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Lung cancer is a major public health problem and the lead-
ing cause of cancer-related death worldwide. Its survival
rates have changed little over the past 20 years. The best
clinical benefit (ie, survival rates) with combination cyto-
toxic therapies in non—small-cell lung cancer (NSCLC) may
have been reached. The need for improved survival rates
in NSCLC has driven the development of novel, rationally
designed, targeted therapies. Inhibitors of angiogenesis have
been developed and are increasingly studied. Potential tar-
gets for therapy include inhibitors of vascular endothelial
growth factor receptor, endogenous angiogenesis inhibi-
tors, and cyclooxygenase inhibitors. Combining targeted
molecules with traditional cytotoxic therapies usually
results in lower required chemotherapy doses and fewer,
less severe side effects. A number of ongoing randomized
studies are underway to evaluate this idea. It is anticipated
that these new targeted therapies will play an important
role, along with cytotoxic and radiation therapies, in the
management of metastatic disease.

Introduction

Lung cancer is a major public health problem and the lead-
ing cause of cancer-related death worldwide. In 2001, an
estimated 169,500 new cases of lung cancer were diag-
nosed in the United States, with 157,400 deaths [1]. Non-
small-cell lung cancer (NSCLC) accounts for almost 75%
of newly diagnosed cases, with the predominant histologic
subtypes in the United States being adenocarcinoma and
squamous cell carcinoma [2].

A diagnosis of lung cancer represents a particularly poor
prognosis often owing to advanced disease at presentation
and the lack of efficacious treatment options. Only 13% of
the patients in whom lung cancer develops live 5 years or
more after the disease process begins. There has been little
change in the past 20 years in these dismal figures.
Although great progress has been made in development of
new anticancer drugs in the past decade, the overall benefit
for patients with NSCLC has been marginal in terms of

response rate, survival time, and quality of life [3]. Only if
the tumor is confined to the chest and is resectable does
surgery offer the best chance of long-term survival. Surgery
cures 50% to 70% of pathologic stage I disease and about
30% to 40% of pathologic stage II disease [4]. However,
only 24% of patients with NSCLC have localized operable
stage I or II disease. The majority of patients present ini-
tially with either locally advanced unresectable disease
(stage IIIA and IIIB, approximately 44%) or metastatic dis-
ease (stage IV, about 35%) at diagnosis [5].

It appears that the best clinical benefit (ie, survival
rates) with combination cytotoxic therapies in NSCLC may
have been reached [6]. The need for improved survival
rates in NSCLC has driven the development of novel,
rationally designed, targeted therapies. Inhibitors of angio-
genesis have been developed and are increasingly studied.

Angiogenesis is the process of formation of new blood
vessels from preexisting vessels, and it is integral for tumor
growth, development (>1 to 2 mm?), and metastases
[7#9,8,9]. This multistep process begins when endothelial
cells, which line the lumen of the blood vessels, degrade
the basement membrane, migrate through the membrane
to form a sprout, and then proliferate to extend the new
vessel. The process of tumor metastasis involves angiogen-
esis, adhesion to the endothelial cell basement membrane,
proteolytic destruction of the basement membrane, migra-
tion to secondary sites, and proliferation at the secondary
sites [ 10]. This five-step process resulting in neoangiogene-
sis is depicted in Figure 1. For angiogenesis to occur, each
of these different steps must occur; hence, there are multi-
ple levels of regulation of this process. Furthermore, nega-
tive regulatory factors exist along the way, and their
interaction must also be considered.

Tumor angiogenesis is associated with increased inci-
dence of metastases [11], worsening prognosis, and
reduced survival time in the setting of NSCLC [12]. The
increased frequency of metastases with adenocarcinoma
may be attributed to its higher microvessel density,
compared with other forms of NSCLC (ie, squamous cell
carcinoma) [13].

