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Objective: Cholangiocarcinoma is a refractory cancer whose incidence has been increasing
worldwide in recent years. Neoangiogenesis plays an important role in the growth of various
solid cancers, including cholangiocarcinoma. Vascular endothelial growth factor plays an im-
portant role in tumor-induced angiogenesis and its expression is associated with the progres-
sion and prognosis of cholangiocarcinoma. This study examined whether axitinib (AG-013736,
INLYTAw), a potent and selective second-generation inhibitor of vascular endothelial growth
factor receptors 1, 2 and 3, could be a potentially useful therapeutic agent for cholangio-
carcinoma.
Methods: We performed expression profiling of angiogenesis-related molecules in eight
cholangiocarcinoma cell lines and found that three of them showed high vascular endothelial
growth factor expression. Among them, we examined the in vivo anti-tumor effect of axitinib
on NCC-BD1 (a gemcitabine-sensitive extra-hepatic cholangiocarcinoma cell line) and TKKK
(a gemcitabine-resistant intra-hepatic cholangiocarcinoma cell line) using subcutaneous
xenograft models.
Results: Oral administration of axitinib significantly inhibited the growth of TKKK xenografts
at a dose of 6 mg kg21 day21 (P,0.05), and the growth of NCC-BD1 xenografts at
30 mg kg21 day21 (P,0.05). Treated tumors showed a significant decrease of microvessel
density and the tumor cell proliferation index and a mild but significant increase of the apoptotic
index in comparison with untreated tumors.
Conclusions: Our results suggest that axitinib should be a promising therapy for vascular
endothelial growth factor-expressing cholangiocarcinoma, irrespective of tumor origin and gem-
citabine sensitivity.
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INTRODUCTION

Cholangiocarcinoma (CC) is a highly malignant tumor arising
from the ductular epithelium or cholangiocytes of the intra-
and extra-hepatic biliary system. The worldwide incidence of
CC and the resulting mortality, especially for intra-hepatic

cholangiocarcinoma (IHCC), has increased over the last three
decades (1–7). CC is difficult to detect and diagnose because
it lacks clinical symptoms, but often shows diffuse spread in
the liver parenchyma or through the bile ducts at an early
stage. Most patients have unresectable disease at clinical
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presentation and a poor prognosis even after curative surgical
resection, which offers the only hope of potential eradication
of the disease at present (6,8,9). Combinations of adjuvant
therapies including chemotherapy and radiation therapy or
chemotherapeutic regimens for unresectable and recurrent CC
are only minimally useful in terms of anti-tumor effect and
improvement of patient survival (7,9–11). Existing Phase II
data and a more recent meta-analysis suggest that gemcita-
bine and gemcitabine-based platinum regimens offer a slight
advantage over other regimens (6,12). Recently, a large RCT
comparing combined gemcitabine plus cisplatin therapy
with gemcitabine treatment alone demonstrated survival
benefit of the combined regimen over gemcitabine alone
(13,14). As a result, combined gemcitabine plus cisplatin
therapy has come to be recognized as standard therapy for
unresectable biliary tract cancer. The survival, however,
remains dismal, and novel effective therapeutic strategies
are urgently required to improve the prognosis of patients
with CC.

Neoangiogenesis is one of the most important hallmarks of
malignant tumors (15). Various tumor-derived cytokines are
involved with this process (16,17). Among them, vascular
endothelial growth factor (VEGF) plays a major role in tumor-
induced angiogenesis by promoting endothelial cell prolifer-
ation, migration and survival. VEGF binds to its receptors
(VEGFR1 and VEGFR2) on vascular endothelial cells, and
activation of VEGFR2 is mainly sufficient for VEGF-induced
mitogenesis, angiogenesis and vascular permeability (18).
Overexpression of VEGF has been reported to be of prognos-
tic significance in a wide range of solid cancers including CC
(19–24), and therefore VEGF signaling is a potential target
for treatment of CC. In this study, we examined whether axiti-
nib (AG-013736, INLYTA), an oral specific VEGFR-1/2/3
tyrosine kinase inhibitor, can exert a potent anti-tumor effect
on CC cells in vivo.

