76 Katsumasa Kuroi and Masakazu Toi

_[121] Higgins KJ, Liu S, Abdelrahim M, et al. Vascular endothelial growth factor receptor-2
expression is induced by 17beta-estradiol in ZR-75 breast cancer cells by estrogen
receptor alpha/Sp proteins. Endocrinology 2006; 147: 3285-95.



Transworld Research Network
37/661 (2), Fort P.O., Trivandrum-695 023, Kerala, India

Angiogenesis: Basic Science and Clinical Applications, 2007: 549-559 ISBN: 978-81-7895-302-1
Editors: M. E. Maragoudakis and E. Papadimitriou

Inhibition of angiogenesis by
antiinflammatory drugs

Masakazu Toi'?, Ryuichi Yoshida', Md. Zahid bi Dewan’, Shoji Yamaoka’
and Nacki Yamamoto’

'Department of Surgery, Faculty of Medidne, Kyoto University
Shogoin-Kawaharacho 54, Sakyo-ku, Kyoto, 606-8507, Japan, *Department of Surgery
Tokyo Metropolitan Cancer and Infectious Disease Centre, Komagome Hospital
3-18-22, Honkomagome Bunkyo-ku, Tekye, 113-8677, Japan; *Department of
Molecular Virology, Graduate School, Tokyo Medical and Dental University

1-5-45 Yushima, Bunkyo-ku, Tokyo 113-8519, Japan

Abstract

Inflammation is one of major causes why cancers
are possible to grow continuously. It provides multiple
pro-survival signals for tumor cells. For instance,
chemical mediators produced by the interaction
berween tumor cells and wmor stromal cells help to
construct tumor neovasculatures, These stromal
inflammatory cells are notably recruited from bone
marrow so that tumors arve utilizing the stem cell
activity of bone marrow as a consequence. In order to
black the pro-umor relationship between tumor and
bone marrow, the anti-inflammatory agents are important
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essentially. In particular inhibitors of nuclear factor (NF)-kB and those of cvclooxygenase
(COX)-2 have been characterized to be promising at least in the experimental systems. In
addition, it is indicated that the antitumor activities of conventional treatments such as
chemotherapy are enhanced by the combination with anti-inflammatory agents. Therefore
various types of inhibitors are tested in preclinical or clinical studies as a single reatment
or combination. Although we need to resolve several issues for clinical application, it is
important to investigate the anti-inflammatory agents for cancer treatment.

Introduction

Tumor angiogenesis is driven by oncogenic and inflammatory stimuli. Abnormality
of oncogenes and tumor suppressor genes facilitates to induce angiogenic mediators
continuously and tumor-associated inflammation enhances angiogenic reaction
chronically. Although inflammatory reactions are complicated, abnormal accumulation of
inflammatory cells such as macrophages and neutrophils are detected in most of human
cancer tissues. Those inflammatory cells anchoring to tumor mircroenvironment are
educated by cancer cells to produce pro-tumor molecules including angiogenic mediators.
The inflammation tends to prolong unless original causes and cancer, are removed.
Therefore, it is essentially important to control cancer-related mflammation, particularly
angiogenic inflammation in order to suppress cancer progression.

Masters in angiogenesis

There are many direct and indirect evidences that show how inflammation is
important for tumor angiogenesis [1]. Depletion of monocytic cells and macrophages
results in the regression of tumors experimentally. The accumulation of tumor-associated
macrophages (TAMs) and its activation correlate significantly with the increase in tumor
microvessel density and poor prognosis in various types of human cancers [2-4]. Ant-
inflammatory agents such as cyclooxygenase (COX)-2 inhibitors are able to suppress
neovascularization. [5] It is clear that inflammation plays a crucial role in determining
the phenotype of tumor angiogenesis and of tumor progression.

Recent studies have indicated that there are two Iypes of angiogenic stimuli,
consisting of oncogenic stimuli based on the disorders of oncogenes and tumor
suppressor genes and inflammatory stimuli mainly due to the interaction between tumor
cells and stromal cells, in tumor angiogenesis [6,7]. Genomic abnormalities such as
overexpression of Her-2 and ras mutation help to produce pro-angiogenic molecules such
as vascular endothelial growth factor (VEGF) and angiopoietins (ANGs) constitutively
[8]. On the other hand, negative regulators such as thrombospondins and soluble VEGF
receptor-1 (SVEGFRI1) tend to be down-regulated by oncogenic disorders, suggesting the
balance between pro-angiogenic regulators and anti-angiogenic regulators is shifted to the
relative dominance for pro-angiogenic side [9]. This concept has been postulated by
Folkman et al. initially and it has been accepted widely [10]. In sense, it has been
demonstrated that suppression of oncogenic stimuli, such as inhibition of Her-2 signals
by anti-Her-2 monoclonal treatment, results in reducing pro-angiogenic molecules like
VEGF and in tumor regression associated with elimination of tumor vasculatures [11]. In
addition to anti-Her therapy, various types of inhibitors for oncogenic growth factor
signals are developed clinically or preclinically so that it is crucial to suppress
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inflammatory stimuli as well as oncogenic stimuli in order to control tumer angiogenesis
more efficiently. This idea is still hypothetical but it should be investigated in further
depth.

Hypoxia-inducible factor (HIF) family is thought to play a pivotal role in the
oncogenic pathways (Figure 1). Notably HIF-axis is a central player for hypoxia-induced
angiogenesis [12,13]. This transcription factor axis is responsible for not only VEGF
family but also stromal-derived cell factor (SDF)-1/CXCR-4, which is known to be a
crucial system in angiogenesis and metastasis. It was recently documented that von
Hippel-Lindau tumour suppressor protein pVHL negatively regulates CXCR4 expression
owing to its capacity to target HIF for degradation under normoxic conditions however
this process was suppressed under hypoxic conditions. SDF-1 gene expression is also
regulated by HIF-1 [14]. It is reported that expression of SDF-1 was induced in in vivo
ischemic tissue in direct proportion to reduced oxygen tension. Thus, SDF-1 and CXCR4
activation depends upon HIF activation [15]. HIF-la protein synthesis is regulated by
activation of the phosphatidylinositol 3-kinase (PI3K) and ERK mitogen-activated protein
kinase (MAPK) pathways [16]. These pathways can be activated by signaling via receptor
tyrosine kinases or G-protein-coupled receptors, Degradation of HIF-1a protein is regulated
by O;-dependent prolyl hydroxylation that targets the protein for ubiquitylation.