Tumor metastasis has been shown to be a highly selec-
tive process consisting of a series of sequential, interrelated
steps. Metastatic cells must complete these steps, including
angiogenesis, to produce clinically apparent lesions [14].
Vascularization must occur if tumor diameter is to exceed 1
mm?>. The synthesis and secretion of angiogenic factors by
tumor and host cells play key roles in establishing a capil-
lary network from the surrounding host tissues. Local
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invasion of the host stroma occurs next as a consequence
of the enhanced expression of collagenases. Tumor cells
enter easily into the circulation because thin-walled lym-
phatic channels and venules offer little resistance to their
penetration. Tumor cell aggregates detach and embolize
into circulation. The tumor cells not destroyed in the circu-
lation then arrest in the capillary beds of organs and
adhere to the vessel walls, where extravasation into the
parenchyma must occur. Proliferation within the organ
parenchyma completes the metastatic process, at which
point the lesion must again develop a vascular network (ie,
angiogenesis) while evading the host immune system.

The growth and metastasis of a neoplasm is also depen-
dent on the formation of adequate vascular support. In
lung cancer, the extent of angiogenesis appears to be
important when potential survival time is discussed in
multiple prospective and retrospective case series
[150¢,16-18].

Vascular Endothelial Growth

Factor-Targeted Agents

An important angiogenesis-regulating process in humans
is the interaction of vascular endothelial growth factor
(VEGF) with its receptor (VEGFR) [19]. VEGF is a

Figure 1. Angiogenesis is a complex process
requiring multiple independent steps, as
shown. To complete the process, all of the
steps must occur.
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homodimeric protein with at least four isoforms, VEGF-A
through VEGF-D.

VEGF is a member of the receptor tyrosine kinase
(RTK) family of growth-signal transducing proteins [19].
RTKs are transmembrane proteins and are involved in a
number of growth-promoting physiologic processes [20].
They transduce extracellular growth signals (in the form of
specific receptor ligands) into intracellular growth
responses by initiating various enzymatic cascades through
the phosphorylation of tyrosine residues on specific cyto-
solic proteins. Activated VEGFR phosphorylates several sig-
naling cascade proteins, including phospholipase C,
phosphoinositol-3 kinase, and Ras guanosine triphosphate
(GIP)-ase activating protein [21].

VEGER is specifically expressed on the surface of endo-
thelial cells and appears to be regulated largely by hypoxia,
as is VEGF [19]. Three isoforms of membrane-bound
VEGER have been identified, and their roles in angiogene-
sis appear to be distinct [22]. VEGFR-1 (also known as Flt-1
[fms-like tyrosine kinase-1]) has the highest binding affin-
ity for VEGF-A but is capable of generating relatively little
kinase activity. VEGFR-2 (also known as KDR [kinase
domain region| and Flk-1 [fetal liver kinase-1]) is the iso-
type most associated with endothelial cell proliferation
and chemotaxis. The VEGF receptor Flk-1/KDR has been
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demonstrated in mammary, ovarian, and lung tumor tissue
and in glioma tissue, indicating roles for VEGF in these
forms of cancer and in the identification of this receptor as
a potential target [23]. VEGFR-3 (also known as Flt-4)
appears primarily to regulate lymphangiogenesis [24].

Monoclonal Antibodies Against

the VEGF Protein or Receptor

One approach to the modulation of VEGF-mediated angio-
genesis is to utilize antibodies against the VEGF protein
itself or the receptor. Antibodies to VEGF inhibited the
growth of subcutaneous human xenografts in the nude
mouse [9]. Furthermore, antibodies to VEGF reduced
human tumor growth and hepatic metastases in a dose- and
time-dependent manner and reduced the number of VEGF
receptors in mice [25]. A recombinant humanized version
of the murine monoclonal antibody (mu MAb) to VEGF
(thuMAD VEGF, Genentech, South San Francisco, CA) has
been developed that inhibits endothelial cell proliferation
in vitro and in vivo and reduces tumor growth in vivo [26].
Early clinical studies of thuMAb VEGF produced undetect-
able serum concentrations of VEGF [27] at doses of 3 mg/
kg/wk or more [28]. A phase IB trial combining rhuMAb
VEGF with cytotoxic agents revealed no pharmacologic
interaction between the antibody and either doxorubicin,
carboplatin, and paclitaxel, or 5-fluorouracil (5-FU) and
leucovorin (LV). Notable toxic effects possibly related to the
drugs were diarrhea (with 5-FU), thrombocytopenia (with
carboplatin and paclitaxel), and leukopenia [29].

