er al. have reported the relationship between VEGF status
and the effects of S-1 and 5-FU. patients expressing VEGF
showed a slightly lower response rate and relatively shorter
survival than those who did not.?'** The mechanisms behind
this relationship are unclear,”* but expression of VEGF-R may
become a prognostic marker relevant in deciding on a treatment
strategy of 5-FU-based drugs.

Our analysis revealed that VEGF-R expression was correlated
with shorter survival (VEGF-R1 in stromal vessels, P =0.001;
VEGF-R2 in stromal vessels, P = 0.009; and VEGF-R3 in stromal
vessels, P =0.005), and multivariate analysis of potential prog-
nostic factors showed that VEGF-R1 and VEGF-R2 in stromal
vessels were independent predictors of poor outcome. VEGF-R2
is a potent regulator of vascular endothelial cells and has been
directly linked to tumor angiogenesis and blood vessel-dependent
metastasis. VEGF-R1 may contribute to pathological vasculari-
zation directly by stimulating endothelial cell function and
indirectly by mediating recruitment of bone marrow progenitor
cells.®¥ Furthermore, Carmeliet and coworkers demonstrated
synergy between the VEGF-R1- and VEGF-R2-specific ligands,
indicative of cross-talk between the receptors, allowing modulation
of a variety of VEGF-R-dependent signals.*® In GC, the expression
of VEGF or VEGF-C, which are intimately involved in regulation
of the lymphangiogenic process, has been reported to be corre-
lated with a poor prognosis."'!!2% Juttner et al. found that the
presence of VEGF-D and its receptor VEGF-R3 was associated
with lymphatic metastasis."? Given these results, expression of
the VEGF family appears to affect the prognosis of GC.

Our immunostaining evaluation revealed that VEGF-R is
expressed in tumor cells and tumor stromal vessels. VEGF-R2,
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which is expressed primarily in vascular endothelial cells, is
believed to be the major mediator of angiogenesis in human
malignancy, as it regulates activation of downstream effector
molecules such as the phosphoinositide 3-kinase plus AKT
and mitogen-activated protein kinase pathways. It also potentiates
endothelial differentiation, DNA synthesis, and proliferation.*"%®
On the other hand, VEGF-R3 is expressed primarily in lymphatic
endothelial cells and regulates lymphangiogenesis.*® Recently,
some studies have documented that the expression of VEGF-R
has been observed in tumor cells in several cancers,"**¥ and in
the autocrine VEGF-VEGFR loop in cancer cells. Fan et al.
demonstrated that incubation with VEGF-A or VEGF-B signi-
ficantly increased colorectal cancer cell migration; however,
treatment with a VEGF-R1 antibody blocked this effect.t”
Giatromanolaki et al. demonstrated that phosphorylated VEGF-
R2 plus KDR receptors are largely expressed in colon cancer
cells and intratumoral vasculature, and their expression is
associated with tumor diameter and poor histological differen-
tiation.®" In GC, Tian et al. demonstrated that VEGF-R2-positive
tumor cells could be stimulated by exogenously added VEGE.“?
In our study, patients with strong positive staining (defined as
>50% staining) for VEGF-R1 in the cytoplasm of tumor cells
showed shorter survival (12.6 vs 14.2 m, P = 0.044; data not
shown) than others. Thus, these results suggest that the autocrine
VEGF-VEGF-R loop function may contribute to cancer cell
proliferation.

In conclusion, our study provides evidence that VEGF-R
expression in GC specimens is a risk factor for poor survival in
patients with advanced GC. The results of our analysis can help
to identify patient subgroups at higher risk for poor disease
outcome in GC.
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Abstract

Background. Although sunitinib malate has shown signifi-
cant clinical effect on imatinib-resistant gastrointestinal
stromal tumors, with acceptable tolerability and improved
prognosis for the patients, the mechanism of resistance to
the drug is still under investigation.

Methods. We analyzed findings in 8 patients (seven men
and one woman, median age, 59 years) out of 17 patients
with imatinib-resistant gastrointestinal stromal tumors who
had been treated with sunitinib. Sunitinib was orally admin-
istered once a day at a starting dose of 37.5 mg/day, 50 mg/
day, or 75 mg/day, with 4 weeks on and 2 weeks off.
Results. All imatinib- as well as sunitinib-resistant lesions
showed viable tumor cells strongly re-expressing the KIT
protein. Pre-imatinib samples had heterogeneous KIT
mutations either in exon 9 (n =1) or exon 11 (n =7), and
seven imatinib-resistant tumors carried a secondary muta-
tion either in the ATP-binding domain or in the activation
loop in the same allele as the primary mutation. Most
patients with imatinib-resistant tumors carrying secondary
mutations in the ATP-binding domain obtained clinical
benefits from sunitinib, whereas some tumors with muta-
tions in the activation loop showed resistance to the drug.
A tumor with mutations in exon 11 and 13 of the KIT gene,
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and showing partial response to sunitinib, harbored a third
mutation in the activation loop when sunitinib resistance
was shown. All additional secondary and tertiary mutations
were located on the same allele as the primary mutation
(cis-mutation).

Conclusion. These findings indicate that an additional cis-
mutation in the activation loop of the KIT gene could be a
potential cause of sunitinib resistance in gastrointestinal
stromal tumors.

Key words Acquired resistance - KIT - Imatinib - Sunitinib -
Mutation

Introduction

Gain-of-function mutations in the KI7 gene or the platelet-
derived growth factor alpha (PDGFRA) gene induce pro-
liferation of gastrointestinal stromal tumors (GISTs) and
are major causes of sporadic as well as familial GIST."”
These mutations are mutually exclusive and are predomi-
nantly found in the KIT juxtamembrane domain (exon 11),
sometimes in the extracellular domain of the KIT gene
(exon 9), and rarely in kinase domains.* Approximately 5%
of GISTs have mutation in neither gene.

Imatinib mesylate (Glivec or Gleevec; Novartis Pharma,
Basel, Switzerland), a selective tyrosine kinase inhibitor of
BCR-ABL, KIT, and PDGFRA tyrosine kinases, has a
strong clinical effect on advanced and/or metastatic GIST,
with substantial tolerability.” The action of imatinib largely
depends on the genotype of GIST, i.e., GISTs with muta-
tions in KIT exon 11 are most sensitive to imatinib, followed
by those with KIT exon 9 mutations, while a small but defi-
nite number of GISTs without mutation in either the KIT
gene or the PDGFRA gene, or with mutations in the kinase
domain (e.g., D842V mutation in the PDGFRA gene) show
resistance to imatinib. Although imatinib improved the
prognosis of patients with advanced GIST, with a median
progression-free survival (PFS) of 2 years and overall sur-
vival (OS) of 5 years,’ resistance to the drug develops with
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prolonged use. A recent clinical study has shown significant
clinical activity of sunitinib malate (Sutent; Pfizer, New
York, NY, USA). with acceptable tolerability, in patients
withimatinib-resistant GIST orimatinib-intolerant patients,’
of whom 7% showed a partial response (PR); 58% showed
stable disease (SD); and 19% showed progressive disease
(PD).

Recent studies have demonstrated that imatinib resis-
tance is associated with the re-activation of KIT tyrosine
kinase, as well as being associated with acquired mutations
in the KIT kinase domain.”" However, the detailed mecha-
nisms of acquired mutations in GIST remain unknown. Fur-
thermore, the mechanisms of sunitinib resistance and the
relationship between genotype and the effectiveness of
sunitinib are still under investigation. In this study, we con-
ducted a preliminary investigation of the clinicopathologi-
cal and molecular features of sunitinib-resistant GIST.