It is intriguing to ask what happens on tumor angiogenesis if the HIF-axis is blocked.
A recent investigation by Mizukami et al provided some hints to answer this question. It
was showed that HIF-1« knockdown was able to reduce tumor growth, presumably due
to down-regulation of tumor cell proliferation, whereas it was unable to eliminate
microvessel density in xenograft models of human colon cancer [17]. A significant but
partial reduction in VEGF expression in tumor tissues was found, and interestingly, in
contrast to VEGF, IL-8 expression was up-regulated in concert with enhanced activation
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Figure 1. Possible cascades of angiogenesis stimuli consisted of oncogenic stimuli and inflammatory
stimuli: Relationship between hypoxia-inducible factor-axis and nuclear factor-kB-axis,
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of nuclear factor (NF)-AB, speculating that 1L-8 might compensate VEGF function for
angiogenesis. NF-AB axis may play a reciprocal role for HIF-axis in certain conditions.
It has been reported that HIF-1 protein is constitutively expressed in various types of
human tumor tissues and these expressions correlated with poor prognosis significantly
[18]). Nevertheless, it is also true that the umor lacking a constitutive HIF expression
does not necessarily mean less angiogenic, so that another side of question, what
happens on HIF-axis by inhibition of NF-kB-axis, could be important to consider [19],
At present, the information is limited but several studies have shown that inhibition of
NF-kB resulted in down-regulation of VEGF in breast cancer cells and head and neck
cancer cells. Similarly, genetic or pharmacologic blocking of NF-AB suppressed
CXCR4 induction in breast cancer cells [20], For the therapeutic application, double
blockade of HIF-axis and NF-kB-axis seems to be reasonable. In fact, a dual inhibition
of VEGF and [L-8 achieved an additive or synergistic effect on tumor regression
experimentally.

Tumor-associated macrophages

Solid tumors provide numbers of machineries to evade immune surveillance system.
One important mechanism is to educate tumor-associated macrophages (TAMs).
Although precise mechanisms are still largely unknown, TAMs are likely to work for
tumor progression. In our previous studies, it was revealed that the activated TAMs such
as thymidine phosphorylase (TP) positive and CD-68 positive macrophages are
associated with unfavorable prognosis [21]. On the contrary, TP-negative TAMs rather
correlate with favorable prognosis. TP is a nucleoside metabolism enzyme with multiple
activities including stimulation of endothelial chemotaxis. Various cytokines such as TNF-a

Progressian ang metastasis

[ Acanen |
=)
f\ :) Macrophages

=0

—

bl

e —_—

Endothelial cells

Bone Marrow P
S — B

Figure 2. Relationship between tumor cells and bone marrow: It looks that the tumor cells utilize
the bone marrow for their endless growth by educating bone marrow-derived cells,
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and IL-1 and are capable of inducing TP. The concept that the activated TAMs have a
pro-tumor property has been also demonstrated by other investigations with different
markers like heme oxygenase-1 and Cap43 [22-24]. The activated TAMs can produce
large amounts of chemical mediators and proteases that help wmor angiogenesis and
tumor cell invasion.

Unless the basal cause and cancer are removed, activated inflammation is likely to
continue because originally it is a host defense mechanism. These chronic inflammation
functions as a positive feedback loop between tumor cells and bone marrow. Various
types of cytokines and chemokines such as 11-1 and macrophage chemoattractant protein
(MCP)-1 are known to play a key role for recruiting TAMs from bone marrow and its
activation [25]. In addition, tumors request bone marrow fo provide progenitor
endothelial cells. VEGF, and other mediators like SDF-1 and MCP-1 can be participating
in the recruitment of these progenitor cells into the tumor bed. Mobilization of the
progenitor cells may also prepare the condition for tumor metastasis [27-29]. Tumor
utilizes the bone marrow stem cells to progress (Figure 2). Blocking of the relationship
between tumor and bone marrow may result in diminishing systemic spread of wmor
cells.

Anti-inflammatory agents
NF-kB inhibitors

The nuclear factor-kB (NF-kB) proteins are a small group of closely related
transcription factors, which in mammals consist of five members: Rel (also known as c-
Rel), RelA (also known as p65 and NF-kB3), RelB, NF-kBI (also known as p50) and
NF-kB2 (also known as p52.) In resting cells, NF-xB is sequestered as an inactive
precursor in association with inhibitory IkBs in the cytoplasm [30,31]. On stimulation
(virus, bacteria, TNF-a and IL-1), Ixbs are rapidly phosphorylated, ubiquitinated, and
degraded by a proteasome-dependent pathway allowing active NF-kB to translocate into
the nucleus where it can activate the expression of a number of genes. NF-xB activation
‘has been connected with multiple processes of oncogenesis including control of
apoptosis, cell-cycle, differentiation, and cell migration. A major link between
inflammation and carcinogenesis may depend on NF-xB activation, It was estimated
that inflammation may play a role in the etiology of 15% human cancers, mostly acting
as a tumor promoter. Furthermore, it is important to note that NF-£B is induced by anti-
cancer treatments. It potentially acts for therapeutic resistance. In a recent study of
preoperative chemotherapy for primary breast cancer, it was unlikely to achieve
pathological complete response for tumors with NF-iB expression, despite of partial
respanse was possible to achieve. Right now, major hurdle to treat cancer patients is to
develop of drug-resistance of cancer cells as well as side effects of drugs using
conventional therapies. Therefore, development of new and effective therapeutic
strategies is urgently needed to improve the prognosis of cancer and viral infected
patients. Recently, treatment strategies to target molecules responsible for the
maintenance and growth of the tumor cells have been emphasized [32-37], These
strategies intensify the specificity of the treatment and minimize undesirable toxicity to
normal cells. Thus, the molecular target strategy provides an opportunity to overcome
resistance to conventional chemotherapy [34]. Despite the diversity in clinical manifestations
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Table L NF-xB inhibitory agents