A report of a phase I, three-arm, multicenter trial was
presented at the American Society of Clinical Oncology
annual meeting in May 2000. In the study were 99 patients
with stage I11B or IV NSCLC who were randomly assigned
to standard therapy with carboplatin and paclitaxel or to
one of two experimental arms, either carboplatin and
paclitaxel with the anti-VEGF antibody, rhuMAb VEGE at
7.5 mg/kg, or carboplatin and paclitaxel with thuMAb
VEGEF at 15 mg/kg [30]. Because the endpoints of the study
were safety, response, and time to tumor progression, the
control group was allowed to cross over to the antibody
alone upon disease progression. The response rates
increased with the antibody by about 20%, and the time to
tumor progression was prolonged by about 4 months (4.5
to 7.5 months) in the high-dose antibody group. Of con-
cern was the fact that severe hemoptysis developed in six
patients, and four episodes were fatal. In an evaluation of
potential risk factors, squamous cell histology and rhuMAb
treatment were the only factors associated with hemopty-
sis. In 2001, analysis of a subset of patients with non-squa-
mous cell histology was performed to ascertain the impact
of rhuMab-VEGF on overall response, time to progression,
and median length of survival [31]; rthu-Mab-VEGF was
given to 53 of 78 patients, and two of them experienced
life-threatening hemorrhages. Overall response, time to
progression, and length of survival favored this group of

patients. This drug has now entered phase III studies in
NSCLC in patients with non-squamous cell histology.

Recent results suggest that the addition of rhuMAD to
carboplatin and paclitaxel may prolong survival in patients
with nonsquamous NSCLC without an excess of toxic
effects or deaths [31]. Objective response rates (32% vs
12%) and time to progression (30 vs 17 weeks) were
higher in patients in the rhuMAb arm compared with the
control group in a randomized phase II trial. The Eastern
Cooperative Oncology Group (ECOG) is currently evaluat-
ing the effect of adding a 15-mg/kg dose of rhuMab to car-
boplatin and paclitaxel therapy in patients with advanced
nonsquamous NSCLC (ECOG E-4599).

Clinical trials of another recombinant humanized
monoclonal antibody, HuMV833 (PDL), are underway.
Preliminary results of a phase I dose-finding study of anti-
VEGEF antibody HuMV833 have been presented [32]. Early
safety data suggest that HuMV833 is well tolerated and
without attributable grade 3 toxic effects. Furthermore, no
hemorrhagic events were observed. Additional studies of
this agent in various types of tumors are anticipated.

Monoclonal antibodies also have been developed
against the extracellular domain of the VEGFR. For exam-
ple, DC101 (ImClone Systems, New York, NY) is a rat anti-
mouse Flk-1 that competitively blocks VEGF binding that
inhibits growth of human ovarian, epidermoid, pancreatic,
renal, and glioblastoma tumor xenografts. This process is
associated with decreased tumor microvessel density,
increased tumor cell apoptosis with decreased prolifera-
tion, and extensive tumor necrosis [33-36]. The chimeric
antihuman VEGEFR antibody IMC-1C11 is currently being
evaluated in a phase I study.

VEGER Tyrosine Kinase Inhibitors

Interruption of VEGF activity can also occur through inhibi-
tion of the VEGFR tyrosine kinase by small molecules. One
example of such a VEGEFR tyrosine kinase inhibitor (TKI) is
the quinolone derivative SU5416 (Sugen/Pharmacia, South
San Francisco, CA). In vitro, SU5416 has shown activity
against VEGF-stimulated proliferation of human endothe-
lial cells. In vivo, the agent inhibited the growth and
metastasis of lung, colon, breast, and prostate cancers and
melanoma, glioma, and sarcoma xenografts [37-42]. These
agents are in early development; no clinical studies have
formally evaluated their use in the treatment of NSCLC.