Patients, materials, and methods

Patient demographics

The patients analyzed in this study had been diagnosed with
GIST following histological examinations of either surgical
or biopsy samples in which spindle and/or epithelioid tumor
cells were found to be positive for KIT and/or CD34. The
patients received 400 or 600 mg/day of imatinib for more
than 180 days and if their GIST subsequently showed sec-
ondary imatinib resistance, they received 37.5 to 75 mg/day
of sunitinib. Tumor responses were assessed with the
response evaluation criteria in solid tumors (RECIST) and
the use of periodic multidetector-computed tomography
(MDCT) scans with contrast enhancement. When neces-
sary, an “F-fluoro-2-deoxy-D-glucose positron emission
tomography (*FDG-PET) scan was performed as part of
the study, although the use of *FDG-PET had not yet been
approved by the Japanese social insurance system in March
2008. After progression under imatinib and sunitinib,
samples obtained at surgery or by biopsy or autopsy from
eight patients (seven men and one woman; median age, 59
years) at Osaka University Hospital (Table 1) were sub-
jected to genetic analysis. Final prognostic analysis was
done at the end of March 2008. The median treatment
period with imatinib was 22.2 months (range, 11.5-34
months) and the median treatment with sunitinib consisted
of four cycles. The median follow-up periods from the initial
diagnosis of GIST and the initiation of imatinib therapy
were 50.6 months (range, 26-124 months) and 39.4 months
(range, 22.7-64.1 months), respectively. One patient remains
alive with the disease and the other seven patients have died
of the disease.

Sunitinib and its metabolites were measured by a liquid
chromatographic tandem mass spectrometric method, as
reported previously."

Pre-imatinib, imatinib-resistant, and sunitinib-resistant
samples were examined by hematoxylin and eosin (H&E)
staining and KIT immunostaining, as well as by CD34

immunohistochemistry, using paraffin-embedded sections
(3-um-thick) of formalin-fixed tissues. The proliferative
activity of the imatinib-resistant lesions was evaluated by
Ki-67 antigen immunohistochemistry. Immunohistochemis-
try was performed using the ENVISION+ KIT HRP (DAB)
system (Dako Cytomation, Kyoto, Japan) with rabbit poly-
clonal antibody against human KIT (A4502; Dako), mouse
monoclonal antibody against human CD34 (QBend1(;
Novocastra Laboratories, Newcastle, UK), or mouse mono-
clonal antibody against human Ki-67 antigen (MIB-1; Dako)
as the primary antibodies, as described previously."”

RNA extraction, reverse transcription polymerase chain
reaction (RT-PCR), and sequence analysis

All the fresh samples were snap-frozen in liquid nitrogen at
the time of surgical resection or biopsy and were kept at
-80°C until RNA extraction. Total RNA was extracted
with the RNeasy Mini Kit (QIAGEN, Valencia, CA, USA).
Complementary DNA (cDNA) was synthesized by means
of reverse transcriptase (Superscript II; GIBCO-BRL,
Grand Island, NY, USA), and KIT or PDGFRA cDNA was
amplified by PCR (RT-PCR), after which the full sequences
were determined.'® In cases where fresh samples were not
available as pre-imatinib samples, genomic DNA was
extracted from formalin-fixed, paraffin-embedded speci-
mens (10-um-thick) with the aid of DEXPAT (Takara,
Kyoto, Japan) and used for direct sequencing of the known
mutated sites of KIT (exons 9, 11, 13, 14, and 17) and
PDGFRA (exons 12, 14, and 18) as described previously.”
When mutations were detected at two or more sites, ampli-
fied cDNA including the mutational sites was subcloned
into pT7-blue plasmid, and the sequencing of 10 to 20 inde-
pendent cloned cDNAs was performed to examine allelic
distribution.

The study, as well as the genetic analysis, was performed
under the guidelines of the institution the authors are affili-
ated with after approval was given by the institutional
review board and written informed consent was obtained
from all patients and/or their relatives.

Results

Clinicopathological demographics

Treatment for 17 patients with imatinib-resistant GIST was
started with the oral administration of sunitinib malate once
a day at a starting dose of 37.5 mg/day, 50 mg/day, or 75 mg/
day, with 4 weeks on and 2 weeks off depending on the
protocol of the clinical study or the patient’s performance
status. Histologic and genetic analysis of imatinib- as well
as sunitinib-resistant lesions could be performed for 8 of
the 17 patients: 2 with primary gastric GISTs, 5 with small-
intestinal GISTs, and 1 with colonic GIST. The initial
imatinib-target lesions comprised seven peritoneal dissemi-
nations and six liver metastases (including duplication;
Table 1). All patients showed a PR as their best response
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to imatinib. Secondary resistance to imatinib occurred in
peritoneal lesions in seven cases, and hepatic metastasis and
bone metastasis in one case each. MDCT showed secondary
resistance as a nodule in a mass in five patients and as
enlargement of a pre-existing mass in three patients. Treat-
ment with sunitinib resulted in four patients showing PD at
the end of the second cycle, three patients showing SD for
at least four cycles, and one patient showing PR after two
cycles (Table 1). The last patient (case 1 in Table 1), who
showed PR to sunitinib in the second cycle of sunitinib

Fig. 1. Representative radiographic
responses to imatinib and sunitinib
treatment (case 1). Numbers in
parentheses indicate months after
the initiation of either imatinib or
sunitinib therapy. The two upper
panels show responses to imatinib
(partial response; PR) when the
patient’s gastrointestinal stromal
tumor (GIST) harbored a mutation
in exon 11 of the KIT gene; the
middle panels show PR to sunitinib
in conjunction with mutations in
exon 11 and 13; and the lower panels
show subsequent progressive disease
(PD) during sunitinib treatment,
when tumors had a mutation in exon
17 in addition to those in exons 11
and 13. The initial appearance of
sunitinib resistance emerged as an
enhanced lesion in the attenuated
background (bottom left scan)

Pre-imatinib

therapy, had an enhanced lesion in the attenuated back-
ground in the seventh cycle, and later showed PD in the
eighth cycle (Fig. 1).

H&E and KIT immunostaining in case 1 showed viable
spindle tumor cells with strong and uniform expression of
the KIT protein in imatinib-resistant as well as sunitinib-
resistant lesions (Fig. 2). Viable tumor cells with strong
KIT immunoreactivity were also confirmed in pre-imatinib,
imatinib-resistant, and sunitinib-resistant samples obtained
from other patients.

Post-imatinib (12M)
best response

Post-sunitinib (8M)
best response

Post-sunitinib (9.5M)
early resistance

Post-sunitinib (12.5M)
late resistance
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Fig. 2. Typical pathological find-
ings (case 1). The left panels show
the histology of the pre-imatinib
(primary) lesion, the middle
panels, the histology of an
imatinib-resistant lesion, and the
right panels, the histology of a
sunitinib-resistant lesion. Upper
panels H & E, original magnifica-
tion x400; lower panels KIT
immunostaining, original magni-
fication x400

Primary

H&E

KIT

Additional cis mutation in the KIT gene

Next, we examined sequencing of the KIT and PDGFRA
genes in pre-imatinib, imatinib-resistant, and post-sunitinib
samples (Table 1). Analysis of the pre-imatinib samples
revealed mutations in either exon 9 (n = 1) or exon 11
(n = 7) of the KIT gene, which were also detected in all
resistant lesions, but no mutations were found in the
PDGFRA gene. Imatinib-resistant tumors in seven patients
showed secondary mutations in the kinase domains of the
KIT gene, including exon 13 mutations (V654A) in three
patients, exon 14 mutation (T670I) in one, and exon 17
mutations (D816H, N822K, W823D) in three. Case 3 had
several resistant lesions, some of which harbored the V654A
mutation and others no additional mutation. The patient
with GIST carrying an exon 9 mutation (case 8) had no
secondary mutation, so that two. patients had imatinib-
resistant lesions without secondary mutations. Case 1, who
possessed mutations in both exon 11 and exon 13 before
sunitinib treatment and had shown a PR to sunitinib, was
found to harbor a tertiary mutation in the activation loop
of the KIT gene when the tumor was resistant to sunitinib.
The blood levels of sunitinib on day 28 of each cycle were
measured in three patients. One patient (case 3) showed
little increase (Table 1).