PATIENTS AND METHODS

CELL LINES

NCC-CC1, NCC-CC3-1, NCC-CC3-2, NCC-CC4-1,
NCC-CC4-2 and NCC-CC4-3 cells were established from
human IHCC, and NCC-BD1 and NCC-BD2 cells from
human extra-hepatic cholangiocarcinoma (EHCC) at the
National Cancer Center Research Institute (25). TKKK and
OZ cells were purchased from RIKEN Bio Resource Center
(Tsukuba, Japan, http://www.brc.riken.jp/lab/cell/) or from the
Japanese Collection of Research Bioresources (Osaka, Japan,
http://cellbank.nibio.go.jp/). TKKK cells were established
from IHCC, and OZ cells from EHCC. The originally estab-
lished eight CC cell lines were maintained in RPMI with 10%
bovine serum. TKKK and OZ cells were maintained in
Dulbecco’s modified Eagle medium with 10% bovine serum.
The identities of these cells were confirmed by analyzing their
short tandem repeat profiles using the Cell ID System
(Promega, Madison, WI, USA).

GENE EXPRESSION ANALYSIS

Total RNA was extracted from the CC cell lines using an
RNeasy Mini Kit (Qiagen, Velencia, CA, USA) in accordance
with the manufacturer’s instructions. The total ribonucleic
acid (RNA) yields and purity were determined by measuring
the absorbance of aliquots at 260 and 280 nm. Cy3-labeled
cRNAs were synthesized using a Quick Amp Labeling Kit
(Agilent Technologies, Santa Clara, CA, USA). The labeled
cRNA probes were hybridized to an oligonucleotide microarray
(Whole Human Genome 44 K Array; Agilent Technologies)
covering .41 000 human transcripts. Array hybridization and
washing were carried out in accordance with the recommended
protocols, and the microarrays were scanned using a DNA
Microarray Scanner (Agilent Technologies) and analyzed using
Gene Spring software (Agilent Technologies).

AXITINIB PREPARATION

Axitinib was provided by Pfizer (CT, USA). It was dissolved
as a homogeneous suspension with 0.5% carboxymethyl cel-
lulose (carboxymethyl cellulose sodium salt low viscosity;
MP Biomedicals, Solon, OH, USA) and administered orally
twice a day at 0.1 ml 10 g21 body weight (b.w.).

THERAPEUTIC XENOGRAFT MODEL

All animal experiment protocols were approved by the
Committee for Ethics in Animal Experimentation, and
the experiments were conducted in accordance with the
Guidelines for Animal Experiments of the National Cancer
Center, Tokyo, Japan. Eight-week-old female C.B-17/Icr-scid
(scid/scid) congenitally athymic mice were purchased from
CLEA Japan (Tokyo, Japan) and housed under specific
pathogen-free conditions at the National Cancer Center
Research Institute Animal Center. Eight million cells were
suspended in 0.2 ml of culture medium without fetal bovine
serum and injected subcutaneously into the right flank of each
mouse. At 30 days after injection, the mice were randomly
divided into four treatment groups, namely axitinib 60, 30,
6 mg kg21 b.w. per day, or vehicle control. The therapeutic
doses of axitinib was decided based on recommended doses
by Pfizer. The PK/PD analysis indicate that the administra- 
tion of 30 mg kg21 b.i.d per day axitinib for mouse is
sufficient doses considering a VEGFR inhibitor, and has
equal effectiveness to 5 – 10 mg kg21 b.i.d per day axitinib
for human that estimated from the anti-tumor effect on
mouse, the non-bonding concentration in plasma on mouse,
and the non-bonding concentration in plasma on human (26).
Treatment was started from the next day and continued for
at least 4 weeks. Tumor volume was calculated using the
formula: (short diameter)2 ! (long diameter)/2, and was
determined twice a week. All mice were killed at the end of
the study period and the subcutaneous tumors were removed
completely.
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IMMUNOHISTOCHEMICAL EVALUATION