Inhi Dietary agents
Bdi2 inhibitors Curcumin (Tumeric curry)
DHMEQ Epwgaliocatechin-3-galiate
EGF recaptor ralated protein (Green tea)
Flavopiridol Hurman milk
HDAC inhibitors Genistein (Soybean)
HIV protease inhibitors Lupeol (Olive. Mango)
HSPY0 inhibitors Lycopene (Tomato)
Proteinase inhibitors Resveratol (Red grapes)
Proteosome Inhibitors Sesquiterpene lactons
Synthatic retinoids (Asteracease plants)
NSAIDs Others
Steroids

Other IKK modulators/ inhitiitors

of cancers, strong and constitutive NF-kB activity was reported to be a unique and
common characteristic of many cancer cells that triggers proliferation and expression of
various cytokines, and by which these cells were prevented from undergoing apoptosis.
Therefore, targeting the NF-kB pathway and inhibition of NF-kB activity is a logical
molecular target strategy for cancer therapy. Bay 11-7082, a specific and effective NF-kB
inhibitor, suppressed the NF-kB activity of adult T-cell leukemia (ATL) cells and
prevented the tumor growth and infiltration of ATL cells in murine model [35). Bay 11-
7082 and Bay 11-7085 induced apoptosis of colon cancer cells.Treatment of
immunocompromised mice with Bay 11-7085 completely inhibited tumor implantation in
the liver after the intraperitoneal delivery of HT-29 colon cancer cells, DHMEQ, a novel
NF-kB inhibitor selectively targets constitutive NF-kB activity and induces apoptosis of
ATL, multiple myeloma, Hodgking's lvmphoma, breast cancer, and prostate cancer cells
in vitro and in vivo [38-41]. Ritonavir, an HIV protease inhibitor very efficiently
prevented tumor growth and leukemic infiltration of ATL cells at the same dose used for
treatment of patients with AIDS [42]. Proteasome inhibitors inhibited the Ikb degradation,
which lead to the maintenance of NF-KB in the cytoplasm that has shown promising
anticancer responses both in vitro and in vivo [43,44]. A novel NF-kB inhibitor, IMD-
0345 inhibits the NF-kB activity and induces the apoptosis of Neoplastic mast cells and
breast cancer cells [45]. These findings suggest that NF-kB inhibitor may be a promising
compound that targets constitutively activated NF-kB in cancer and virus infected cells
and that can translate this strategy into clinical medicine. These results would provide a
new concept and novel platform for development of new drugs against cancer. In
addition, dietary agents that have anti-NF-kB activities have potential for cancer
prevention [34 46-48],

COX-2 inhibitors

Prostaglandin endperoxide synthase, commonly called cyclooxygenase (COX) has
two known isoforms namely COX-1 and COX-2. COX-1 is constitutively expressed in
almost all normal tissues, and is responsible for regulation of *housekecping’ functions.
COX-2, an inducible prostaglandin synthase that catalyzes the formation of
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prostaglandins and other eicosaniods from arachidonic acid, COX-2 protein mainly
mediates a pro-inflammatory role and is overexpressed in several human malignancies such
as colorectal cancer and adenoma, gastric cancer, breast cancer and brain tumor.
Furthermore, COX-2 has been found to play important roles in cell adhesion and migration,
apoptosis and angiogenesis through animal models. Non-steroidal anti-inflammatory drugs
(NSAIDs), including COX2 inhibitors, are well known for the regression of adenomatous
polyps of the colon and preventing the development of various cancers. The most
commonly accepted theory to account for the inhibitory effects of these agents on the
inflammatory response and their ability to prevent cancer arises from the idea that inhibition
of cyclooxygenase activity by NSAIDs prevents prostaglandins synthesis. The prevention
of prostaglandin synthesis by inhibition of COX2 activity therefore potentially suppresses
mitogenic signaling, angiogenesis, tumor-cell invasion and metastasis. Another possible
mechanism is that NSAIDs could also inhibit the activation of NF-kB. Salicylates (NSAIDs
such as aspirin) inhibit the activity of IKKb and prevent NF-kB activation, Sulindac, an
NSAID that induces regression of adenomas in patients with familial adenomateous
polyposis, inhibits NF-kB pathway by inhibiting IKK activity [49]. NF-kB has been
reported to regulate the COX2 promoter, leading to transcriptional activation of the COX2
gene [50]. Recent studies indicate that the COX2 inhibitor celecoxib inhibits NF-KB
activation through inhibition of IKK and AKT activation, leading to down-regulation of
COX2 synthesis [51]. Therefore, a COX2 inhibitor would seem 1o be a possible candidate
for inhibition of NF-kB, leading to increase sensitivity of cancer cells to anticancer drugs.
Sulfasalazine, an anti-inflammatory and immunosuppressive agent inhibits IKKa and IKKb,
leading to the inhibition of NF-kB might be a useful complementary therapies for cancers
with constitutively active NF-kB [52].

CXCR4 antagonists

Chemokines and their receptor have recently received considerable attention because
of their important role in immune and inflammatory responses, angiogenesis,
hematopoiesis, cancer, and HIV-1 infection [53-59]. Muller et al. first reported that
chemokine receptor CXCR4 is highly expressed in human breast cancer cells, malignant
breast tumors and metastatic tumors [60]. CXCR4-expressing breast cancer cells
aggressively metastasize in secondary organs, where SFD-1 expression is significantly
higher. Neutralization of SDF-1/CXCR4 interaction significantly inhibits the metastasis
of breast cancer cells in distant organs. Systemic administration of the CXCR4 antagonist
AMD3100 inhibited the growth of intracranial glioblastoma and medulloblastoma
xenografts, and increased tumor cell apoptosis within 24 hours [61]. It appears that
CXCR4 signaling may promote breast cancer through a wide range of mechanisms,
including proliferation and survival of cancer cells, angiogenesis, and chemoinvasion of
cells at primary and metastasis sites. Recent studies using mouse models of breast cancer
and specimens from human tumors emphasize the importance of the tumor
microenvironment in controlling the SDF-1/CXCR4 signaling pathway. CXCR4
antagonist KRH-1636 (12 mg/kg/day) inhibited tumor growth at the sites of the primary
region and metastasis to lung in our murine model (unpublished data). The
comprehensive study of chemokines and receptors in primary tumors, metastatic lesions
and corresponding normal tissues will be crucial to further understanding of the cancer
chemokine network. Therefore, CXCR4 is a potential therapeutic target in human cancer,
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Figure 3. Stress including anticancer treatments can induce cell survival signals such as nuclear
factor-kB, cyclooxygenase-2 and thymidine phosphorylase those are involved in inflammatory
angiogenesis closely.