Next, we examined the allelic distribution of additional
KIT mutations. Of interest was that all detected secondary
and tertiary mutations were located on the same allele as
the primary mutations (cis-position), while the other allele
remained as wild-type after imatinib as well as sunitinib
resistance was shown (Table 1). Neither trans-position
mutation in the KIT gene nor mutation in the PDGFRA
gene was found.

Resistance to chemotherapeutic agents is critical for cancer
patients and may determine treatment outcome. In molecu-

Imatinib-resistant Sunitinib-resistant

lar terms, resistance to target agents may be generated to
target molecules, although several factors, including doses
of drugs, tumor burden, and pharmacodynamics may be
clinically involved. In fact, target mutations have been
found to be associated with imatinib resistance in chronic
myelogenous leukemia (CML), hypereosinophilic syn-
drome (HES), and GIST*'™® Similar mechanisms of
acquired mutations in the epidermal growth factor receptor
(EGFR) gene have been identified in secondarily gefitinib-
resistant lung cancer.”

KIT, PDGFR, and vascular endothelial growth factor
receptor (VEGFR), targets of sunitinib, are type III recep-
tor tyrosine kinases with a split kinase domain. Sunitinib
has been used for imatinib-resistant GIST because of its
broad-spectrum activity, including the inhibition of VEGFR
tyrosine kinases, and KIT inhibition was proven to be criti-
cal in imatinib-resistant GIST, although details of the
mechanism involved are still being studied. In an in vitro
study, sunitinib inhibited KIT kinase activity when the sec-
ondary mutation was in the ATP-binding domain (exon 13
or 14), whereas the drug had little effect on activation loop
mutations (exon 16 or 17).** In the present study, in
patients with GISTs with secondary mutations in the ATP-
binding domain of the KIT gene, PR was shown in one
patient, SD in two patients, and PD in one patient. The
PD patient (case 3) had several resistant lesions with and
without secondary mutations. Furthermore, this patient
showed a small increase in the blood levels of sunitinib
on day 28 of each cycle (Table 1), probably because of
previous extensive intestinal resection, indicating that this
patient was not suitable for the evaluation of sunitinib
effects and genotype. Of the patients with GISTs with sec-
ondary mutations in the activation loop of the KIT gene,
two patients (cases 5 and 6) showed PD and one showed
SD (case 7). Case 7 had a secondary N822K mutation,
which is relatively sensitive to imatinib."” Case 1 showed
a tertiary mutation in the activation loop of the KIT gene
after sunitinib resistance occurred. Thus, clinical benefit
(CR, PR, or SD for more than 22 weeks) was obtained
for all three evaluable patients with GIST possessing
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secondary mutations in the ATP-binding domain of the
KIT gene, whereas the addition of secondary or tertiary
mutations in the activation loop of the gene were associ-
ated with resistance to sunitinib in three of four patients.
These results indicate that mutations in the ATP-binding
domain of the K/T gene may be sensitive to sunitinib with
sufficient blood levels of sunitinib, whereas some of these
mutations in the activation loop appeared to be resistant
to the drug, although the number of patients analyzed was
small. Recently, sorafenib tosylate (Bayer Pharmaceuticals,
West Haven, CT, USA) also inhibited the activity of KIT
with an ATP-binding domain mutation of T6701, a gate-
keeper mutation,” suggesting that these two drugs may
have a similar binding pattern in the KIT kinase pocket,
which is postulated to be somewhat different from that of
imatinib.

Although the reported flequency of secondary muta-
tions is 43.8% to 73%, secondary mutation is considered to
be a major cause of imatinib resistance.”'*"*"*** Secondary
mutation in the kinase domain of the KIT or PDGFRA
gene is accompanied by concomitant re-activation of the
corresponding tyrosine kinase even in the presence of ima-
tinib.”'*"* Moreover, mutations in the kinase domain may
induce conformational changes, resulting in loss of binding
affinity to the drugs or in transformation from the autoin-
hibited to the activated form. Imatinib, and probably suni-
tinib and sorafenib, may bind to the autoinhibited form, and
may not be stabilized in the activated form.”* Another
possibility is that mutations in drug-binding loci may cause
loss of binding and, as a result, the inhibitory activity of the
drug may be lost."”

One interesting finding concerns the allelic distribution
of primary, secondary, and tertiary mutations. Most KIT
mutations found in GIST are heterozygous, so that primary
GIST has one wild and one mutated allele. Preliminary
results of allelic analysis of imatinib-resistant GIST have
shown that most secondary mutations are on the same allele
as the primary mutation.”* All mutations found in the
present study were also grouped on one allele of the KIT
gene, while the other allele remained wild throughout treat-
ment with the two drugs. The findings of a previous study
and our unpublished data indicate that the sensitivity of
trans-positioned mutations to imatinib may be similar to
that of corresponding cis-positioned mutations.” It is pos-
sible that some mechanism exists for the accumulation of
genetic mutations on a single allele.

To summarize, we analyzed clinical cases of sunitinib-
resistant GIST which had previously shown secondary resis-
tance to imatinib. GIST with secondary mutations in the
ATP-binding domain of the KIT gene was found to be clini-
cally sensitive to sunitinib with sufficient blood levels of
sunitinib, whereas some of the secondary mutations in the
activation loop of the KIT gene may confer resistance to
sunitinib. We also demonstrated that most of the imatinib-
and sunitinib-resistant GISTs harbored secondary and ter-
tiary mutations in the cis position. Because of the limited
number of patients analyzed in this study, a further large-
volume study may be required to clarify the detailed mecha-
nisms of these mutations in GIST.
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Objective: Vascular endothelial growth factor (VEGF) and its receptors VEGF-R1, -R2
and -R3 play important roles in tumor angiogenesis and are associated with poor prognosis
in several solid tumors. However, their functional significance remains unclarified. Here, we
investigated the associations between the expression of these receptors and the clinical out-
comes of colorectal cancer (CRC) patients.

Methods: An immunohistochemical approach was used to detect VEGF-RT1, -R2 and -R3
expression in 91 CRC patients who underwent surgery and received chemotherapy at the
National Cancer Center Hospital. Statistical analysis was performed to determine the prog-
nostic significance of these biomarkers.

Results: Immunoreactivity for VEGF-R2 and -R3 was localized in microvessels and that for
VEGF-R1 in cancer cells and stromal microvessels. VEGF-R1 staining in cancer cells
(>10% staining) was found in 84 patients (92%) and in stromal vessels in 75 patients
(82%). VEGF-R2 staining in tumor vessels (>10% staining) was found in 84 patients
(92%), whereas VEGF-R3 staining was found in 85 patients (93%). Strong positive staining
(>60% staining) of VEGF-R1 in tumor cells, and VEGF-R1, -R2 and -R3 in vessels was
identified in 58 (64%), 33 (36%), 52 (57%) and 60 (66%) patients, respectively. Univariate
analysis revealed that VEGF-R1 strong positive staining correlated with shorter post-operat-
ive survival in patients with Stage Wi} disease (P = 0.01), but neither VEGF-R2 nor R3
expression correlated with survival.

Conclusions: VEGF-R1, -R2 and -R3 were highly expressed in CRC cells and stromal
vessels. VEGF-R1 strong positive staining correlated with shorter survival after CRC
surgery.

Key words: VEGF — VEGF-RI — VEGF-R2 — VEGF-R3 — colorectal cancer — prognostic factor

INTRODUCTION

bevacizumab, a monoclonal anti-VEGF antibody, has been
reported. Some drugs that block the tyrosine kinase of

Angiogenesis plays an important role in cancer invasion and
metastasis. Vascular endothelial growth factor (VEGF) and
its receptor (VEGF-R) represent important regulators of
angiogenesis, and their increased expression has been docu-
mented in various cancer cell lines (1) and tissues (2,3). In
the treatment of colorectal cancer (CRC) (4) and lung cancer
(5), the cfficacy of combining cytotoxic agents and

For reprints and all correspondence: Yasuhide Yamada, Gastrointestinal
Oncology Division, National Cancer Center Hospital, 5-1-1 Tsukiji,
Chuo-ku, Tokyo 104-0045, Japan. E-mail: yayamada(@nce.go.jp

VEGF-R are also being developed. However, the mechan-
isms controlling the expression of VEGF and VEGF-R and
angiogenesis have not yet been fully elucidated. Morcover,
the roles of VEGF and VEGF-R as prognostic markers and
their usefulness in predicting the efficacy of anti-angiogenic
agents have not been clarified to date.

