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the Treatment of Cancer
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Introduction
Over the past several years, the concept of targeted biological therapy for the treatment of cancer and other disease has
emerged. However, a better understanding of these targets and
their interactions with tumor cells and the surrounding stromal
cells is required before they can be effectively translated into
clinical practice. Two very interesting biological targets are
angiogenesis and the EGFR.2 A number of agents that target
angiogenesis (1) or EGFR (2) have now been described, and
many of these are currently in clinical trials in cancer patients.
However, no angiogenesis inhibitor or EGFR antagonist has
been approved for widespread clinical use. Furthermore, clinical
trials with these agents used as monotherapy have not yet
demonstrated the same degree of antitumor efficacy as has been
observed in preclinical studies. It had been hypothesized and
hoped that a single target would be adequate to control advanced
cancer. However, it is now clear that this is not realistic for
most, if not all, malignant diseases, and therapies that target
multiple steps that contribute to malignant progression will be
needed.
Although antiangiogenic and anti-EGFR agents show great
promise in preclinical cancer models, their use, particularly
when administered as monotherapy, has been associated with a
number of potential limitations and problems (3). In preclinical
studies, angiogenesis inhibitors stabilize tumor growth and can
induce tumor regression but are associated with a delayed onset
of activity (4) and tumor progression before response to therapy
(5). In clinical studies, antiangiogenic therapy with IFN-␣ required several months of continued therapy before a significant
clinical response was observed (6). Perhaps the most significant
limitation of antiangiogenic monotherapy is the inability of
these agents to completely eradicate disease even after prolonged administration with the potential for tumor recurrence
after cessation of therapy (5). Prolonged therapy with endostatin
did induce a self-sustained dormancy for a wide variety of
tumors that persisted off therapy yet residual microscopic disease was still present in all of the treated mice. Furthermore,
recent work shows that endothelial cells in different organs
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express different surface receptors (7) and have different patterns of gene expression (8) suggesting that endothelial cells in
different tissue beds may respond differentially to antiangiogenic therapy and that targeted therapy may have to be customized on an individual basis.
Many receptor tyrosine kinases are important for both
tumor cells and endothelial cells (9). For example, blockade of
EGFR directly targets both the tumor cell and tumor-associated
endothelial cells (9), and also down-regulates the expression of
proangiogenic factors by tumor cells (10). Thus, these agents
offer the potential for both indirect and direct effects on both the
tumor and endothelial cell compartments. However, although
strategies to target receptor tyrosine kinases offer great promise,
they are also associated with several potential limitations. The
expression of receptor tyrosine kinases varies markedly between
different tumor types, and not all of the tumor cells will express
each receptor. Therefore, it will be critical to first screen tumor
specimens for both the ligand and its receptor before initiating
therapy with a specific protein tyrosine kinase inhibitor. In
addition, most advanced malignant tumors produce multiple
growth factors, and so targeting only one may not be adequate
for complete tumor control (3). Although relatively little toxicity
has been observed to date for antiangiogenic or anti-EGFR
agents (11), their prolonged use could result in late effects. In
clinical trials, vascular endothelial growth factor/vascular permeability factor inhibitors have been associated with thrombotic
or hemorrhagic complications and hypertension (12). Furthermore, resistance to antivascular endothelial growth factor and
anti-EGF strategies have been observed in preclinical models
(13, 14), and even tumors that express the targeted growth factor
receptor could eventually become resistant to the individual
agents by expressing different growth factors and/or their receptors (15).
For patients with advanced metastatic and/or locally advanced disease, the limitations of biological monotherapy may
make the use of these agents impractical. However, by combining biological agents with each other and conventional agents, it
may be possible to reduce the dose required and frequency of
administration, and make their use more practical (16). One
strategy to overcome the limitations of targeting individual
growth factors is to design small molecules that can target
multiple factors. However, instead of developing drugs that
have multiple targets, it may be prudent to combine individual
drugs that target different growth factors so that therapy can be
optimized on an individual basis and to allow for a dynamic
target optimization. In this issue, Li et al. (17) demonstrate that
combined therapy with endostatin and EGFR-antisense is superior to monotherapy with either agent in a series of welldesigned and clinically relevant studies. In their studies of
squamous cell carcinoma in mice, they demonstrate that the
combination of endostatin with EGFR antisense induced a rapid,
durable, and near complete inhibition of tumor growth, whereas
monotherapy was associated with only modest inhibition of
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tumor growth. The combination of anti-EGFR agents with antiangiogenic therapy is particularly attractive given that EGFR
can have direct and indirect effects on angiogenesis and the
tumor vasculature (9). By combining antagonists of EGFR with
antiangiogenic agents, the limitations of either agent administered as monotherapy can be overcome as was observed by Li et
al. (17). These studies provide a strong basis for therapeutic
strategies against multiple biological targets. It may be especially beneficial to combine direct inhibitors of angiogenesis
with agents that target proangiogenic molecules and tumor cells
directly.
The translation of biological therapies into the clinic is now
inevitable. However, it will only be by combining multiple
biological agents with conventional strategies such as chemotherapy and radiation therapy that advanced cancer can be
eradicated and/or controlled. Before biological agents can be
successfully incorporated into clinical strategies to treat cancer
and other diseases, a greater understanding of their activities and
interactions with the tumor and its microenvironment is required. It will also be critical to closely monitor patients receiving biological therapies and to customize therapy on a patientspecific basis that may need to change based on the patterns of
tumor growth over time.
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