although more extensive studies using established tumors and antagonists of other
receptors are required.

Future perspectives

Anti-inflammatory agents are important to incorporate into cancer therapy, because it
is evident that chronic inflammation is a crucial mechanism to support an endless
progression of cancer. Inflammatory cells and progenitor cells derived from bone marrow
are mobilized and recruited to tumor bed by inflammatory mediators directly or
indirectly, and then these cells are likely to function for produce pro-tumor stroma
including tumor vasculatures. In the experimental studies or in the suppression of in situ
diseases like adenomatous polyps, the anti-inflammatory agents can suppress
neovascularization and tumor growth. Nevertheless, it is still unclear that anti-
inflammatory agents are able to regulate cancer growth or not. For the clinical
application, in particular for the treatment of invasive cancers, it might be important to
consider the anti-immune aspect of anti-inflammatory agents. In recent clinical
observation of rheumatoid arthritis, it seems that anti-TNF therapy tends to increase the
incidence of cancer. Thereby, it would be essential to maintain anti-immune activities of
the host cells during the treatment with anti-inflammatory agents. Furthermore, it is
warranted to predict or prevent anti-cardiovascular side effects of anti-inflammatory
drugs especially COX-2 inhibitors. However, theoretically and conceptually, it is
reasonable to develop anti-inflammatory agents for cancer weatment and prevention,
Since we have learned several important lessons from the clinical trials with COX-2
inhibitors and other anti-inflammatory agents, it is required to consider novel ideas and
approaches to overcome the negative aspects of anti-inflammatory agents and to develop
it for cancer patients or cancer high-risk individuals.



Inhibition of angiogenesis by antiinflammatory drugs 557

References

L.
2,
%

10.
1.
12,

13.
14,

16.
17.

20.
21
22,
. Nishie, A., Ono, M., Shono, T., Fukushi, J., Otsubo, M., Onoue, H., lto, Y., Inamura, T,

24,

26.
. LeCouter, J., Zlot, C., Tejada, M., Peale, F., and Ferrara, N. 2004, Proc. Natl. Acad. Sci.

28.

Pollard, J.\WY. 2004, Nat. Rev, Cancer, 4, 71,

Balkwill, F, 2004, Nat. Rev. Cancer, 4, 540,

Toi, M., Ueno, T., Matsumoto, H., Saji, H., Funata, N., Koike, M., and Tominaga T. 1999,
Clin. Cancer Res., 5, Significance of thymidine phosphorylase as a marker of protumor
monocytes in breast cancer. Clin Cancer Res,, 5, 1131,

Mantovani, A., Schioppa, T., Porta, C., Allavena, P., and Sica, A.C. 2006, Cancer Metastasis
Rev. 25,315,

Hallak, A., Alon-Baron, L., Shamir, R., Moshkowitz, M., Bulvik, B., Brazowski, E., Halpem,
Z., and Arber, N. 2003, Dig. Dis. Sci,, 48, 1998,

Pouyssegur, 1., Dayan, F., and Mazure, N.M. 2006, Nature, 441,437,

Karin, M. 2006, Nature, 441,431,

Giuriato, S., Ryeom, S., Fan, A.C., Bachireddy, P., Lynch, R.C., Rioth, M.J., van Riggelen, J.,
Kopelman, AM., Passegue, E., Tang, F., Folkman, J,, and Felsher D.W. 2006, Proc. Natl
Acad. Sci. U.S.A. 103, 16266,

Bando, H., Weich, H.A., Brokelmann, M., Horiguchi, S., Funata, N., Ogawa, T., and Toi, M.
2005, Br. J. Cancer, 14, 553,

Folkman, J. 1995, Nat. Med,, 1, 27.

lzumi, Y., Xu, L., di Tomaso, E., Fukumura, D., and Jain, R.K. 2002, Nature, 416,279,
Bemardi, R., Guemah, 1, Jin, D., Grisendi, S., Alimonti A., Teruya-Feldstein, 1., Cordon-
Cardo, C., Simon, M.C., Rafii, S., Pandolfi, P.P. 2006, Nature, 442, 779. ]

Harris, A.L. 2002, Nat. Rev. Cancer, 2, 38.

Ding, M., Cui, S., Li, C., Jothy, S., Haase, V., Steer, B.M., Marsden, P.A., Pippin, 1,
Shankland, S., Rastaldi, M.P., Cohen, C.D., Kretzler. M., and Quaggin, S.E. 2006, Nat. Med.,
12, 1081.

. Ceradini, D.J., Kulkami, A.R., Callaghan, M.J., Tepper, O.M., Bastidas, N, Klemman, M.E.,

Capla, J.M., Galiano, R.D., Levine, J.P., and Gurtner, G.C. 2004, Nat. Med. 10, 838,

Semenza, G.L. 2003, Nat. Rev. Cancer, 3,721,

Mizukami, Y., Jo, W.S,, Duerr, EM,, Gala, M., Li, J., Zhang, X., Zimmer, M.A_, lliopoulos,
0., Zukerberg, L.R., Kohgo, Y., Lynch, M.P., Rueda, B.R., and Chung, D.C. 2005, Nat. Med.
11,992,

. Generali, D., Berruti, A., Brizzi, M.P., Campo, L., Bonardi, S., Wigfield, S., Bersiga, A,,

Allevi, G., Milani, M., Aguggini, S., Gandolfi, V., Dogliotti, L., Bottini, A., Harris, A L., and
Fox, 5.B. 2006, Chin. Cancer Res,, 12,4562,

. Kuwai, T., Kitadai, Y., Tanaka, S., Onogawa, S., Matsutani, N., Kaio, E., Ito, M., and

Chavama, K. 2003, Int. 1. Cancer, 105, 176.