In CRC, the expression of VEGF ligands and subtypes
(i.e. VEGF-A, -B, -C, -D and -E) correlates with cancer
stage (6,7) and prognosis (8.9), and the expression of soluble
VEGF-R1 is a prognostic predictor (10). CRC cell lines have

', The Author (2009). Published by Oxford University Press. All rights reserved.
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also been reported to express VEGF-R (11,12); however, the
distribution, frequency and prognostic values of VEGF-R
expression in CRC have not yet been clarified. This study
investigated the relationships between VEGF-R expression
and prognosis of primary CRC patients.

PATIENTS AND METHODS
Patients

Subjects were randomly selected from patients histologically
diagnosed with CRC. Inclusion criteria were as follows: no
prior chemotherapy or adjuvant/neoadjuvant chemotherapy;
primary colorectal adenocarcinoma specimens were obtained
by surgical resection before the start of chemotherapy at
the National Cancer Center Hospital (NCCH); received
5-fluorouracil (5-FU)-based first-line chemotherapy for the
treatment of recurrent or residual tumors at NCCH from
January 1995 to December 2003; and therapeutic effects and
prognoses were confirmed. Tissue samples were collected
retrospectively from patients who met these criteria. Written
informed consent was obtained before treatment and evalu-
ation of tumor samples.

IMMUNOHISTOCHEMICAL STAINING

Serial 4 wm-thick sections were prepared from formalin-
fixed paraffin-embedded tissue. One block that included the
site of deepest invasion was selected from each specimen
after examining the slides of the surgical specimens stained
with hematoxylin and eosin. Tissue sections were dewaxed
in xylene and rehydrated through graded alcohol. Antigen
retrieval was performed by incubating tissue sections in
target retrieval solution (Dako Japan, Tokyo, Japan) for
40 min in water bath at 95”C and cooling for at least 20 min.
After quenching endogenous peroxidase with peroxidase
blocking reagent (Dako Japan) for 5 min and washing with
Tris-buffered saline containing Twecen 20, tissue sections
were incubated with the primary antibody (Table 1).
Immunoreaction was detected using the following second-
ary aatibody systems: CSA-Il (Dako Japan) tor VEGF-R1,
-R2 and -R3; Envison+ kit (Dako Japan) for CD34 and

Table 1. Antibodics used for immunohistochemistry

Antigen  Antibody Dilution Timc Animal Monoclonal
(min) (mono)/polyclonal
(poly)
CD34 M 7165 (Dako) 1:100 30 Mousc  Mono
D2-40 M 3619 (Dako) 1:50 30 Mousc  Mono
VEGF-RI AF 321 (R&D) 1:150 15 Goat Poly

VEGF-R2 AF 357 (R&Dy [:50 15 Goat Poly
VEGF-R3 AF 349 (R&D) 1:50 1

w

Goat Poly

VEGF-R. vascular endothelial growth factor receptor.

D2-40 according to the instructions of the manufacturer.
Sections were counterstained using Mayer’s hematoxylin. As
the negative controls, the primary antibody solution was sub-
stituted with a buffer containing goat lgG1 (VEGF-R1, -R2
and -R3) or mouse lgGl (CD34 and D2-40).

IMMUNOSTAINING EVALUATION

The entire specimen was initially examined at low magnifi-
cation { x 40), and positive cells and vesscls were counted in
arcas showing strong staining at higher magnification
(% 100). Immunostaining was assessed in three fields of
view, and the average ratio was calculated. The percentage
of vessels was defined as the ratio of positive vessels to the
total number of CD34- and D2-40-positive vesscls. Ratios
>10% were considered significant (positive), and strong
positive staining was defined as >60%. The cut-off value of
strong positive staining (60%) was defined based on the
median value. Microvessel densities (MVDs) of CD34- or
D2-40-positive vessels were determined similarly to previous
studies (13,14). However, MVD was quantified at lower
magnification (x100) to compare VEGF receptors. Two
investigators independently evaluated the immunostaining
results without knowledge of clinical data.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS version 1
software (SPSS Japan Inc., Tokyo, Japan). Spearman’s rank
correlation was used to assess the relationships between
VEGF-R1, -R2. -R3, CD34 and D2-40. The x° test was used
to evaluate the relationships between expression of biomarkers
and therapeutic effect. The Mann—Whitney test was used to
examine the association of biomarkers with clinicopathologi-
cal factors [i.e. age, sex, histological type (well-differentiated
vs. others) and metastasis (lymph node metastasis and distant
metastasis)]. Each factor and overall survival were determined
by the Kaplan—Meier method and analyzed using the log-rank
test. Multivariate analysis was performed using a Cox
proportional hazard model.

RESULTS
CLINICOPATHOLOGICAL CHARACTERISTICS

The clinicopathological characteristics of the patients are
shown in Table 2. All patients underwent surgery to remove
the primary lesion. At the time of primary resection, the
tumor stage based on the TNM classification was Il or [1[ in
32 patients and distal metastasis (Stage 1V) was confirmed in
59 patients. Well-differentiated carcinoma was found in 21
patients, moderately differentiated carcinoma was found in
63 patients and poorly differentiated or mucinous adenocar-
cinoma was identified in 7 patients histopathologically. All
patients received chemotherapy. and first-line chemotherapy
comprised 5-FU and leucovorin in 69 patients and other
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Table 2. Paticnt characteristics (n = 91)

Factor No. of patients Y%
Age
Median (range) 62 (27-77)
Sex
Man 53 58.2
Woman 34 41.8
ECOG performance status
0/1/2 04726/1
Location
Colon 60 65.9
Rectum 31 34.1
Stage
8] 3 33
i 29 31.9
v 59 64.8
Differentiation
Well 21 231
Modcrately 63 69.2
Others 7 7.7
First-linc chemothcrapy
5-FU/LV 69 75.8
5-FU ¢.i. 10 11.0
UFT/LV 9 9.9
S-1 2 22
UFT ! 1.1

5-FU, 3-fluorouracil: LV, leucovorin; UFT. uracil/tcgafur; S-1, generic name.

agents in the remaining 22 patients (all 5-FU-based che-
motherapy). The median follow-up time was 28.5 months
(range: 5.5—88.1 months).

MVD or CD34-/D2-40-r0sITIVE VESSELS

The average MVD of CD34-positive vessels was 103 (44—
247) and that of D2-40-positive vessels was 16 (1—-43) at
x 100 magnification (Fig. 1A and B). Neither CD34 MVD
nor D2-40 MVD was correlated with clinicopathological
factors. In addition, CD34 or D2-40 MVD showed no corre-
lation with survival from surgery or chemotherapy.

Exrression oF VEGF-R1, -R2 anp -R3

VEGF-R1 was stained on the tumor cell surface and stromal
vessels (Fig. 1C and D). Specifically, VEGF-R] was stained
in tumor cells and vessels in 84 (92%) and 75 (82%)
patients, respectively, and was strongly positively stained in
tumor cells and vessels in 58 (64%) and 33 (36%) patients,
respectively (Table 3).
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VEGF-R2 and -R3 showed immunorecactivity mainly in
tumor stromal vessels (Fig. 1F and H). VEGF-R2 was posi-
tively stained in 84 patients (92%) and strongly positively
stained in 52 patients (57%). VEGF-R3 was positively
stained in 85 patients (93%) and strongly positively stained
m 60 patients (66%). Some CD34+ or D2-40+ vesscls were
immunorcactive with VEGF-R2 or -R3. VEGF-R3 was
expressed not only in D2-404 vessels, but also in CD34+
vessels. For tumor cells, VEGF-R2 and -R3 were stained in
5 (5%) and 22 (24%) patients, respectively, and were
strongly stained in only 2 (2%) and 9 (10%) patients,
respectively. VEGF-R1, -R2 and -R3 were not uniformly
stained in some cases; however, no characteristic patterns
were detected.