Formalin-fixed, paraffin-embedded serial sections (4 mm) of 80
tumor xenograft tissues were prepared on silicone-coated slides
for immunohistochemical evaluation. Hematoxylin-eosin sections
were observed, and the presence of tumors was confirmed micro-
scopically. Immunohistochemical staining for CD31 and Ki-67
was performed using a polymer-based method (EnvisionTM þ
Dual link-system-HRP; Dako, Glostrup, Denmark) in accord-
ance with the manufacturer’s instructions. The sections were
deparaffinized in xylene, and rehydrated through graded con-
centrations of ethanol. Endogenous peroxidase activity was
blocked by incubation in 0.3% hydrogen peroxide solution for
30 min. For antigen retrieval, the sections were autoclaved in
10 mM citrate buffer (pH 6.0) at 1218C for 10 min. We used a
rabbit anti-mouse CD31 polyclonal antibody (sc-1506-R;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a dilu-
tion of 1 : 250 and a rabbit anti-human Ki-67 polyclonal anti-
body (180191z; Invitrogen, Frederick, MD, USA) at a dilution
of 1 : 100. After protein blocking, the sections were incubated
for 60 min at room temperature with each primary antibody,
followed by incubation with Envision þ Dual link reagent at
room temperature for 30 min. 3,30-Diaminobenzidine tetrahy-
drochloride was used as the chromogen, and the tissue sections
were counterstained with hematoxylin. Terminal deoxynucleo-
tidyl transferase-mediated deoxyuridine triphosphate-biotin
nick end-labeling (TUNEL) was conducted to assess the degree
of apoptosis using an In Situ Cell Death Detection Kit, POD
(Roche, Basel, Schweiz) in accordance with the manufacturer’s
instructions. Microvessel density (MVD) was defined as the
mean number of microvessels in three fields (original magnifi-
cation, !400) containing high levels of CD31-stained micro-
vessels. The Ki-67 proliferation index (PI) and apoptotic index
(AI) were defined as the percentage of positive cells among
1000 tumor cells or over in the same fields.

STATISTICS

All statistical analyses were performed with the Statview 5.0
statistical software package (Abacus Concepts, Berkeley, CA,
USA). For the therapeutic protocol, changes in tumor volume
were estimated using repeated measures analysis of variance
(ANOVA) followed by Dunnett’s post hoc test. Between-group
comparisons of the response to axitinib (MVD, PI and AI) were
estimated using one-way ANOVA followed by Dunnett’s
post hoc test. All numerical data were presented as mean+SD
Differences at P , 0.05 were considered to be statistically
significant.

RESULTS

EXPRESSION PROFILE OF THE TUMOR ANGIOGENESIS-RELATED

PATHWAY IN CC CELL LINES

Many soluble factors are known to be associated with tumor
angiogenesis (16,17). To elucidate the expression of these

angiogenesis-related molecules in CC, microarray gene ex-
pression profiling of the tumor angiogenesis pathway was per-
formed in eight CC cell lines (Fig. 1A). We examined the
gene expressions of VEGFs, angiopoietins (ANGPTs) and the
related protein, fibroblast growth factor (FGF), and platelet-
derived growth factor (PDGF) in these cell lines.

VEGFA, VEGFB, VEGFC and VEGFD are well-validated
ligands for VEGFR, and these were highly expressed in three
of the CC cell lines (3/8, 37.5%, Fig. 1A and B). Angiopoietin-
like protein 2 (ANGPTL2) was abundantly expressed in four
CC cell lines. FGF1 and FGF2 were not much expressed in any
of the CC cell lines. PDGFC and PDGFD mRNAs were abun-
dant in NCC-CC4-1. Notably high ANGPTL2 expression was
observed in cell lines with low VEGF/PDGF expression. The
presence of KRAS mutation (25) was not correlated with VEGF
or ANGPTL2 expression (Fig. 1A). Gemcitabine sensitivity
(25) was also not associated with the expression of any of the
angiogenesis factors (Fig. 1A).

Based on these expression signatures, we chose NCC-BD1
and TKKK, both of which showed high VEGF expression and
low-to-moderate expression of other angiogenesis factors, for
the axitinib treatment experiment.

IN VIVO ANTI-TUMOR EFFECT OF AXITINIB IN CC XENOGRAFTS

We evaluated in vivo anti-tumor effect of axitinib against a
gemcitabine-sensitive cell line (NCC-BD1 from EHCC) and a
gemcitabine-refractory cell line (TKKK from IHCC) using
subcutaneous xenograft models. Following the protocol used
in a previous study (27), we measured the change in tumor
volume during axitinib administration. In vivo growth of both
cell lines was significantly inhibited by axitinib treatment rela-
tive to the vehicle control (Fig. 2). The TKKK xenograft was
significantly suppressed by axitinib treatment at doses of
6 mg kg21 and more (Fig. 2A), whereas significant reduction
of the NCC-BD1 xenograft tumor was observed at a dose of
30 mg kg21 and more (Fig. 2B).

