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Abstract
This tumor stroma, comprised of various cells, and extracellular matrix (ECM), has been shown to aid in 

suppressing host immune responses against tumor cells. Through immunosuppressive cytokine secretion, metabolic 
alterations, and other mechanisms, the tumor stroma provides a complex network of safeguards for tumor proliferation. 
With recent advances in more effective, localized treatment, radiation therapy (XRT) has allowed for strategies that 
can effectively alter and ablate tumor stromal tissue. Hypoxia-inducible factor 1 (HIF-1) is a transcription factor that is 
activated by hypoxia and induces the expression of various genes related to the adaptation of cellular metabolism to 
hypoxia, invasion and metastasis of cancer cells and angiogenesis, and so forth. HIF-1 is a potent target to enhance 
the therapeutic effects of radiation therapy. Another approach is antiangiogenic therapy. The combination with radiation 
therapy is promising, but several factors including surrogate markers, timing and duration, and so forth have to be 
optimized before introducing it into clinics.

Introduction
The stromal microenvironment of a tumor presents an underlying 

challenge to the efficacy of cancer immunotherapy. In their seminal 
review, Hanahan and Weinberg named evading immune destruction 
as an emerging hallmark of cancer among other related activities, such 
as metabolic reprogramming and induction of angiogenesis within the 
TME. For cytotoxic T cells and other immune cells to kill cancer cells, 
physical cell-to-cell contact is necessary. However, stromal cells actively 
orchestrate resistance to antitumor immunity by restricting T cells from 
making physical contact with cancer cells [1]. The stroma surrounding 
tumor islets of solid malignancies consists of a myriad of molecular 
and cellular components: immune cells, including myeloid-derived 
suppressor cells, tumor-associated macrophages, and regulatory T cells; 
fibroblasts; epithelial cells; extracellular matrix proteins; blood and 
lymphatic vessels; and various metabolites, chemokines, and cytokines 
[2].

Radiation therapy shows antitumor effects is important in 
understanding the relationship between the microenvironment 
and radiation therapy [3]. Cytotoxicity due to radiation is primarily 
attributed to damage to genomic DNA which contains all the genetic 
instructions for the development and functions of all living organisms. 
Radiation can affect atoms and/or molecules in the cells and produce 
free radicals. Because free radicals are highly reactive, they damage 
genomic DNA, resulting in cell death. This is a so-called indirect action 
of radiation [4].

Tumor microenvironments that affect the therapeutic effect 
of radiation therapy

The microenvironment of malignant solid tumors is totally different 
from that of normal tissues, being characterized by marked diversities 
in pH, the distribution of nutrients, and oxygen concentrations, and 
so forth [5]. To understand this heterogeneity is important in cancer 
radiation therapy because it influences the effect of ionizing radiation 
through various mechanisms as described in the following. Since the 
tumor microenvironment is a unique feature, it can be a potent target 
for cancer therapy.

Mechanism behind radio resistance of cancer cells under 
hypoxia

Extensive research in the field of radiation biology and radiation 
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oncology has revealed that cancer cells become approximately 2-3 times 
more radio resistant under hypoxic conditions than under normoxic 
conditions. This phenomenon is known as the oxygen effect. The 
mechanism behind the oxygen effect has not yet been fully elucidated 
[6]. However, it is widely believed that oxygen acts at the level of 
the generation of free radicals. Ionizing radiation literally induces 
ionization of target genomic DNA or intracellular molecules such as 
water, and produces highly reactive radicals. Under oxygen-available 
conditions, molecular oxygen oxidizes the DNA radicals, leading to 
the formation of irreparable DNA damage [7]. Tumor vasculature may 
play a strong role in the stromal mechanisms of immune exclusion. The 
migration of T cells through the endothelium, which is often dysregu 
lated as a result of vasculature remodeling, is another challenge to 
antitumor immunity For T cells to migrate to the tumor bed, they must 
adhere to the endothelium. However, expression of various endothelial 
adhesion molecules, such as intercellular adhesion molecule (ICAM)-
1 and vascular cell adhesion protein (VCAM)-1, is down regulated 
in endothelial cells surrounding solid tumors. Recently, Motz and 
colleagues have described a mechanism by which the tumor endothelial 
barrier regulates T cell migration into tumors [8]. In human and 
mouse tumor vasculature, the expression of Fas ligand, which induces 
apoptosis, was detected, but it was not detected in normal vasculature. 
Additionally, the expression of FasL on endothelium was associated 
with decreased CD8+ infiltration and accumulation of Tregs, which 
were resistant to FasL due to higher c-FLIP expression. 

Combination of radiation therapy and antiangiogenic therapy

The synergistic effects of the combination of radiation therapy and 
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antiangiogenic agents have been reported in several preclinical studies 
that an anti-VEGF antibody alone did not suppress the growth of U87 
glioblastomas, but when it was combined with radiation [9]; it showed 
a significant improvement in terms of antitumor effects. Kozin.an anti-
VEGFR2 antibody enhanced the effects of radiation therapy in 54A 
non-small cell lung cancer and U87. Several tyrosine kinase inhibitors 
were developed to block the VEGF receptor and other receptors that are 
proangiogenic. Although many preclinical studies showed enhanced 
antitumor effects in the combination of antiangiogenic agents and 
radiation therapy, this study indicated the possibility that a schedule of 
both radiation therapy and antiangiogenic therapy could influence the 
therapeutic outcome [10].

Conclusion
Radiation's ability to eradicate areas of gross disease provides a 

strong rationale for its use with systemic agents, which would eradicate 
remaining circulating microscopic disease. Systemic agents are much 
more effective against the microscopic disease for many reasons, as 
they no longer face the hypoxic and metabolic changes associated with 
gross tumor deposits, providing much greater access to target tissues 
and improving T-cell functionality. Since radiation therapy itself has a 
great impact on host cells like vascular endothelial cells, it has become 
clear that changes in the tumor microenvironment during therapy and 
the optimal timing of the combination is a key to achieving maximal 
therapeutic effects in the combination therapy of radiation and 
microenvironment targeting. However, we still have further challenges 
to incorporate targeting therapy for the microenvironment to improve 
the effects of radiation therapy in clinics, and this will lead to greater 
knowledge about how radiation therapy works in cancer therapy and 
thus further improvements in radiation therapy.
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