CorrRELATION BETWEEN VEGF-R1, -R2 anD -R3 AnD
CLINICOPATHOLOGICAL FACTORS

Marked correlation was not found between VEGF-R1 stain-
ing and VEGF-R2 or -R3. A slight correlation was identified
between VEGF-R2 and -R3 staining in vessels (Spearman’s
rank correlation cocfficient: p =0.487, P <0.001).
Significant correlation was not found between MVD (CD34
or D2-40) and staining of VEGF receptors. The x? test
showed no correlation between clinicopathological factors
[i.e. age, sex, histological type (well differentiated vs.
others) and metastasis (lymph node metastasis and distant
metastasis)] and strong staining of VEGF receptors.

REeLATIONSHIP OF VEGF-R EXPRESSION WITH FLUOROPYRIMIDINES

First-line chemotherapy based on 5-FU was administered to
all patients, and the therapeutic cffects were favorable (com-
plete response or partial response) in 41 patients and unfa-
vorable (non-responders, stable disease or progressive
discasc) in 50 patients. The y* test showed no relationship
between strong staining of VEGF receptors (R1, R2 and R3)
and fluoropyrimidine efficacy (responder vs. non-responders)
(P =0.67, 0.67 and 0.19, respectively).

The relationship of survival with VEGF-R1, -R2 and -R3
staining was also assessed after chemotherapy. The median
survival time after chemotherapy was 18.3 months for
patients showing VEGF-R 1strong positive staining and 22.6
months for other patients: 16.8 months for patients showing
VEGF-R2 strong positive staining and 22.7 months for other
patients; 18.5 months for patients showing VEGF-R3 strong
positive staining and 21.1 months for other patients.
Although the patients showing strong positive staining for
VEGF receptors had poorer prognosis, no significant differ-
cnces existed.

RELATIONSHIP OF VEGF-R1 EXPRESSION WITH SURVIVAL AFTER
SurGERY IN STAGE 1/HI CRC

Among the 32 Stage II/III CRC patients, VEGF-R
expression and survival after surgery were investigated. The
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Figure 1. Typical les of positive histochcmical staining for (A) CD34 (x 100), (B) D2-40 (x 100). (C) VEGF-R1 at low magnification (x 100),
(D) VEGF-R1 at high magnification (x400), (E) VEGF-R1 ncgative control (x 100), (F) VEGF-R2 (x 100), (G) ncgative control ( # 100), (H) VEGF-R3
(% 100) and (1) ncgative control ( x 100). (C and D) VEGF-R! staining is mainly obscrved on cancer cell surface and partially in stromal vessels. (F and H)
VEGF-R2 and -R3 staining is mainly obscrved in stromal vessels. VEGF-R3 was cxpressed not only in D2-40+ vesscls. but also in CD34+ vesscls. VEGF-R.
vascular cndothcelial growth factor receptor.

1.0
Table 3. Distribution of VEGF-R1. -R2 and -R3 cxpression
VEGF-RI VEGF-R2 VEGF-R3 08
Cell Vessels  Cell Vessels  Cell Vessels 5
surface surface surface § 08
No. % No. % No. % No. % No. % No. % E
04
Negative 7 816 18 8 95 7 869 76 6 7
Positive (>10%) 84 92 75 82 5 58 92 22 24 8 93
Strongly 58 6433 36 2 252 57 9 10 60 66 02
positive (>60%)
Weakly 26 28 42 46 3 3 32 35 13 14 25 27 00
sitive (< :
positive (S60%) 0 20 40 0 8 100

Time from surgery (months)
mec'h.an s“'Y'Y”' time of patients showing VEGF-R1 strong Figure 2. Impact of VEGF-R1 cxpression on paticnt survival. Kaplan—
positive staining was 34.5 months and that of other patients  wcicr estimates indicate shorter survival following surgery in paticnts
was 47.4 months (P = 0.014, Fig. 2). Multivariate analysis  showing VEGF-RI strong positive staining (P = 0.014).
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Table 4. Multivariatc analyscs of overall survival following surgery in 32
Stage H/ATT patients

Factor Hazard ratio (95% Cl1) P
VEGF-RI
Strongly positive I 0.02
Others 2.85 (116 -6.99)

Differentiation
Well i 0.39
Modcrately and poorly 1.56 (0.57--4.26)

Stage
T 1 0.87
1 1.12 (0.29-4.35)

showed VEGF-R]! strong positive staining as an independent
poor prognostic factor for survival [hazard ratio, 2.85 (95%
confidence interval; 1.16-6.99)] (Table 4). The median sur-
vival time of patients showing VEGF-R2 strong positive
staining was 35.4 and that of other patients was 39.7 months,
with no significant diffecrence. The median survival time of
patients showing VEGF-R3 strong positive staining was 35.4
and that of other patients was 39.7 months, with no signifi-
cant difference.

DISCUSSION

This study showed that VEGF-R1 is mainly expressed in
primary CRC cells, whereas VEGF-R2 and -R3 are mainly
expressed in stromal vessels. Previous studies have shown
that VEGF-R1 is expressed in CRC cell lines, such as
HT-29 and KM12L4 (11,12) and an immunohistochemical
study has also shown that VEGF-R! was stained in tumor
cells (11). These findings suggest that VEGF-R1 is mainly
expressed in cancer cells and plays an important role in
cancer proliferation. Takahashi et al. (15) reported no corre-
lation between the expression of fit-1 (VEGF-R1) and clini-
copathological factors after examining 52 patients with CRC
and 10 patients with colon adenoma. Similar to the previous
study, our study showed that VEGF-R1 strong staining did
not correlate with clinicopathological findings. On the other
hand, among Stage 11/111 patients, VEGF-R1 strong positive
staining was an independent marker for poor prognosis.
Yamaguchi ct al. (10) rcported that soluble VEGF-RI
cxpression was corrclated with favorable prognosis. Some
studies have reported that the expressions of VEGF, a
VEGF-RI ligand and the VEGF-A subtype correlated with
advanced stage (6,7) and poor prognosis (8,9). Others have
similarly shown that VEGF-R1 is important for proliferation
of vascular endothelial cells (16) and migration of tumor cells
(12,17). VEGF-RI expression theorctically leads to tumor
vessel proliferation and cell migration and causes cancer inva-
sion and metastasis, thus we believe that VEGF-RI strong
positive staining is correlated with poor prognosis following
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surgery. The finding that VEGF-R1 was not corrclated with
MVD suggests that VEGF-R1 expressed on tumor cells might
be more important for migration than proliferation of vascular
endothelial cells. Here, the number of Stage 11/11] patients was
small, and all patients received chemotherapy for recurrences.
We therefore plan to examine a larger number of patients
with Stage 1I/111 CRC in the future.

VEGF-R2 and -R3 were mainly stained in intratumoral
stromal vessels. Some CD34+ vessels were immunoreactive
with VEGF-R2, suggesting that VEGF-R2 is mainly
expressed in vascular cndothelial cells. Meanwhile,
VEGF-R3 has been thought to be expressed in lymphatic
endothelia and involved in lymphangiogencsis. Here,
VEGF-R3 was expressed not only in D2-40+ vessels, but
also in CD34+ vessels. White et al. (18) also reported that
VEGF-R3 was expressed in somec CD314  vessels,
suggesting that VEGF-R3 is expressed in some lymphatic
and vascular endothelial cells in the tumor stroma.

VEGF-R2 and -R3 showed no significant correlation with
clinicopathological factors and prognosis. It was previously
shown that VEGF-R2 expression was higher in metastatic
tumors than in non-metastatic tumors in CRC, hcad and
neck cancer (19) and breast cancer (20). Meanwhile,
Yonemura et al. (21) have shown that VEGF-R3 expression
demonstrated no correlation with lymph node metastasis and
malignancy in gastric cancer. Importantly, a large number of
patients are required to extensively clarify the intcractions
among VEGF-R subtypes and their clinical effects on angio-
genesis and lymphangiogenesis.

