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Metastases account for over 90% of tumor related deaths. The 
classic anticancer inhibitors of cellular proliferation are also cytotoxic 
to host cells thus limiting effective doses and invariably leading to the 
development of drug resistance.

Recent literature demonstrate some tumors harbor mutations like 
the EGFR-activating mutations in lung cancer or the BRAF V600E 
mutation in melanoma that can be targeted with specific inhibitors 
with promising clinical outcomes [1,2]. Even in such cases therapy is 
not guaranteed for all patients as tumors cease to respond after several 
rounds of drug treatment either because the tumor acquires resistance 
due to new mutations that bypass the blocked pathway or because 
resistant low-frequency sub clones become dominant. The fact that 
no treatment eliminates all tumor cells even though the re-emerging 
tumors are still sensitive to the treating drugs suggests that a fraction 
of the tumor cells are able to evade treatment through mechanisms as 
yet unclear.

Factors contributing to therapy resistance include intra-tumor 
heterogeneity (genetic and phenotypic), tumor plasticity and spatial 
heterogeneity in the tumor microenvironment.

Genetic intra-tumor heterogeneity arises from accumulating tumor 
mutations as tumor progresses. Most of the mutations, as in normal 
evolution, would be expected to be neutral or deleterious to the tumor 
cell. Some mutations however confer survival advantages as in the 
examples above [1,2], while other mutations may confer resistance to 
particular treatments. The EGFR T790M mutation for example confers 
resistance to EGFR tyrosine kinase inhibitors [3]. Establishing tumor 
mutation profiles enables better targeting of treatments.

Phenotypic heterogeneity arises in response to environmental 
factors during tumor progression and includes epigenetic modifications 
such as methylation or acetylation of genes or their associated 
proteins [4]. While such modifications can be clonally heritable, 
other phenotypic variations are transient. Local hypoxia for example 
activates a whole new set of genes and miRNAs resulting in tumor 
phenotype changes [5]. Within a solid tumor different states of tumor 
cell differentiation are also encountered. The majority of cells exist in 
the differentiated epithelial state but a sub-population of cells exists in 
an undifferentiated state and is known as the cancer stem cells (CSCs) 
[6]. Studies have shown that CSCs can be generated from epithelial 
tumor cells through an epithelial to mesenchymal transition (EMT) 
that confers both chemo resistance and invasive characteristics [7,8]. 
The CSC/mesenchymal tumor sub-population is not fixed but rather 
a result of tumor cell plasticity. Tumor cells transit from one state to 
the other in response to environmental signalling (hypoxia, therapy/
cytotoxic stress) [6]. The tumor microenvironment consists of vascular 
cells, fibroblasts, infiltrating immune cells, the extracellular matrix 
(ECM) and the signaling molecules bound to it. There is a dynamic 
molecular cross talk between the tumor and its microenvironment that 
determines tumor progression [9]. We have demonstrated significant 
spatial differences in vessel density and maturity between the central 
regions and the tumor periphery [10]. Similarly fibroblasts, infiltrating 

immune cells and increased expression of many tumor supporting 
growth factors and cytokines are associated with the perivascular 
regions of major vessels and the tumor periphery or invasive front, 
where tumor cells with CSC/mesenchymal morphology are also found 
[10]. Taken together, phenotypic heterogeneity within a tumor is a 
product of spatial heterogeneity in the tumor microenvironment.

While at any time only a very small fraction of tumor cells exist 
in the CSC/mesenchymal state, drug treatment of tumors both in 
culture and in vivo stimulate the transition of many more cells into 
a CSC/mesenchymal state [11-13]. The role of environmental spatial 
heterogeneity in therapy resistance has not been explored at any length. 
It has been suggested that tumor vessel dysfunction contribute to tumor 
therapy resistance due to inadequate drug delivery [14]. Experimental 
and histological evidence in contrast indicate that tumor cells surviving 
therapy treatments are found close to patent vessels and display CSC/
mesenchymal morphology [12,15]. Tumor cells in these regions survive 
treatment because they may already exist in a more resistant state and/
or because they reside in a protective environment, near patent vessels 
and supportive stromal cells which secrete protective growth factors/
cytokines. Thus tumor cells with the BRAF V600E mutation became 
resistant to the specific inhibitor when stromal HGF was present [16].

The majority of current literature is focusing on the tumor cell 
and driver pathways that confer resistance to tumor cells during 
drug treatments in cell cultures. Such studies may yield important 
information on tumor mutation profiles but they do not accurately 
reflect the situation in vivo where extrinsic signals from the tumor 
microenvironment contribute to the therapy outcome [16]. Therapy 
treatments not only impact on the tumor cells but directly and 
significantly influence the local tumor microenvironment [17] as 
well as provoking systemic host effects [18]. Cytotoxic drugs and 
radiotherapy administered at the maximum tolerated dose (MTD) 
as in cancer therapies are also cytotoxic to endothelial cells lining the 
tumor vessels [19]. Damaged vasculature generates an injury signal 
inducing a systemic healing response with a major pro-angiogenic 
component that benefits the surviving tumor [20]. In contrast low dose 
prolonged or continuous treatments such as metronomic therapies 
elicit tumor anti-angiogenic responses without the influx of progenitor 
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endothelial cells. In addition metronomic therapies induce antitumor 
immune responses and possibly directly target tumor cells, including 
the cancer stem cell subpopulation [21,22] suggesting that they may 
represent better treatment options to MTD treatments.

Development of therapy resistance is a significant challenge in 
cancer treatments. Therapy resistance is most likely transient initially 
resulting from morphological changes in the tumor cells but eventually 
it becomes permanent. Tumor mutations, local stromal composition, 
and the local and systemic responses induced by the treatment, all 
contribute to therapy resistance. Targeting the environmental cues that 
regulate tumor plasticity and inhibiting the systemic host response in 
combination with tumor specific treatments may be the best approach 
for effective cancer treatments.
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