Staller, P., Sulitkova, J., Lisztwan, 1., Moch, H., Oakeley, E.J., Krek, W. 2003, Nature, 425, 307,
Toi, M., Rahman, M.A., Bando, H., and Chow, W.C. 2005, Lancet Oncol,, 6, 158.
Torisu-Itakura, H., Furue, M., Kuwano, M., and Ono, M. 2000, Jpn. J. Cancer Res., 91, 906.

Ikezaki, K., Fukui, M., lwaki, T., and Kuwano, M. 1999, Clin. Cancer Res., 5, 1107.
Nishie, A., Masuda, K., Otsubo, M., Migita, T., Tsuneyoshi, M., Kohno, K., Shuin, T., Naito,
8., Ono, M., and Kuwano, M. 2001, Clin. Cancer Res., 7, 2145,

. Ueno, T., Toi, M., Saji, H., Muta, M., Bando, H., Kuroi, K., Koike, M., Inadera, H., and

Matsushima, K. 2000, Clin. Cancer Res. 6, 3282,
Gasparini, G., Longo, R., Toi, M., and Ferrara, N, 2005, Nat. Clin. Pract. Oncol, 2, 562.

U.S.A,, 101, 16813,
Shaked, Y., Ciarrocchi, A., Franco, M., Lee, C.R., Man, S., Cheung, AM., Hicklin, D.J.,
Chaplin, D, Foster, F.S., Benezra, R, and Kerbel, R.S, 2006, Science, 313, 1785,



558 Masakazu Toi ef al

29. Muta, M., Masumoto, G., Nakashima, E., and Toi, M. 2006, Clin. Cancer Res, 12,264,

30. Baldwin, A.S. 1999, Annu. Rev. Immunol., 14, 649.

31. Coussens, L.M. and Werb, Z. 2002, Nature, 420, 860.

32. Mon, N. Fujii, M., Tkeda, S., Yamada, Y. Tomonaga, M., Ballard, D.W_, and Yamamaoto, N
1999, Blood, 93, 2360,

33. Hideshima, T. Chauhan, D., Richardson, P, Mitsiades, C., Mitsiades, N., Hayashi, T., Munshi,
N,, Dang, L., Castro, A, Palombella, V., Adams, J.. and Anderson, K.C. 2002, J. Biol Chem.,
277, 16639,

34, Nakanishi, C., and Toi, M. 2005, Nat. Rev. Cancer, §, 297,

35. Mori, N, Yamada Y., Ikeda, S., Yamasaki, Y., Tsukasaki, K., Tanaka, Y., Tomonaga, M.,
Yamamoto, N,, and Fujii, M, 2002, Blood, 100, 1828,

36, Dewan, MZ. Terashima, K., Taruishi, M., Hasegawa, H,, lto, M., Tanaka, Y., Mon, N, Sata,
T., Koyanagi, Y., Maeda, M., Kubukd, Y., Okayama, A., Fujii, M., and Yamamoto, N. 2003, J.
Virol., 77, 5286.

37, Lin, ZP, Boller, Y.C., Amer, SM,, Russell, R L., Pacelli, K.A,, Patiemo, S.R_, and Kennedy,
K_A. 1998, Cancer Res., 58, 3039.

38, Watanabe, M., Ohsugi, T., Shoda, M, Ishida, T., Aizawa, S, Maruyama-Nagai, M.,
Utsunomiva, A., Koga, S., Yamada, Y., Kamihira, §., Okavama, A, Kikuchi, H., Uozumi, K.,
Yamaguchi, K., Higashihara, M., Umezawa, K, Watanabe, T., and Horie, R. 2005, Blood,
106, 2462,

39. Watanabe, M, Dewan, M.Z,, Okamura, T, Sasaki, M, Itoh, K, Higashihara, M., Mizoguchi,
H., Honda, M., Sata, T., Watanabe, T., Yamamoto, N., Umezawa, K., and Horie, R. 2005, Int.
J. Cancer, 114, 32,

40, Matsumoto, G., Namekawa, J., Muta, M., Nakamura, T., Bando, H., Tohyama, K., Toi, M.,
and Umezawa, K. 2005, Clin. Cancer Res,, 11, 1287.

41, Kikuchi, E., Horiguchi, Y., Nakashima J., Kuroda, K., Oya, M., Ohigashi, T., Takahashi, N.,
Shima, Y., Umezawa, K., and Murai, M. 2003, Cancer Res., 63, 107.

42. Dewan, M.Z., Uchihara, JN., Terashima, K., Honda, M., Sata, T., Ito, M., Fujii, N., Uozumi,
K., Tsukasaki, K., Tomonaga, M., Kubuki Y., Okayama, A, Toi, M., Mari, N., and
Yamamoto, N. 2006, Blood, 107,716.

43, Zheng, B., Georgakis, G.V., Li, Y., Bharti, A., McConkey, D., Aggarwal, B.B., and Younes,
A. 2004, Clin, Cancer Res,, 10, 3207.

44. Adams, ). 2004, Nat. Rev, Cancer, 4, 349,

45. Tanaka, A., Konno, M., Muto, S., Kambe, N., Morii, E., Nakahata, T., ltai, A., and Matsuda,
H. 2005, Blood, 105, 2324.