In a phase I dose-ranging trial, SU5416 (4.4 to 190 mg/
m?) was administered intravenously twice weekly to 63
patients with various malignancies. Dose-limiting toxicity
(DLT) occurred at the 190-mg/m? dose level and consisted
of headache, nausea, and projectile vomiting that was
reversible within 48 hours [43,44].

A phase IB/IIA trial of SU5416 enrolled 20 male
patients with advanced AIDS-associated Kaposi's sarcoma
whose disease was stable with antiretroviral therapy. Nine
patients showed improvement in disease-related
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symptoms (reduced edema or pain, improved mobility, or
improved swallowing), and five had objective partial or
complete responses of their lesions [45].

SU5416 has also been studied in combination with
cytotoxic agents. Twenty-eight patients with untreated met-
astatic colorectal cancer received SU5416 intravenously at
either 85 mg/m? or 145 mg/m? twice weekly with 5-FU
and LV on either the Roswell Park or the Mayo Clinic regi-
men. The toxic effects experienced were those common to
5-FU and LV therapy. Six patients had objective tumor
responses, whereas nine patients experienced stable
disease [46].

A randomized phase III trial is ongoing in which
SU5416, in combination with the Saltz regimen, is being
investigated in patients with advanced colorectal cancer.
Interestingly, the combination of SU5416, at a dose of 145
mg/m? biweekly, with cisplatin and gemcitabine was not
well tolerated, resulting in an unacceptable rate of throm-
boembolic events [47].

ZD6474 (AstraZeneca, Wilmington, DE) is an oral
VEGFR-2 TKI shown to inhibit the growth of prostate can-
cer xenografts and to induce regressions in preclinical set-
tings. Furthermore, tumor growth was shown to resume
with cessation of ZD6474; conversely, tumor regression
could be reinduced upon reintroduction of ZD6474 [48].
To date, in an ongoing phase I dose-escalation study, 41
patients with various solid tumors have been treated with
ZD6474 [49]. Reported drug-related toxicity has been min-
imal, with only two National Cancer Institute (NCI) grade
1 (facial flushing, facial rash) and one NCI grade 2
(fatigue) events thus far. No grade 3 or 4 toxicities have
been reported. Stable disease has been reported in two
patients (gastrointestinal stromal tumor and melanoma)
after 56 days of treatment.

SU6668 (Sugen/Pharmacia) is an oral TKI with multi-
ple receptor targets, including not only the VEGF RTK but
also the basic fibroblast growth factor (bFGF) and platelet-
derived growth factor (PDGF) RTKs. In preclinical testing,
SU6668 inhibited the growth of various human tumor
xenografts in athymic mice. Notably, A431 epidermoid
tumor xenografts were eradicated in more than 50% (20 of
39) of the treated mice, and this response was maintained
for at least 133 days following cessation of treatment [50)].

Clinical evaluation is still in early phases; however, a
phase I trial in 68 patients with various advanced tumors
demonstrated that SU6668 is well tolerated at a wide range
of dose levels (100 to 2400 mg/m?/d), and only mild to
moderate side effects occurred, including nausea, diarrhea,
fatigue, and dyspnea [51,52]. Stable disease for more than
4 weeks was observed in 31 of 51 patients, and one patient
with a desmoid tumor experienced stable disease for more
than 5 months. Data show a minor decline in tumor mark-
ers and softening of palpable tumors in several patients.
Ongoing studies are being conducted to identify patients
who are most likely to respond to SU6668 therapy and to
find markers of response.

Endogenous Angiogenesis Inhibitors
Angiogenesis is stimulated by various angiogenic growth
factors, including VEGF and bFGE Tumors also stimulate
endogenous angiogenesis inhibitors, including angiostatin,
endostatin, and thrombospondin [53,54¢]. The angio-
genic process is determined by the net balance of angio-
genic inducer activity over angiogenic inhibitor activity.