Bevacizumab is a VEGF-neutralizing antibody and che-
motherapy with bevacizumab and cytotoxic agents has been
shown to prolong survival of CRC patients (4.22).
Bevacizumab is regarded as an agent that suppresses cancer
proliferation by directly blocking angiogenesis via the inhi-
bition of VEGF, VEGF-R1 and -R2 as well as NP1/NP2
signal transduction. In breast cancer, HER-2 receptor
expression was found in ~20-30% of affected patients, and
studies have shown that trastuzumab, a monoclonal antibody
against the HER-2 receptor, is significantly cffective against
HER-2-overexpressing breast cancer (23,24), with HER-2
receptor expression considered as one of the therapeutic cri-
teria. On the other hand, fluoropyrimidine induces cell death
by impairing nucleic acid synthesis and it also exerts slight
effects on angiogenesis. Here, the expression of VEGF
receptors showed no correlation with the therapeutic effects
of fluoropyrimidine, although VEGF-R1 strong staining was
correlated with shorter survival from surgery. We are going
to evaluate the correlation between VEGF-R expression and
the therapeutic effects of molecular-targeting agents, such as
bevacizumab, containing regimens.
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Abstract

Background. Panitumumab is a fully human, monoclonal
antibody against the epidermal growth factor receptor. Pre-
vious studies in non-Japanese patients with solid tumors
showed that panitumumab exhibited nonlinear pharmaco-
kinetics, was well tolerated (skin toxicities were the most
common treatment-related adverse events), and had anti-
tumor activity in some patients. This open-label, phase 1
study investigated panitumumab safety and pharmacoki-
netics in Japanese patients.

Methods. Japanese patients with advanced solid tumors
were enrolled into one of three sequential panitumumab
dose cohorts (cohort 1, 2.5 mg/kg weekly; cohort 2, 6.0 mg/
kg every 2 weeks; and cohort 3, 9.0 mg/kg every 3 weeks)
and received panitumumab until disease progression or
drug intolerability. Safety endpoints included the incidence
of adverse events, changes in laboratory values, and the
appearance of anti-panitumumab antibodies. Serial phar-
macokinctic samples were collected after the first and third
doses of panitumumab. Tumors were assessed at week 8
and every 8 weeks thereafter.

Results. Eighteen patients (6 per cohort) were enrolled. No
dose-limiting toxicities, investigator-reported infusion reac-
tions, or deaths occurred. Seven patients had grade-3/4
adverse events; fatigue and anorexia were most common.
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The most common skin toxicities were rash and acneiform
dermatitis. No neutralizing anti-panitumumab antibodies
were detected. Panitumumab exhibited nonlinear pharma-
cokinetics, and antitumor activity was observed in 31%
(4/13) of the patients with colorectal cancer.

Conclusion. In Japanese patients with solid tumors, panitu-
mumab was well tolerated, demonstrated pharmacokinetic
and safety profiles similar to those observed previously in
non-Japanese patients, and exhibited encouraging antitu-
mor activity in patients with colorectal cancer.
Key words Epidermal growth factor receptor - Panitu-
mumab - Pharmacokinetics - Safety

Introduction

Epidermal growth factor receptor (EGFR) is a transmem-
brane tyrosine kinase that promotes cell growth in a variety
of normal and transformed tissues,' and EGFR overexpres-
sion has been associated with multiple types of malignan-
cies.” Panitumumab (Vectibix; Amgen, Thousand Oaks,
CA, USA) is a fully human, immunoglobulin G,, monoclo-
nal antibody that targets human EGFR.**

Phase 1 and phase 1/2 studies have evaluated various
panitumumab doses and schedules in patients with previ-
ously treated advanced, solid tumors.™ Panitumumab doses
and schedules studied included 0.01 mg/kg to Smg/kg
weekly (QW), 6 mg/kg every 2 weeks (Q2W), and 9 mg/kg
every 3 weeks (Q3W). Skin-related toxicities, an expected
class effect of anti-EGFR therapy,” were the most frequently
observed adverse events. Panitumumab exhibited nonlinear
pharmacokinetics characterized by decreased serum clear-
ance with increased dose.

Phase 2 studies and a phase 3 study have examined the
efficacy and safety of panitumumab monotherapy in patients
with previously treated metastatic colorectal cancer.'™™
Response rates were not generally associated with levels of
EGFR (as measured by immunohistochemistry) on tumor
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cell membranes.""* Panitumumab is approved in the United
States as a single agent for the treatment of metastatic
colorectal carcinoma with disease progression on or follow-
ing fluoropyrimidine, oxaliplatin, and irinotecan chemo-
therapy regimens."

The phase 1 study presented here is the first formal eval-
uation of panitumumab in patients of Japanese origin living
in Japan. This study examined the safety and pharmacoki-
netics of panitumumab in Japanese patients with advanced
solid tumors.

Patients and methods
Study design and objectives

The primary objective of this open-label, phase 1 clinical
study was to evaluate the safety and pharmacokinetic pro-
files of panitumumab in Japanese patients with solid tumors.
Other objectives included the assessment of potential
anti-panitumumab antibody formation and the evaluation
of tumor response. The study was performed at National
Cancer Center Hospital East. Kashiwa, Japan, and National
Cancer Center Hospital, Tokyo, Japan. The study was
approved by institutional review boards at both study sites.
Written informed consent was obtained from each patient
before study procedures were performed.

Patients were enrolled into one of three sequential dose
cohorts. The planned sample size was 6 patients per cohort.'
All patients enrolled in each cohort were evaluated for dose-
limiting toxicities (DLTs): if none or one of the six subjects
enrolled in the cohort experienced a DLT, enrollment in the
next dosing cohort was initiated after a review of the safety
assessments by the investigator and the sponsor. If 33% or
more of the patients in the most recently initiated cohort
experienced DLTs, the dose schedule was to be regarded as
intolerable and initiation of the succeeding cohort was to
proceed, contingent upon the outcome of consultation
between the investigator and an independent safety com-
mittee. Cohort 1 received panitumumab 2.5 mg/kg QW,
cohort 2 received panitumumab 6.0 mg/kg Q2W, and cohort
3 received panitumumab 9.0 mg/kg Q3W. Patients received
panitumumab until disease progression, panitumumab
intolerability, or other reasons for discontinuation.

Panitumumab used in this study was derived from
Chinese hamster ovary cells on a commercial scale of 12 kl.
Panitumumab was administered intravenously over 60 min
by an infusion pump through a peripheral line or indwelling
catheter, using a (.22-micron in-line filter.

Patient eligibility

Patients of Japanese origin with documented, advanced
solid tumors that were refractory to standard chemotherapy,
or for which no standard therapy was available, were eligible
for participation. All patients were to be between 20 and 74
years of age (inclusive) at the time of giving informed
consent; have an Eastern Cooperative Oncology Group

(ECOG) performance status of 0 to 2; have adequate hema-
tological, liver, and renal functions; and a life expectancy of
3 months or more. Patients could not have received other
antibody therapy within 12 weeks prior to receiving the
first dose of panitumumab. Patients who had received pre-
vious therapy with an anti-EGFR antibody were excluded:;
however, previous therapy with small-molecule EGFR tyro-
sine kinase inhibitors was permitted. Patients could not have
received anticancer therapy, radiotherapy, or surgery within
4 weeks prior to the first dose of panitumumab.

Patients were not eligible to participate in this study if
they had hematological malignancy, metastasis to the central
nervous system. or another simultaneously active primary
cancer (except for curatively treated cervical cancers, cura-
tively resected nonmelanoma skin cancers, or other cura-
tively treated primary solid tumors). Patients with a history
of interstitial pneumonitis, pulmonary fibrosis, or evidence
of such were ineligible. Patients who had concurrent dis-
eases such as poorly controlled diabetes, infections requir-
ing systemic administration of antibiotics, congestive heart
failure, pulmonary embolism, deep vein thromboses, or a
history of severe hypersensitivity to any medications were
not enrolled. Patients with a myocardial infarction and/or
angina within 1 year prior to registration were ineligible.