46. Watnbe, M., Hishikawa, K., Takayanagi, A., Shimizu, N., and Nakaki, T, 2004, J. Biol. Chem..
279,6017.

47. Holmes-McNary, M., and Baldwin, A.S. Jr. 2000, Cancer Res. 60, 3477,

48, Li L, Aggarwal, B, B,, Shishodm, S, Abbruzzese, J., and Kurarock, R, 2004, Cancer, 101, 2351,

49, Yasui, H., Adachi, M., and Imai, K. 2003, Ann, N.Y, Acad. Sci. 1010, 273,

50. Ding, 1., Li, I, Xue, C., Wu, K,, Ouyang, W., Zhang, D., Yan, Y., and Huang, C. 2006, J.
Biol. Chem., 281, 24405, .

51. Shishodia, S., Koul, D., and Aggarwal, B.B. 2004, J. Immunol, 173, 2011,

52. Lappas, M., Yee, K., Permezel, M., and Rice, G.E. 2005, Endocrinology, 146, 1491,

53, Premack, B.A, and Schall, T.J. 1996, Nat, Med., 2, 1174,

54. Rollins, B.J. 1997, Blood, 90, 909.

55, Bokoch, G.M. 1995, Blood, 86, 1649.

56. Gerard, C., and Gerard, N.P. 1994, Curr. Opin. Immunol., 6, 140,

57. Taub, D.D., and Oppenheim, J.1. 1994, Ther. Immunol,, 1, 229.

58. Moore, JP, Trkola, A, and Dragic, T. 1997, Curr. Opin. Immunol,, 9, 551.

59. Luster, A.D. 1998, N. Engl J. Med., 338,436,



Inhubition of angiogenesis by antiinfl y drugs 559

60. Muller, A., Homey, B., Soto, H., Ge, N., Catron, D., Buchanan, M.E., MeClanahan, T.,
Murphy, E., Yuan, W., Wagner, S.N., Barrera, J.L., Mohar, A., Verastegui, E., and Zlomik, A.
2001, Nature, 410, 50,

61. Rubin, JB., Kung, AL, Klein, R.S., Chan, J.A,, Sun, Y., Schmidt, K., Kieran, M.W., Luster,
A.D., and Segal, R.A. 2003, Proc. Natl. Acad Sci, U.S.A,, 100, 13513,



Reflection and Reaction

See Articles page 45

Therefore, is EGFR targeting in pancreatic cancer a futile
research area, especially when monoclonal antibodies
are used for targeting? In my opinion the answer to this
guestion is probably no. Research on the identification
of predictive biomarkers is underway, and, therefore,
EGFR blockade with monoclonal antibodies will probably
be revisited in the near future when these studies are
successfully completed. Moreover, given the redundancies
of signalling pathways, EGFR inhibitors might have greater
benefits when combined with other targeted treatments.
Preclinical models of pancreatic cancer should guide our
study of targeted combinations in clinical trials and help
refine the Identification of biomarkers. Finally, EGFR
blockade might have greater benefit when used alone or
in combination with different cytotoxic drugs, because
gemcitabine alone offers only a small clinical benefit to
patients.

The tradition of randomly combining drugs in the
hope of achieving a better outcome in an unselected
patient population or patients selected on unproven
scientific grounds should be replaced by individualised
treatments that have a solid scientific rationale. An
exploration of predictive biomarkers should start before
and continue alongside properly designed clinical trials.
In this way, futile and costly exercises are avoided and
patients with advanced pancreatic cancer might have
the active treatments they so desperately need.

Philip A Philip

Karmanos Cancer Institute, Detroit. MI, LISA

philipp@karmanes.org
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Long-term outcomes of aromatase inhibition for breast cancer

Hormone manipulation is an essential treatment
option for breast cancer, Oestrogen depletion decreases
disease occurrence and suppresses disease progression,
especially hormaone-dependent growth and metastasis.
Recent accumulated data from postoperative adjuvant
trials that compared use of third-generation steroidal
or non-steraidal aromatase inhibitors with tamoxifen (a
selective oestrogen-receptor modulator) have suggested
that aromatase inhibitors are better than tamoxifen
at decreasing disease recurrence and occurrence of
contralateral breast cancer, as a class effect.”?

Major guidelines and consensus meetings recommend
S-years of adjuvant treatment with aromatase inhibitors
or 2-3 years of tamoxifen followed by 2-3 years of
aromatase inhibitors as a standard treatment for
women with breast cancer who are hormone-receptor-

positive and postmenopausal*® However, the long-
term therapeutic effect of treatment with aromatase
inhibitors, especially disease control, after cessation
of the treatment and adverse effects on bone and the
cardiovascular system, have yet to be clarified.

In this issue of The Lancet Oncology, the Arimidex,
Tamoxifen, Alone or in Combination (ATAC) Trialists'
Group report findings of an analysis of 100-month follow-
up data* In the overall intention-to-treat and hormone-
receptor-positive populations, disease-free survival, time
to recurrence, time to distant recurrence, and incidence
of new contralateral breast cancer Improved significantly
in women assigned anastrozole compared with women
assigned tamoxifen, This improvement in disease control
withanastrozole treatment was maintained for more than

8 years, suggesting that the therapeutic effect of 5 years'

http/foncology thelancet com Vol 9 January 2008
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treatment with aromatase inhibitors can be prolonged
for over 3 years after treatment cessation, The Early Breast
Cancer Trialists' Collaborative Group (EBCTCG) showed
that disease control by use of § years’ treatment with
tamoxifen is maintained after cessation of treatment for
5-10 years.” Therefore, given the long-term findings from
the ATAC trial reported in this issue,®anastrozole might
have a larger carryover effect after cessation of treatment
than tamoxifen, which should be taken into consideration
in clinical-practice decisions. Likewise, a lower number
of recurrences and of new contralateral breast cancers
after anastrozole compared with tamoxifen was also
maintained in the latest findings from the ATAC trial.

Despite the findings mentioned above, no significant
survival advantage for anastrozole over tamoxifen was
shown in this trial** Deaths after recurrence were fewer
in women assigned anastrozole than in those assigned
tamoxifen (350 vs 382); however, deaths without recur-
rence were more frequent with anastrozole treatment
than for tamoxifen (279 vs 242). The researchers did not
note any significant difference in the incidence of deaths
due to cardiovascular or cerebrovascular disease, but
deaths due to second primary non-breast cancers and
deaths due to other causes were more frequent in patients
assigned anastrozole. Endometrial cancers, ovarian
cancers, and melanomas were less frequent in those
assigned anastrozole; however, colorectal cancers, lung
cancers, and head and neck cancers were more frequent
in women assigned anastrozole. With the exception of
endometrial cancers, no statistically significant difference
was noted for the occurrences of these cancers.