Although multiple clinical trials are evaluating these
compounds in the United States, only a few are in phase I1I
development. Both angiostatin and endostatin have been
evaluated in preclinical models of lung carcinoma, but
clinical studies in NSCLC have not been initiated. TNP-
470, a synthetic compound based on fumagillin, a natu-
rally occurring antifungal agent with potent antiangiogenic
activity, has demonstrated clinical activity in various solid
tumors including NSCLC [55,56]. Other compounds with
potential antiangiogenic activity include thalidomide and
cyclooxygenase (COX) inhibitors.

Endostatin and Angiostatin

The discovery of both angiostatin and endostatin was based
on the observation that the surgical removal of a primary
tumor was sometimes associated with the subsequent accel-
erated growth of metastatic disease [57,58]. Thus, a screen-
ing study was conducted to identify endogenous
angiogenesis factors that were operative in vivo in suppress-
ing and preventing the angiogenic phenotype. Angiostatin
and endostatin are proteolytic cleavage fragments of plas-
minogen and collagen XVIII, respectively [54ee,59].

Endostatin
Endostatin, a 20-kD C-terminal fragment of collagen XVIII
produced by hemangioendotheliomas, completely sup-
presses tumor angiogenesis by blocking the development of
blood vessel supply to tumors [54ee]. Treatment with
endostatin was effective against three types of neoplastic
tumors in mice [60] and demonstrated regression of pri-
mary tumors to microscopic dimensions in animals. There
was no evidence of toxicity in these animal studies. It is pos-
sible that the effectiveness of endostatin is dependent on
the tissue of origin. Phase I studies with endostatin are in
progress [61-64]. Studies using endostatin in combination
with other treatment modalities have not yet been reported.
Endostatin has also demonstrated antitumor effects in
vivo, resulting in complete regressions in Lewis lung carci-
noma, fibrosarcoma (T241), melanoma (B16), and
hemangioendothelioma (EOMA) [54ee]. Additionally,
endostatin was evaluated in a tumor resistance model
whereby tumors (Lewis lung carcinoma, melanoma, and
fibrosarcoma) were allowed to regrow after initial regres-
sion from endostatin therapy [60,65¢]. Retreatment of
these tumors with endostatin resulted not only in repeated
tumor regression after up to six cycles of treatment but also
in sustained tumor dormancy and cure in some animals.
In a trial at the University of Texas M.D. Anderson Can-
cer Center, the primary endpoint was determination of the
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optimal biologic dose (OBD). To establish the OBD, multi-
ple surrogate biologic endpoints were incorporated, includ-
ing serial tumor biopsies, serum sampling for ex vivo
bioassays of endothelial cell proliferation, and biologic
imaging to quantitate blood flow using ultrasound,
dynamic computed tomography, and magnetic resonance
imaging. The dose levels explored for endostatin ranged
from 15 to 240 mg/m?/d, by intravenous infusion. The drug
was well tolerated, with no DLTs, and exhibited a linear
pharmacokinetic profile. Preliminary antitumor effects have
been observed in the form of tumor regression and pro-
longed disease stabilization in a small subset of patients.

Angiostatin
Angiostatin is a cleavage product of plasminogen contain-
ing at least three of the kringles of plasminogen. O'Reilly et
al. [59] demonstrated that angiostatin, derived from Lewis
lung carcinoma in which the primary tumor inhibited
metastases, also inhibited angiogenesis. Furthermore, sys-
temic therapy with angiostatin limited metastases by
inducing a dormant state (defined by a balance of apopto-
sis and cell proliferation) of the tumor. In a series of 143
patients with NSCLC, 34 (24%) tumors expressed
angiostatin. Patients with these tumors lived longer than
did patients whose tumors did not express angiostatin
(146 vs 77 weeks, P=0.02) [66].