IMMUNOHISTOCHEMICAL EVALUATION OF AXITINIB TREATMENT

To further examine the biological effects of axitinib on CC
tissues in vivo, we performed immunohistochemical analysis
of all xenograft tumors after the treatment protocol (Fig. 3).
We first measured the MVD, since it has been used as a
common biological endpoint of anti-angiogenesis treatment in
previous studies (28,29). As shown in Fig. 3A, MVD was
assessed by CD31 staining of microvessels in tumor sections
(30). Consistent with the higher sensitivity to axitinib, MVD
was significantly decreased in all axitinib-treated groups of
TKKK xenografts relative to the vehicle-treated group
(Fig. 4A left). In contrast, MVD was significantly reduced in
the groups of NCC-BD1 xenografts treated with doses of 30
and 60 mg kg21 (Fig. 4A, right).

We then focused on the effects of axitinib treatment on
tumor cells. The PI, defined by the ratio of Ki-67 positive cells
(Fig. 3B), was significantly decreased in all axitinib-treated
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Figure 1. (A) Expression intensity of angiogenesis-related genes in the eight CC cell lines. Normalized expression data are presented in graduated color patterns.

Red, .10.0; orange, 5.0–10.0; yellow, 3.0–5.0; pale green, 1.0–3.0; green 0–1.0. Mutation status of the KRAS gene and gemcitabine sensitivity (S: sensitive,

R: resistance) are indicated at the bottom. (B) Total VEGF expression in eight CC cell lines. EHCC: extra-hepatic CC, IHCC: intra-hepatic CC.
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groups of NCC-BD1 xenografts (Fig. 4B left) and the groups
in TKKK xenografts treated with 30 and 60 mg kg21 axitinib
(Fig. 4B right) relative to the vehicle-treated group. We also
measured the frequency of apoptosis in tumor cells, which has
been reported to be increased by treatment with other VEGFR
inhibitors (29). Although the apoptosis positivity rate was not
so marked (Fig. 3C), the AI was significantly increased in all
the axitinib-treated groups of NCC-BD1 and TKKK xeno-
grafts relative to the vehicle-treated group.

DISCUSSION

In the present study we demonstrated the promising anti-tumor ef-
ficacy of axitinib, an orally administered specific VEGFR-1/2/3
tyrosine kinase inhibitor, against CC using xenograft models.

Multi-tyrosine kinase inhibitors, including sorafenib and suni-
tinib, have previously been shown to have inhibitory effects
on VEGFR tyrosine kinase, and their anti-neoangiogenesis
effects have been demonstrated in various tumors (30– 33).
However, broad-spectrum TKIs showed low tolerability
because of various side effects in clinical trials (34), and spe-
cific VEGFR TKIs are expected to be less toxic and better
safety in combination with chemotherapy. Axitinib is a highly
specific TKI for VEGFR1/2/3 in comparison with other
VEGFR TKIs (34). Phase II studies in patients with various
cancers (35–39) and a Phase III study (33) of patients with
metastatic renal cell carcinoma (40) have shown the effective-
ness in axitinib single use or in combination with other anti-
tumor agents, but no clinical trials for patients with CC have
been performed.

Figure 2. Average fold changes in tumor volume at each measurement point were plotted. (A) NCC-BD1 xenografts (n ¼ 10). (B) TKKK xenografts (n ¼ 10).

All data are presented as mean+SD *P , 0.05 (repeated measures ANOVA and Dunnett’s test).
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Histological examination of axitinib-treated tumors
revealed no induction of massive tumor necrosis. However,
neoangiogenesis and tumor cell proliferation were significant-
ly inhibited in both xenograft models. Axitinib treatment did
not inhibit the proliferation of NCC-BD1 and TKKK cells
in vitro (Supplementary data, Fig. S1). These observations

confirmed that the anti-tumor effect of axitinib was more
indirect, probably mainly involving anti-neoangiogenesis in
the tumor microenvironment, being consistent with the highly
selective anti-VEGFR activity of axitinib.