According to epidemiological studies, hormone-
replacement treatment probably decreases the risk of
developing colorectal cancer.® Additionally, oestrogen
receptors a and B have been shown to inhibit the
development of adenomatous polyposis coli (APC)-
dependent colon cancer in mice.* By contrast, aroma-
tase seems to enhance disease progression in lung
cancers,” suggesting that the role of oestradiol in tumour
progression or tumour regression could be diverse and
dependent on cancer type. Since oestrogen receptor B is
widely expressed in many organs, the effects of hormone
manipulation on non-breast malignant disease occur-
rence needs to be assessed further.

Furthermore, in two trials that studied treatment with
tamoxifen followed by aromatase inhibitors (such as
exemestane and anastrozole), despite relatively short

http:floncologythelancet.com Vol 8 January 2008

follow-up, incidence of second primary non-breast cancer
was lower in patients assigned an aromatase inhibitorthan
in those assigned tamonxifen alone.” Therefore, we might
not need to worry at present about the increased numbers

- of colorectal, lung, and head and neck cancers noted in the

long-term ATAC findings for patients assigned anastrozole,
but we need to continue collecting data on the incidence
of these second primary non-breast cancers.

Fracture incidence is one of the adverse effects of
aromatase inhibition that has caused most concern for
oncologists and patients. Previous findings from both
the ATAC group and others have shown that during the
treatment period, patients assigned to an aromatase
inhibitor have a higher incidence of bone fracture than
those assigned to tamoxifen.® However, in the post-
treatment period, the incidence of fractures decreased in
both groups of patients,®and the difference in fractures
between the two treatment groups was no longer
apparent.* These findings lend support to a working
hypothesis that bone damage by aromatase inhibition
is reversible and potentially manageable, although the
mechanisms of action of the bone damage by aromatase
inhibitors and subsequent apparent recovery are still
unclear."

Oestrogen blockade s a core conceptinthe management
of hormone-receptor-positive breast cancers. The ATAC
trial has elucidated that arormatase inhibition can achieve
a larger carryover effect in long-term disease control
compared with tamoxifen treatment. However, we still
need to pay attention to long-term follow-up findings,
not only of this trial, but also of other trials containing
aromatase inhibitors because an advantage in terms of
overall survival has not yet been confirmed.

Masakazu Toi
Breast Surgery, Graduate School of Medicine, Kyoto University,

Kyoto, Japan
tol@kuhp kyoto-u.acjp
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Call for papers: lung cancer, Storyboard, and From the Archives

In 2007 The Lancet Oncology published themed issues
on paediatric oncology and on breast cancer. We will be
continuing this concept into 2008 with athemed issue
on lung cancer. Despite many advances in treatment
over recent years, lung cancer is still the number one
cause of death due to cancer in the world' and mean
relative 5-year survival is only 12:6% in Europe’. The
Lancet Oncology is therefore issuing a call for papers
that report on major advances in the management
of lung cancer. In particular, we are interested in the
results of phase Il randomised clinical trials. Accepted
papers will be published in The Lancet Oncology
to coincide with the International Lung Cancer
Conference ([ILCC] Liverpool, UK, July §-12, 2008),
We are especially interested in research that will be
presented at this conference, but we will also consider
other suitable articles. If your study describes, in part
or wholly, a study accepted for presentation at the
ILCC, please let us know the precise details of the type
of presentation (such as poster or oral presentation),
including dates and times, so that publication in The
Lancet Oncology can be scheduled to comply with
ILCC's embargo policies. Articles should be submitted
via The Lancet Oncology's online submission service,
and all authors must clearly state in the covering
letter that their submission is in response to the *Lung
Cancer Call for Papers”. The deadline for submissions is
May 2, 2008,

Second, The Lancet Oncology is introducing two
new sections: Storyboard and From the Archives.
Storyboard will provide an educational and
entertaining opportunity to present new oncological
techniques in pictorial form and will allow the
progressive accumulation of knowledge by leading
a reader from panel-to-panel. From the Archives will
be a short report based on a reference of historical
impertance in oncology that has contributed to a
substantial change in thinking In the era originally
published. Please see our Information for Authors for
full details of these new sections.

Lidia Siemaszkiewicz
The Lancet Oncology, Lendan NW1 7BY, UK
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Molecular target therapy: basics and clinical application
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Breast cancer is unique in that molecular target therapy has
been widely practiced and has been playing a very
important role in its treatment, i.e., hormonal therapy with
tamoxifen can be considered as one of the oldest molecular
target therapies. Tamoxifen selectively binds to estrogen
receptor (ER) and antagonizes the estrogen-dependent
growth-stimulative effects. Tamoxifen has been widely
used for the treatment of breast cancer in the metastatic and
adjuvant setting as a golden standard for more than two
decades. Hormonal therapy with aromatase inhibitor is also
a molecular targeted therapy because the third-generation
aromatase inhibitors selectively bind to aromatase and
inhibit its action, resulting in deprivation of intra-tumoral
estrogens.

Another example of molecular target therapy for breast
cancer is trastuzumab (humanized anti-HER2 antibody).
Identification of HER2 gene amplification in about 20% of
breast cancers leads to trastuzumab, which is currently used
as a standard treatment not only in the metastatic setting
but also in the adjuvant setting, Furthermore, recent studies
have revealed that trastuzumab plus chemotherapy (taxane
and anthracycline) dramatically increases the complete
pathological response in the neoadjuvant setting, prompt-
ing the future use of this combination in this setting. Other
novel targeted treatments which are under clinical evalu-
ation, including antiangiogenic compounds (bevacizumab,
sunitinib, and others) and bi-functional drugs such as

S. Noguchi (B2)

Department of Breast and Endocrine Surgery,

Osaka University Graduate School of Medicine, Osaka, Japan
e-mail: noguchi @onsurg.med.osaka-u.ac.jp

M. Toi
Department of Breast Surgery, Kyoto University Graduate
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lapatinib [anti-HER2 and (epidermal growth factor recep-
tor) EGFR agent] are showing promise.

