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Biological agents – hope and caution 
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Having actively participated in the field of growth factor research since the early days of growth factor discovery 1,2 I can 
comment with great delight and amazement on the progress made since those early days. Not only our basic knowledge has 
expanded exponentially, but growth factors, their receptors and complicated signaling systems became legitimate targets of 
sometimes quite effective chemotherapy. This issue brings a variety of interesting papers dealing with various aspects of 
tumor therapy, ranging from traditional combination protocols for management of cholangiocarcinoma3 to novel 
hypofractionated stereotactic radiation therapy of pituitary adenomas 4 to several papers which critically appraise the state of 
the art of cancer treatment with several recently introduced biological agents. 5-8  

Since the introduction of imatinib mesylate or Gleevec® as the first tyrosine kinase inhibitor and the first specific biological 
agent for treatment of malignant tumors (e.g. chronic myelogenous leukemia and gastrointestinal stromal tumors) in 2001, , 9

10 many more biological drugs have been added to the oncology armamentarium, though not all of them have been as 
successful as Gleevec®.  The reason is that the picture is more complex than originally imagined.  In many case the agent is 
less specific than anticipated, and therefore less effective against a given malignancy, and associated with sometimes 
unexpected side effects, ranging from minor effects like fatigue to major events, including death.    

Bevacizumab (widely known under its trade name Avastin®) is a monoclonal anti-VEGF antibody that has been used in 
combination with classic chemotherapeutic drugs to treat patients with metastatic carcinoma of the colon or rectum, and 
patients with unresectable, locally advanced, recurrent or metastatic non-squamous non-small cell lung cancer since 2004. 9 
Very recently the Food and Drug Administration has withdrawn its approval to use bevacizumab in patients with metastatic 
breast cancer for lack of effectiveness. 11  As discussed by Ang and Kemeny 6 the results have been somewhat varied even in 
patients with colorectal cancer. Though active as a first and second line agent, in combination with other chemotherapeutic 
drugs, such as 5-fluorouracil and oxaliplatin, bevacizumab can lead to unwanted side effects in other protocols.  They report 
that some patients with KRAS wild-type metastatic colorectal cancer who have been treated with dual inhibition of 
epidermal growth factor receptor (EGF-R) (with cetuximab and panitumumab, antibodies against EGF-R) and VEGF (with 
bevacizumab) developed toxic effects and their survival was shorter. These unexpected toxic effects, such as pulmonary 
emboli and dermatological problems are likely due to crosstalk and overlap among the different signaling pathways activated 
by growth factors, their receptors and molecules such as hedgehog (see below). Because of the pathway activation the 
outcome is less specific and less potent (and sometimes even deleterious) in suppressing tumors than originally anticipated.  
In addition, bevacizumab should not be used as an adjuvant because its efficacy has not been shown in that setting. 
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The authors also hypothesize that anti-angiogenic agents such as bevacizumab have direct modulatory effects on tumor cells 
as well as on the immune system. This connection between immune function and chemotherapy in patients with colorectal 
cancer is highlighted by Riss and Oehler. 5  They comment that high density of infiltrating CD45R0+ cells in combination 
with CD8+ cells was associated with a good clinical prognosis, in contrast, early metastatic invasion correlated with 
decreased levels of CD8+ T cells.  They propose to tailor chemotherapy to modify immune function in favor of the patient. 
For example, chemotherapy-induced apoptosis of tumor cells can trigger antitumor immune response.  Such innovative 
approaches will require more research into modulation of immune responses and apoptosis by growth factors and cytokines, 
their signaling systems, and therapeutic antibodies developed against individual components of such systems.  

In the context of colorectal carcinomas, it is worthwhile to read the report on the role of hedgehog gene (Hh) in pathogenesis 
of gastrointestinal cancers, such as carcinomas of the oesophagus and stomach, by Yang, et al. 8  Hh signaling is activated in 
both types of carcinomas (just like in B-cell malignancies12), and has been found to be elevated in precancerous lesions as 
well.  Several inhibitors of Hh signaling have been examined in animal studies and in cell cultures for their ability to 
suppress proliferation of these carcinoma cells.  It appears that Hh pathway inhibitors, mostly SMO antagonists, showed 
synergistic effects with chemotherapeutic agents, radiation and inhibitors of pathways and molecular in cancer treatment. 
Again there is evidence of crosstalk between the Hh pathway and other signaling pathways at least in gastric cancer: 
activation of Hh signaling in gastric cancer by activated estrogen receptor-alpha pathway promotes gastric cancer cells 
proliferation. In contrast, Hh signaling inhibits the Wnt pathway. 8  Studies coming from other groups confirm similar results 
with Hh inhibitors in colorectal carcinomas. 13, 14 

Sorafenib is an inhibitor of VEGF and PDGF receptor, and the Ras-Raf kinase pathway.  It has been found effective in 
patients with renal cell carcinoma, lung cancer, and hepatocellular carcinoma. 15 Side effects associated with this type of 
therapy are the consequence of the biological activity of these agents and hypertension, thromboembolism and/or 
hemorrhage are some of the most dangerous effects of sorafenib. 9  Galmiche et al. are sharing with us their experience with 
sofarenib in the treatment, or rather only in modest extension of life of patients with hepatocellur carcinoma. 7   

What are the lessons to be learned from these high hopes, trials, errors and trepidations associated with the use of biological 
agents?  As Galmiche et al. suggest optimizing the control of the kinome of the cancer cell will identify kinases primarily 
involved in proliferation of cancer cells. 7   Sine qua none of this premise is better understanding of the basics, in this case of 
the crosstalk within the kinome, or the set of protein kinases. 7, 16   This means that development of future biological drugs 
has to concentrate on components further down the various signaling pathways, and it will have to be two-pronged or even 
manifold – a combination therapy consisting of several agents, each directed against a different step or mediator in the signal 
transduction medley.  
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