We previously reported that tumor cells overexpressed
VEGF in !60% of primary CC cases (24), indicating that

Figure 3. Representative pictures of CD31 (vascular endothelial cell marker, A), Ki-67 (proliferation marker, B) and TUNEL (apoptosis marker, C) in tumors of

subcutaneous xenograft models (left: control, right: axitinib-treated). In the groups treated with axitinib 60 mg kg21, the microvessel density (MVD) and prolifer-

ation index (PI) were decreased and the apoptotic index (AI) was increased relative to control tumors. Scale bar indicates 200 mm.
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tumor cells are one of the main VEGF sources in primary CC,
and the VEGF mRNA expression corresponds with the VEGF
protein expression in CC cell lines (29). Based on gene
expression profiling, we selected two CC cell lines that
expressed abundant VEGF and did not show high expression
of other angiogenesis factors for application to our therapeutic
models. No precise biomarker for predicting the efficacy of
anti-angiogenesis has yet been defined (17). However, consid-
ering the selective activity of axitinib for VEGFRs and our
in vivo results, it is possible that VEGF expression could be a
potential biomarker for axitinib treatment. Interestingly,

microarray analysis revealed that expression of ANGPTL2
was complimentary to that of VEGFs and PDGFs in the CC
cell lines. Endo et al. (41) reported that ANGPTL2 was
involved in tumor angiogenesis with low VEGF expression.
Therefore, expression of other angiogenesis factors, especially
ANGPTL2, could be a negative predictive marker for axitinib
treatment. These possibilities should be examined in a future
clinical trial.

Although gemcitabine plus cisplatin combination therapy
(GC therapy) have been established as a standard treatment
for unresectable CC (13,14), most patients treated with GC

Figure 4. Box plots of MVD (A), PI (B), and AI (C) of control and axitinib-treated xenograft tumors. Upper and under bar means 90th and 10th percentiles,

respectively, and the line in the box means the median. *P , 0.01 (ANOVA and Dunnett’s test).
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therapy have progression. However, there is no consensus
regarding alternative treatment or sequential treatments (7,9–12).
In this study, we showed that axitinib exerted an anti-tumor
effect on both a gemcitabine-resistant cell line (TKKK) and a
gemcitabine-sensitive cell line (NCC-BD1). This result sug-
gested that axitinib might be applicable as a second-line treat-
ment after gemcitabine treatment has failed. Small-molecule
compounds or antibodies with anti-angiogenesis effects have
been used in combination with other chemotherapeutic agents
(42), and axitinib has also been used in combination with
mFOLFOX6 (43) and Docetaxel (39) in Phase II studies.

In conclusion, our preclinical study has clearly demon-
strated that an orally administered selective VEGFR TKI,
axitinib, exerts a considerable anti-tumor effect against CC
in xenograft models. Our results also suggest that expression
of VEGF and other angiogenesis factors may be associated
with the efficacy of axitinib treatment, and that axitinib war-
rants further evaluation in clinical trials such as second line
setting in patients with gemcitabine refractory disease.

Supplementary data

Supplementary data are available at http://www.jjco.oxford
journals.org

Acknowledgements

This work was supported in part by the Foundation for
Promotion of Cancer Research (FPCR), Japan, and a grant-in-aid
for the Comprehensive 10-Year Strategy for Cancer Control
from the Ministry of Health, Labor and Welfare, Japan. H.T. is a
recipient of a Research Resident Fellowship from the FPCR.
INLYTA is a trademark of the Pfizer group of companies.

Funding

Conflict of interest statement

None declared.

References

1. Mouzas IA, Dimoulios P, Vlachonikolis IG, et al. Increasing incidence
of cholangiocarcinoma in Crete 1992 – 2000. Anticancer Res 2002;
22:3637–41.

2. Okuda K, Nakanuma Y, Miyazaki M. Cholangiocarcinoma: recent
progress. Part 1: epidemiology and etiology. J Gastroenterol Hepatol
2002;17:1049–55.

3. Khan SA, Thomas HC, Davidson BR, et al. Cholangiocarcinoma. Lancet
2005;366:1303–14.

4. Blechacz B, Gores GJ. Cholangiocarcinoma: advances in pathogenesis,
diagnosis, and treatment. Hepatology 2008;48:308–21.

5. Yachimski P, Pratt DS. Cholangiocarcinoma: natural history, treatment,
and strategies for surveillance in high-risk patients. J Clin Gastroenterol
2008;42:178–90.