At the 15th Annual Meeting of the Japanese Breast
Cancer Society in Yokohama, Symposium 3, held on 30
June 2007, was entitled “Molecular target therapy: basics
and clinical application™. In that symposium, updated
results of recent clinical studies on the development of
molecular target therapies in breast cancer as well as
challenges to design a drug in silico and to develop a new
drug delivery system targeted at hypoxia were presented by
seven speakers, including one invited from the United
States. Summaries of their remarks follow.

The first speaker Dr. Kathy D. Miller from the Breast
Care and Research Center, Division of Hematology and
Oncology, Indiana University School of Medicine, USA,
made a keynote address on molecular target therapy. She
talked about the history of molecular target therapies and
stressed the important role played by basic research in the
development of such therapies. Updated results of pivotal
clinical trials on trastuzumab, lapatinib, and sunitinib were
also presented with great enthusiasm. Trastuzumab has
been shown to be very active not only in the metastatic
setting but also in the adjuvant setting, and adjuvant
trastuzumab is now well accepted as a standard therapy for
HER2-positive breast cancer. Furthermore, recent success
in the introduction of trastuzumab in the neoadjuvant set-
ting in combination with paclitaxel and 5-fluorouracil,
epirubicin, cyclophosphamide (FEC) results in a surpris-
ingly high pathological complete response rate with no
serious cardiotoxicity, making further studies of neoadju-
vant trastuzumab justifiable and attractive. Lapatinib, a
dual inhibitor of EGFR and HER2, has also been shown to
be active in the metastatic setting for HER2-positive breast
cancer which becomes resistant to trastuzumab therapy,
and the combination of lapatinib with capecitabin has been

@ Springer
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demonstrated to be better than capecitabin alone in terms
of time to progression (TTP). Sunitinib, an antiangiogenic
compound, has been reported to show a promising efficacy
in heavily pretreated metastatic breast cancer. Dr. Miller is
an author of one of the articles in this issue, in which more
detailed information is available.

Dr. Reiki Nishimura from Kumamoto City Hospital
talked about his group’s data on treatment with Irast-
uzumab in metastatic breast cancer patients with special
reference to the relevance of trastuzumab monotherapy,
although trastuzumab is usually given concurrently with
chemotherapy. He stated that a combination of trastuzumab
and chemotherapy brings about a better response rate than
trastuzumab monotherapy, but survival duration was sta-
tistically not different, and he concluded that “trastuzumab
monotherapy can be considered an option for patients with
non-life-threatening disease”. More in-depth information
from Dr. Nishimura's presentation is contained in an article
in this issue.

Dr. Hiroji Iwata from the Aichi Cancer Institute
Hospital, representing the Lapatinib Study Group, made a
presentation about the phase [T study on lapatinib that was
conducted in Japan, targeting HER2-positive breast cancer
pretreated with anthracycline, taxane, and trastuzumib.
The response rate to lapatinib was 36%, with a median TTP
of 3.8 months. Although the group studied the association
between response to lapatinib, and expression and mutation
of various markers (EGFR, HER2, PIK3CA, PTEN), they
found no significant association. A further study is in
progress.

Dr. Daishu Miura from the Toranomon Hospital studied
the mechanism of the additive effect of trastuzumab with
paclitaxel from the viewpoint of antibody-dependent cel-
lular cytotoxicity (ADCC) through determination of ADCC
before and after trastuzumab monotherapy or combination
therapy with paclitaxel. He suggested the possibility that
the additive effect of trastuzumab and paclitaxel can be
partially explained by the increase in ADCC, which is
induced by this combination therapy.

Dr. Hiroo Nakajima from the Kyoto Prefectural
University of Medicine introduced a novel in silico-
designed HER2-targeting agent, HER2 reactive peplide-

@ Springer

self-assembling regulatory molecule (HRAP-SARM),
which binds to HER2 hot spots and blocks heterodimer-
ization of HER family proteins such as HER2Z/HER3
dimers. Experimentally, the data look promising. These
unique ideas may provide a new paradigm of individual-
ized therapy for breast cancer particularly for HER family
relevant cancers. Additional information on the subject of
Dr. Nakajima's presentation appears in an article in this
issue.

Dr. Teruhiko Fujii from Kurume University focused on
the significance of Cap43 and YB-1 in hormone-dependent
and -independent growth of breast cancer. An antimeta-
static gene Cap43 expression was down-regulated by
estrogen but upregulated by tamoxifen in hormone-
dependent breast cancer cells. YB-1, a stress-inducible
transcription factor, is known to contribute to cell survival,
Interestingly, nuclear translocation of YB-1 was associated
significantly with an unfavorable prognosis of primary
breast cancer patients. He suggested that these molecules
could be nmew targets in breast cancer treatment. More
detailed information on the subject of Dr. Fujii’s presen-
tation appears in an article in this issue.

Dr. Minoru Fujimori from Shinshuu University dem-
onstrated the hypoxia-targeting drug-delivery system
APS001. APS00! contains the nonpathogenic anaerobic
bacterium Bifidobacterium longum transfected with cyto-
sine deaminase (CD), which converts SFC- 5FU. It is
possible to achieve a selective high concentration of 5FU in
a tumor microenvironment under hypoxic conditions when
5FC is administered simultaneously. He indicated that
these approaches are effective experimentally, and several
clinical trials are planned currently.

Recent development of genome-wide studies including
gene-expression profiling and copy-number analysis has
enabled the detection of tumor-specific genetic changes
such as up-regulation or down-regulation of gene expres-
sion or gene amplification or deletion with high efficiency.
Such tumor-specific genetic changes have the potential to
becomne targets for the development of therapy. Therefore,
persistent and relevant basic research to identify the key
molecular alterations, which promote breast cancer growth,
1s of vital importance.
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