A number of preclinical studies have been conducted
to evaluate the role of angiostatin in tumor growth [67,68].
Angiostatin can inhibit growth of three different types of
murine primary tumors, even if therapy is initiated when
tumors become 2% of body weight [67]. Additionally, no
resistance or toxicity has been observed with angiostatin in
doses up to 100 mg/kg. Recently, Mauceri et al. [68] dem-
onstrated that angiostatin in combination with radiother-
apy reduced growth in four tumor types without increasing
toxic effects in mice with Lewis lung carcinoma. Tumor
volume was reduced to a greater extent using combination
therapy than it was with either angiostatin or radiotherapy
alone. Preliminary data from the first human trial assessing
the safety, pharmacokinetics, and pharmacodynamics of
angiostatin have been reported [69]. Use of recombinant
human angiostatin appears to be safe, with no treatment-
related bleeding or thrombotic events. Moreover, this agent
exhibits linear pharmacokinetics and decreases angiogenic
growth factor levels (ie, bFGF and VEGF).

TNP-470
TNP-470 is a synthetic form of fumagillin, a naturally
occurring antiangiogenic compound. This antifungal agent
originally was believed to have potent antiangiogenic activ-
ity by inhibiting neovascularization [70]. TNP-470 is a
potent inhibitor of endothelial cell migration, endothelial
cell proliferation, and capillary tube formation [70,71].
Preclinical trials of TNP-470 showed reduced develop-
ment and metastasis rates of human tumor xenografts in
rats. The activity of TNP-470 on tumors and metastases

appears to be related to dose, because antitumor effects on
HT-1080 cells at the primary site and reduced lymph node
metastases in nude athymic mice were observed. Further-
more, TNP-470 inhibited in vitro growth of three human
tumor cell lines and four murine tumor cell lines in a dose-
dependent manner and also reduced in vivo tumor growth
and metastatic spread [72-74].

In preclinical combination studies, TNP-470 with
paclitaxel and carboplatin reduced tumor growth and
metastasis of NSCLC and breast cancer in mice [75]. In ani-
mals with Lewis lung carcinoma, TNP-470 in combination
with antibiotics increased the responsiveness of primary
tumors and lung metastases to cytotoxic agents. The most
effective combination was TNP-470 with minocycline and
cyclophosphamide [71,76,77].

In a phase I clinical trial, three of 18 patients with inop-
erable cervical cancer had disease responses [78]. One
patient had complete recovery, and in two patients progres-
sive disease became stable. The antiangiogenic effects of
TNP-470 appear to work synergistically with existing cyto-
toxic agents. In another phase I study, in which TNP-470
with paclitaxel was compared with paclitaxel alone in 32
patients with solid tumors (including NSCLC), the combi-
nation appeared to be safe, with myelosuppression and
peripheral neuropathy similar in both treatment groups
[56]. Notably, 15 of the patients had NSCLC. Of these
patients, five (33%) had partial disease responses, includ-
ing two who had received prior chemotherapy. None of the
five patients who had received prior taxane therapy had
disease responses. The median survival time for patients
was greater than 14 months. The combination of TNP-470
and paclitaxel appeared to be tolerated well and demon-
strated encouraging activity. The safety of this combination
has been confirmed in another phase I study in patients
with advanced tumors [55]. However, another phase 1
study demonstrated that the combination of TNP-470,
paclitaxel, and carboplatin in solid tumors may warrant
adjustment of the carboplatin dosage to decrease toxicity
[79]. Further evaluation and studies of this combination
are needed.

Thalidomide

Thalidomide was first introduced in the 1950s in Germany
as an over-the-counter sedative-hypnotic and antiemetic
agent for pregnancy. However, thalidomide was taken off
the market in the late 1960s because of its association with
teratogenicity and phocomelia [80]. Thalidomide was
recently (1998) approved by the US Food and Drug
Administration for the treatment of erythema nodosum
leprosum [81]. The antiangiogenic effects of thalidomide
were first documented by D’Amato et al. [82], who demon-
strated its inhibitory effects on bFGF-induced corneal
neovascularization in a rabbit model. Singhal et al. [83]
reported that thalidomide had significant antitumor activ-
ity in patients with refractory multiple myeloma. Thalido-
mide is currently being evaluated in the treatment of
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Figure 2. A new paradigm for the use of biologic therapy with chemotherapy for metastatic disease is depicted. Tumor biology has become part
of pathologic staging of disease. Accordingly, in addition to receiving conventional chemotherapy, patients will soon routinely be treated with
specific small molecules targeted against distinct proteins manifested by the tumor and its blood vessels. Targeting in this way will also prevent

new metastases and help to eradicate existing ones.