6. Hezel AF, Zhu AX. Systemic therapy for biliary tract cancers. Oncologist
2008;13:415–23.

7. Aljiffry M, Abdulelah A, Walsh M, et al. Evidence-based approach to
cholangiocarcinoma: a systematic review of the current literature. J Am
Coll Surg 2009;208:134–47.

8. Berthiaume EP, Wands J. The molecular pathogenesis of cholangiocarcinoma.
Semin Liver Dis 2004;24:127–37.

9. Sirica AE. Cholangiocarcinoma: molecular targeting strategies for
chemoprevention and therapy. Hepatology 2005;41:5–15.

10. Thongprasert S. The role of chemotherapy in cholangiocarcinoma. Ann
Oncol 2005;16(Suppl 2):ii93–6.

11. Ieta K, Tanaka F, Utsunomiya T, et al. CEACAM6 gene expression in
intrahepatic cholangiocarcinoma. Br J Cancer 2006;95:532–40.

12. Knox JJ, Hedley D, Oza A, et al. Combining gemcitabine and
capecitabine in patients with advanced biliary cancer: a phase II trial.
J Clin Oncol 2005;23:2332–8.

13. Okusaka T, Nakachi K, Fukutomi A, et al. Gemcitabine alone or in
combination with cisplatin in patients with biliary tract cancer: a
comparative multicentre study in Japan. Br J Cancer 2010;103:469–74.

14. Valle J, Wasan H, Palmer DH, et al. Cisplatin plus gemcitabine versus
gemcitabine for biliary tract cancer. N Engl J Med 2010;362:1273–81.

15. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell
2011;144:646–74.

16. Kerbel RS. Tumor angiogenesis: past, present and the near future.
Carcinogenesis 2000;21:505–15.

17. Weis SM, Cheresh DA. Tumor angiogenesis: molecular pathways and
therapeutic targets. Nat Med 2011;17:1359–70.

18. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its
receptors. Nat Med 2003;9:669–76.

19. Gusterson BA, Gelber RD, Goldhirsch A, et al. Prognostic importance of
c-erbB-2 expression in breast cancer. International (Ludwig) breast
cancer study group. J Clin Oncol 1992;10:1049–56.

20. Han H, Silverman JF, Santucci TS, et al. Vascular endothelial growth
factor expression in stage I non-small cell lung cancer correlates with
neoangiogenesis and a poor prognosis. Ann Surg Oncol 2001;8:72–9.

21. Nicholson RI, Gee JM, Harper ME. EGFR and cancer prognosis. Eur J
Cancer 2001;37(Suppl 4):S9–15.

22. Des Guetz G, Uzzan B, Nicolas P, et al. Microvessel density and VEGF
expression are prognostic factors in colorectal cancer. Meta-analysis of
the literature. Br J Cancer 2006;94:1823–32.

23. Mohammed RA, Green A, El Shikh S, et al. Prognostic significance of
vascular endothelial cell growth factors-A, -C and –D in breast cancer
and their relationship with angio- and lymphangiogenesis. Br J Cancer
2007;96:1092–100.

24. Yoshikawa D, Ojima H, Iwasaki M, et al. Clinicopathological and
prognostic significance of EGFR, VEGF, and HER2 expression in
cholangiocarcinoma. Br J Cancer 2008;98:418–25.

25. Ojima H, Yoshikawa D, Ino Y, et al. Establishment of six new human
biliary tract carcinoma cell lines and identification of MAGEH1 as a
candidate biomarker for predicting the efficacy of gemcitabine treatment.
Cancer Sci 2010;101:882–8.

26. Hu-Lowe DD, Zou HY, Grazzini ML, et al. Nonclinical antiangiogenesis
and antitumor activities of axitinib (AG-013736), an oral, potent, and
selective inhibitor of vascular endothelial growth factor receptor tyrosine
kinases 1, 2, 3. Clin Cancer Res 2008;14:7272–83.

27. Rossler J, Monnet Y, Farace F, et al. The selective VEGFR1–3 inhibitor
axitinib (AG-013736) shows antitumor activity in human neuroblastoma
xenografts. Int J Cancer 2010;128:2748–58.