Safety assessments

Safety was monitored from the first dose of panitumumab
up to 28 days after the last dose. Adverse events were coded
according to a medical dictionary for regulatory activities
(MedDRA, version 9.0). Toxicity was graded according to
the National Cancer Institute Common Toxicity Criteria
(NCI CTC, version 2.0); however, skin toxicities were
graded as per modified Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0.

Patients were assessed for DLTs for up to 4 weeks
(cohorts 1 and 2) or up to 3 weeks (cohort 3) alter the first
administration of panitumumab. Enrollment of cohorts 2
and 3 was initiated only after the DLT evaluation periods
in prior cohorts. A DLT was defined as treatment-related
NCI CTC grade 4 hematological toxicity; grade 3 or 4 diar-
rhea, nausea, or vomiting that developed in the presence of
best supportive care; grade 3 or 4 fatigue that continued for
7 or more days; aspartate aminotransferase or alanine ami-
notransferase more 300 TU/L or other grade 3 or 4 toxicities
(including skin toxicities) not previously stated (with the
exception of infusion reactions). Safety monitoring for all
adverse events was also conducted during the DLT evalua-
tion periods.

At the second or subsequent panitumumab infusion,
panitumumab was withheld for patients in any cohort who
had grade 3/4 skin toxicity or fatigue. If skin toxicity (all
cohorts) and fatigue (cohort 1) had resolved to grade 2 or
less by the next scheduled dose, panitumumab was restarted;
otherwise the patient was withdrawn from the study. For
patients in cohorts 2 and 3, if fatigue had not resolved to
grade 2 or less after 7 days, the patient was withdrawn from
the study.
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Serum samples to be tested for anti-panitumumab anti-
bodies were collected both before administration of pani-
tumumab and at:weeks 1,2,3,4,7,and 23 after administration
for cohort 1;weeks 1,3,5,7, and 23 for cohort 2; and weeks
1,4, 7,10, and 25 for cohort 3. Two validated assays were
used to detect the potential presence of anti-panitumumab
antibodies: a screening enzyme-linked immunosorbent
assay (ELISA) and a cell-based bioassay to detect neutral-
izing antibodies."™"

Pharmacokinetics

Serial serum samples were collected after the first and third
panitumumab doses for the measurement of panitumumab
serum concentrations. For patients in cohort 1, samples
were collected predose and at 0.5, 1, 4, 8, 24, 96, and 168 h
after completion of the infusion on weeks 1 and 3. For
patients in cohort 2, samples were collected predose and at
0.5, 24, 96, 168, 240, and 336 h after completion of the infu-
sion on weeks 1 and 5. For patients in cohort 3, samples
were collected predose and at (.5, 24, 96, 168,336, and 504 h
after completion of infusion on weeks 1 and 7. A validated
immunoassay with electrochemiluminescence (ECL) detec-
tion was used to measure panitumumab concentrations in
the serum samples.

Noncompartmental pharmacokinetic analyses were per-
formed using WinNonlin Professional, Version 4.1e (Phar-
sight, Mountain View, CA, USA). The pharmacokinetic
parameters (recorded as observed) included the maximum
concentration (C,,,) after dosing and the trough concentra-
tion (predose concentration before the next panitumumab
dose, C,;,)- A singular representation of half-life (t,,)
approximated during the dosing interval was calculated as

In(2)

L= , where k,, was the first-order terminal rate con-

¢l
stant estimated via linear regression of the terminal log-
linear decay phase, and In(2) is the natural log of 2. The
area under the serum concentration-time curve from time
0 to the end of the dosing interval (AUC,,,,) was estimated
using the linear/log trapezoidal method.

Tumor response assessments

Imaging and clinical assessments were obtained at week 8
and once every 2 months thereafter as needed. Tumor
response to treatment was assessed using the Response
Evaluation Criteria in Solid Tumor (RECIST) guidelines."”
Response was confirmed 4 weeks or more after the criteria
for response were first met.

Statistical analyses

The DLT analysis set comprised patients who completed
the DLT evaluation period. All patients who received one
or more doses of panitumumab were included in the safety
analysis set. Pharmacokinetic analyses were performed on
patients who had received the correct dosage of panitu-

mumab (within 20% of the nominal dosage) and had
recorded dosing and sampling times (pharmacokinetics
analysis set). The efficacy analysis set comprised patients
who had measurable disease at baseline.

Descriptive statistics were provided for all endpoints by
cohort. Continuous measurements were summarized with
the central tendency (mean or median) and variability
(standard deviation [SD] or standard error of the mean
[SEM]). Categorical data were summarized using frequency
counts and percentages of patients. Tumor response data
were categorized using RECIST.

Results
Demographics

Eighteen patients (6 patients in each cohort) of Japanese
origin were enrolled at two centers in Japan between
January 2005 and March 2006. All patients received one or
more doses of panitumumab. All patients completed treat-
ment with panitumumab until disease progression. Baseline
demographics and disease characteristics are shown in
Table 1.

Safety

In total, 154 panitumumab infusions were administered
across the three cohorts. The median number of infusions
per patient was 12.5 in cohort 1, 5.5 in cohort 2, and 3.5
in cohort 3. The median average panitumumab dosage
delivered (weight-adjusted cumulative dose divided by the
number of infusions) was 2.55 mg/kg per infusion in cohort
1, 6.14 mg/kg per infusion in cohort 2, and 8.98 mg/kg per
infusion in cohort 3. The mean (SD) weight-adjusted cumu-
lative dose of panitumumab was 35.8 (18.0) mg/kg in cohort
1, 42.0 (29.4) mg/kg in cohort 2, and 43.5 (38.7) mg/kg in
cohort 3. No adverse events led to discontinuation of pani-
tumumab, and all patients discontinued panitumumab as a
result of disease progression.

No DLTs were observed during the DLT assessment
period in any dose cohort and all cohorts were fully enrolled.
No maximum tolerable dose was reached. One patient in
cohort 2 was excluded from the DLT analysis set (but was
not replaced in the study) as a second infusion of panitu-
mumab was not administered because of an adverse event
during the DLT assessment period that was not considered
to be related to panitumumab.

A summary of adverse event grades by worst grade
observed is provided in Table 2. No patients died during the
treatment or follow-up periods; however, one patient died
of disease progression 41 days after the last dose of panitu-
mumab. All patients had one or more treatment-related
adverse events; the most common treatment-related adverse
events were acneiform dermatitis and rash (type not speci-
fied). A patient in cohort 1 had a serious treatment-related
adverse event of grade 3 edema, which occurred 1 day
after the twenty-second (and last) panitumumab infusion.
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Table 1. Baseline demographics and disease characteristics (safety analysis set)

2.5 mg/keg QW 6.0 mgfkg Q2W 9.0 mg/kg Q3W All patients
Cohort 1 Cohort 2 Cohort 3 (n=18)
(n=26) (n="6) (n=6)
Sex. n (%)
Men 5(83) 3(50) 5(83) 13 (72)
Women 1(17) 3 (50) 1(17) 5(28)
Age (vears)
Median 50 58 60 55
Minimum, maximum 39,67 25,73 32,70 25,73
Weight (kg)
Median 68 58 64 63
Minimum, maximum 48,91 36,81 48,76 36,91
ECOG status, 11 (%)
0-1 5(83) 6 (100) 6 (100) 17 (94)
2 1(17) 0 (0) 0(0) 1 (6)
Tumor type. 11 {%)
Colon or rectum S(83) S (83) 3 (50) 13(72)
Stomach 1(17) 0(0) 0 1(6)
Ovary 0(0) 0(0) 1(17) 1(6)
Esophagus 0(0) 0(0) 1(17) 1 (6)
Head and neck 0(0) 1(17) 1 (17) 2(11)