numerous hematologic and solid malignancies. In the
United States, more than 20 current clinical trials include
thalidomide in their regimens, alone or in combination
with other antineoplastic drugs; some of these trials are in
the setting of NSCLC. Thalidomide is highly appealing
because it is one of the few putative antiangiogenic agents
that is an oral drug, although initial results in single-agent
studies have been somewhat disappointing [55,84].

COX-2

Cyclooxygenase, a key enzyme required for prostaglandin
synthesis, is transcribed from two distinct genes [85]. COX-
1 and COX-2 are enzymes involved in the conversion of
arachidonic acid to prostaglandins. COX-1 is expressed
constitutively in most tissues, whereas COX-2 is induced
by a variety of stimuli. Physiologic functions of COX-1
include platelet thromboxane production, cytoprotection
of the stomach, and renal vasodilation. COX-2 has a role
in inflammation that has been linked to carcinogenesis,
based on its markedly increased expression in 85% to 90%
of human colorectal adenocarcinoma. Epidemiologic stud-
ies have reported a significant reduction in the risk of
colon, breast, and lung cancer in individuals treated with
aspirin and COX-2 [86]. Clinical correlates between COX-2
upregulation and poor prognosis have been reported in
several cancers, such as carcinoma of the head and neck
[87] and lung cancer [88].

A recent study demonstrated overexpression of COX-2
in normal bronchial epithelial cells, type I and II
pneumocytes, smooth muscle cells, vascular endothelial
cells, and inflammatory mononuclear cells [89]. Substan-
tially higher expression of COX-2 was seen in adenocarci-
nomas, but only a few small-cell lung cancers and
squamous cell carcinomas expressed COX-2. COX-2
expression was upregulated in some premalignant lesions
as well. In addition, COX-2 protein expression was
detected in precursors of lung carcinomas.

Tsujii et al. [90] suggested that COX-2 modulates the
production of angiogenic factors by colon cancer cells, thus
affecting tumorigenicity. Together, these results suggest that
COX-2 may contribute to the development of cancer. Thus,
selective blockade of COX-2 may have an important role in
cancer prevention and, by extrapolation, cancer treat-
ment—most likely because its effect on prostaglandins
may prevent angiogenesis and stimulate immune surveil-
lance and apoptosis [91,92]. Further research on COX-2
inhibitors as therapeutic and preventive agents continues
in clinical trials.

Conclusions

Lung cancer causes more deaths than any other type of can-
cer. This review has shown that angiogenesis is critical to
the development of solid tumors; lung cancer is a typical
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solid tumor. Hence, the development of approaches to
block angiogenesis is of primary importance. A paradigm
shift is occurring with the advent of biologic therapies that
work against specific biologic pathways involved in malig-
nancies. Biologic agents are developed against specific
genes, receptors, and molecules involved in tumor devel-
opment and are thus expected to have a higher therapeutic
index (ie, ability to differentiate between normal and
malignant cells). Numerous investigators have shown that
lung cancer is regulated by angiogenesis and that tumors
that have increased microvessel density tend to imply a
poorer prognosis [12,93,94]. The identification of angio-
genesis as a relevant target of anticancer drugs has resulted
in a plethora of new agents, and overall, these compounds
are generally less toxic than standard chemotherapy.

The use of both antiproliferative and cytostatic thera-
pies (Fig. 2) may have major implications in transforming
a terminal disease into a chronic illness. Combining of tar-
geted molecules with traditional cytotoxic therapies usu-
ally results in lower required chemotherapy doses and
fewer and less severe side effects. A number of ongoing ran-
domized studies are being conducted to evaluate this idea.
It is anticipated that these new targeted therapies will play
an important role, along with cytotoxic and radiation ther-
apies, in the management of metastatic disease.
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