28. Tang D, Nagano H, Yamamoto H, et al. Angiogenesis in cholangiocellular
carcinoma: expression of vascular endothelial growth factor, angiopoietin-1/2,
thrombospondin-1 and clinicopathological significance. Oncol Rep
2006;15:525–32.

29. Yoshikawa D, Ojima H, Kokubu A, et al. Vandetanib (ZD6474), an
inhibitor of VEGFR and EGFR signalling, as a novel molecular-targeted
therapy against cholangiocarcinoma. Br J Cancer 2009;100:1257–66.

30. Wilhelm SM, Carter C, Tang L, et al. BAY 43– 9006 exhibits broad
spectrum oral antitumor activity and targets the RAF/MEK/ERK pathway
and receptor tyrosine kinases involved in tumor progression and
angiogenesis. Cancer Res 2004;64:7099–109.

31. Llovet JM, Bruix J. Molecular targeted therapies in hepatocellular
carcinoma. Hepatology 2008;48:1312–27.

Preclinical evaluation of axitinib in CC

This work was supported in part by the Foundation for Promotion of 
Cancer Research (FPCR), Japan, and a grant-in-aid for the 
Comprehensive 10-Year Strategy for Cancer Control from the 
Ministry of Health, Labor and Welfare, Japan.

Please shift the part of yellow line from Acknowledgements to Funding.

8

http://jjco.oxfordjournals.org/lookup/suppl/doi:10.1093/jjco/hyu045/-/DC1
http://jjco.oxfordjournals.org/lookup/suppl/doi:10.1093/jjco/hyu045/-/DC1
http://jjco.oxfordjournals.org/lookup/suppl/doi:10.1093/jjco/hyu045/-/DC1


32. Schmidinger M, Arnold D, Szczylik C, et al. Optimizing the use of
sunitinib in metastatic renal cell carcinoma: an update from clinical
practice. Cancer Invest 2010;28:856–64.

33. Rini BI, Escudier B, Tomczak P, et al. Comparative effectiveness of
axitinib versus sorafenib in advanced renal cell carcinoma (AXIS): a
randomized phase 3 trial. Lancet 2011;378:1931–9.

34. Patson B, Cohen R, Olszanski AJ. Pharmacokinetic evaluation of
axitinib. Expert Opin Drug Metab Toxicol 2012;8:259–70.

35. Cohen EE, Rosen LS, Vokes EE, et al. Axitinib is an active treatment for
all histologic subtypes of advanced thyroid cancer: results from a phase II
study. J Clin Oncol 2008;26:4708–13.

36. Spano JP, Chodkiewicz C, Maurel J, et al. Efficacy of gemcitabine plus axitinib
compared with gemcitabine alone in patients with advanced pancreatic cancer:
an open-label randomized phase II study. Lancet 2008;371:2101–8.

37. Schiller JH, Larson T, Ou SH, et al. Efficacy and safety of axitinib in
patients with advanced non-small-cell lung cancer: results from a phase
II study. J Clin Oncol 2009;27:3836–41.

38. Fruehauf J, Lutzky J, McDermott D, et al. Multicenter, phase ii study of
axitinib, a selective second-generation inhibitor of vascular endothelial

growth factor receptors 1, 2, and 3, in patients with metastatic melanoma.
Clin Cancer Res 2011;17:7462–9.

39. Rugo HS, Stopeck AT, Joy AA, et al. Randomised, placebo-controlled,
double-blind, phase II study of axitinib plus docetaxel versus docetaxel
plus placebo in patients with metastatic breast cancer. J Clin Oncol
2011;29:2459–65.

40. Rini BI, Wilding G, Hudes G, et al. Phase II study of axitinib in
sorafenib-refractory metastatic renal cell carcinoma. J Clin Oncol
2009;27:4462–8.

41. Endo M, Nakano M, Kadomatsu T, et al. Tumor cell-derived
angiopoietin-like protein ANGPTL2 is a critical driver of metastasis.
Cancer Res 2012;72:1784–94.

42. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus
irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N
Engl J Med 2004;350:2335–42.

43. Bendell JC, Tournigand C, Bednarczyk M, et al. Axitinib or bevacizumab
(bev) plus FOLFOX or FOLFIRI as second-line therapy in patients (pts)
with metastatic colorectal cancer (mCRC) [abstracts 29]. In: ASCO
Meeting 2011, p. 478.

Jpn J Clin Oncol 2014

9