QW, once weekly: Q2W, once every 2 weeks; Q3W, once every 3 weeks: ECOG, Eastern Cooperative Oncology Group

Table 2. Summary of adverse event grades®

2.5 mglkg QW 6.0 mg/kg Q2W 9.0 mg/kg Q3W All patients
Cohort 1 Cohort 2 Cohort 3 (n=18)
(n=6) (n=6) (n=06)

Any adverse event -1 (%) 6 (100) 6 (100) 6 (100) 18 (100)
Grade 3 2(33) 2 (33) 1(17) 5 (28)
Grade 4 2(33) 0 (0) 0 (0) 2 (11)
Any serious event 5(83) 3 (50) 1(17) 9 (50)

Any treatment-related event - 1 (%) 6 (100) 6 (100) 6 (100) 18 (100)
Grade 3 1(17) 0 (0) 1(17) 2(11)
Grade 4 0(0) 0(0) 0(0) 0(0)
Any serious event 1(17) 0(0) 0(0) 1(6)

QW, once weekly: Q2W, once every 2 weeks; Q3W. once every 3 weeks

"No grade 5 events were observed

Table 3, Adverse events,” excluding skin-related toxicities, occurring in 20% or more of the patients

Event - n 2.5 mgrkg QW 6.0 mg/kg Q2W 9.0 mg/kg/Q3W Ali patients

Cohort 1 Cohort 2 Cohort 3 (n=18)
(n=6) (n=6) (n=26)
Any 2Grade 3 Any 2Grade 3 Any 2Grade 3 Any 2CGrade 3

Fatigue 4 1 3 0 4 1 1 2

Anorexia 3 1 4 1 3 0 10 2

Constipation 5 0 1 0 2 0 8 0

Diarrhea 3 0 2 0 2 0 7 0

Nausea 2 0 3 0 1 0 6 0

Stomatitis 1 0 2 0 3 0 6 0

Weight loss 2 0 2 0 1 0 5 0

Back pain 1 0 1 0 2 0 4 0

Pyrexia 2 0 1 1 1 0 4 1

Vomiting 0 0 3 1 1 4] 4 1

QW, once weekly; Q2W, once every 2 weeks; Q3W, once every 3 weeks
“All treatment-related and -unrelated events were summarized

The treatment-related grade 3 event in cohort 3 was
fatigue, which was not deemed to be serious. All other
treatment-related adverse events were reported to be less
than grade 3.

Adverse events (excluding skin-related toxicities) occur-
ring in at least 20% of patients are tabulated in Table 3.

The incidence of these events was similar for each cohort;
however, constipation was most frequent in cohort 1.
Fatigue and anorexia were the most frequently observed
nonskin-related toxicities. The incidence and frequency of
skin-related toxicities occurring in at least 10% of patients
was similar in all study coborts (Table 4), and all patients
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Table 4. Skin-related toxicities of any grade occurring in 10% or more of the patients

Event — 1 (%) 2.5 mg/kg QW 6.0 mg/kg Q2W 9.0 mg/kg Q3W All patients
Cohort 1 Cohort 2 Cohort 3 (n=18)
(n=6) (n=06) {(n=26)
Any skin toxicities” 6 (100) 6 (100) 6 (100) 18 (100)
Acneiform dermatitis 6 (100) 4(67) 5(83) 15 (83)
Worst grade of 2 2 (33) 4(67) 4 (67) 10 (56)
Rash 4(67) 5(83) 6 (100) 15 (83)
Worst grade of 2 3(30) 4 (67) 3 (50) 10 (56)
Pruritus 4.(67) 5(83) 5(83) 14 (78)
Worst grade of 2 1 (17) 1(17) 1 (17) 3(17)
Dry skin 4(67) 4(67) 3 (50) 11 (61)
Worst grade of 2 1 (17) 1(17) 0(0) 2 (1D
Paronychia 2(33) 3(50) 2(33) 7 (39)
Worst grade of 2 1(17) 3 (50) 2 (33) 6 (33)
Skin fissures 2(33) 4(67) 0(0) 6 (33)
Worst grade of 2 0(0) 2(33) 0(0) 2(11)
Erythema 2(33) 0(0) 1 (17) 3(17)
Nail disorder 1(17) 0 (0) 2(33) 3(17)
Worst grade of 2 0(0) 0(0) 1 (17) 1(6)
Conjunctivitis 1 (17) 0(0) 1 (17) 2 (1)
Hypertrichosis 0(0) 1(17) 1 (17) 21
Palmar-plantar erythrodysesthesia syndrome 1(17) 0(0) 1 (17) 2(11)

QW, once weekly: Q2W, once every 2 weeks; Q3W, once every 3 weeks

“Treatment-related toxicities were summarized. No eveunts of grade 3 or more were observed

reported at least one event of skin-related toxicity. Acne-
iform dermatitis, rash, pruritus, and dry skin were the most
frequently observed skin-related toxicities but there were
no grade 3 or 4 skin-related toxicities reported. Categoriza-
tion of skin complaints by individual investigators varied,
which led to some overlap in the reported incidence of these
adverse events.

Three patients (50%) in cohort 1, three patients (50%)
in cohort 2, and four patients (67%) in cohort 3 had hypo-
magnesemia relative to their baseline serum magnesium
concentration. Of these, one patient (17%) in cohort 1 had
grade 3 hypomagnesemia, and one patient (17%) in cohort
2 had grade 4 hypomagnesemia.

No infusion-related reactions were reported by the
investigators. A post-hoc analysis of adverse-event terms
indicated that four panitumumab infusions (in 2 patients in
cohort 1 and 1 patient in cohort 2) may have been associ-
ated with symptoms that might conservatively be inter-
preted as a “potential” infusion reaction. Symptoms of the
potential infusion reactions included mild flushing and hot
flush (during multiple infusions in a patient in cohort 1),
mild fatigue (on the day of the twentieth infusion in another
patient in cohort 1), and mild headache (with the twelfth
infusion in the patient in cohort 2). All symptoms resolved
without treatment except for the mild headache, which was
treated with aspirin.

All patients had predose and post-dose samples avail-
able for antibody analyses. No neutralizing antibodies to
panitumumab were detected.

Pharmacokinetics

After the first panitumumab dose, the mean exposure to
panitumumab (AUC,,,,) increased more than dose propor-
tionally (from 135 to 1430 pg-day/ml as dosage increased

from 2.5 mg/kg to 9.0 mg/kg), as shown in Table 5. Previous
study results demonstrated that panitumumab exhibited
nonlinear pharmacokinetics;™ therefore, the AUC was not
extrapolated to infinity, which is commonly used for clear-
ance estimation. However, in the present study, AUC,,,
approximated AUC,,, (Fig. 1), indicating that the time-
averaged clearance decreased as the dosage increased from
2.5t0 9.0 mg/kg in this study population. Based on the mean
AUC,,,, values, the accumulation ratios after the third dose
of panitumumab were 1.92 at 2.5 mg/kg QW, 1.66 at 6.0 mg/
kg Q2W, and 1.39 at 9.0 mg/kg Q3W. The mean dose-
normalized AUC,_,, values after the third panitumumab
dose were similar for 6.0 mg/kg Q2W (183 + 16 pg-day/ml
per mg per kg) and 9.0 mg/kg Q3W (221 + 103 pg-day/ml

per mg per kg).

Tumor response

All 18 patients had measurable disease at baseline and were
included in the efficacy analysis set. Two patients in cohort
1 and 1 patient in each of cohorts 2 and 3 had a confirmed
partial response to panitumumab. Stable disease at each
assessment was observed as the best objective response for
2 patients in each cohort. Two patients in cohort 1 and 3
patients in each of cohorts 2 and 3 had progressive disease.
All patients who responded to panitumumab had colorectal
cancer.

Discussion

This phase 1 study evaluated the safety, efficacy, and phar-
macokinetic profiles of panitumumab administered to 18
Japanese patients with advanced solid tumors at three dose
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