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VASCULATURE AS A THERAPEUTIC TARGET

Importance of the tumor vascular supply. 

A functional vascular supply is essential for the growth 
and development of most solid tumors [1]. Without 
such a supply tumors can not receive necessary oxy-
gen and nutrients nor remove waste products, and 
thus become limited to a size of around 1–2 mm3 [1]. 
With an adequate blood supply unrestricted growth of 
the primary tumor and metastatic spread can occur. 
The tumor vasculature that develops arises from the 
pre-existing normal host vasculature by the process of 
angiogenesis [2]. In adults, angiogenesis is normally 
only associated with certain physiological processes 
including the female reproductive cycle, pregnancy, 
muscular hypertrophy and wound healing [3]. How-
ever, it is seen with a number of pathological condi-
tions, including rheumatoid arthritis, diabetes, macular 
degeneration, psoriasis, cardiovascular disease and 
of course cancer [3]. The actual triggers that initiate 
tumor angiogenesis are not fully established. Hypoxia 
is clearly one factor that plays a significant role [4], but 
other «non-hypoxia factors» have also been implicated 

including loss of tumor suppressor gene function and 
oncogene activation [4, 5]. Once triggered, the angio-
genic process starts with the release of angiogenic 
factors, primarily vascular endothelial growth factor 
(VEGF), by the tumor cells [6]. These factors then set 
in motion a cascade of events that include enzymatic 
destruction of the basal membrane by the endothelial 
cells, migration of endothelial cells into the extracellu-
lar matrix to form sprouts, and endothelial cell division 
away from the sprout tip [7]. Solid strands of endothe-
lial cells are then formed in the extracellular matrix, 
lumen develops within those strands, neighbouring 
sprouts fuse to form loops, and from the primary loops 
new buds and sprouts emerge [7]. Functional vessels 
are finally established (Fig. 1).

Vascular targeting therapies. The importance 
of the tumor neo-vasculature makes it a potential 
target for therapy and two major approaches have 
emerged [8]. One is based on controlling the blood 
vessel development by inhibiting the angiogenesis 
process (angiogenesis inhibitors; AIs), and the other 
involves compromising the function of the already exist-
ing blood vessels (vascular disrupting agents; VDAs). 
Although AIs and VDAs both target the tumor vascular 
supply they are two distinct approaches [8, 9]. AIs are 
designed to prevent further development of the tumor 
neovascular network. As such they are likely to be given 
as a chronic administration and are probably best suited 
for early stage or metastatic disease. VDAs are agents 
that cause direct damage to the already established 
tumor endothelium. Thus, their administration is most 
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likely to be of a more acute type to induce substantial 
vascular shutdown. There is also good evidence that 
VDAs have a superior effect on bulky disease.

Numerous AIs capable of inhibiting new blood-vessel 
formation have been identified, and these are listed in 
Table 1. Some of these agents are designed to work 
against specific non-angiogenic targets and as a result of 
down-stream effects can indirectly inhibit angiogenesis 
(e.g., EGFR and COX-2 inhibitors, and chemothera-
peutic drugs). Other agents seem to be more direct but 
non-specific in their mode of action (e.g., thalidomide, 
suramin, and fumagillin). But, most of the listed agents 
are designed to specifically affect at least one of the 
several important stages of angiogenesis. The primary 
targets are the angiogenic factors because they play the 
most significant role in neo-vascularisation [6]. Of these 
angiogenic factors, the most potent and specific is VEGF, 
which is not only crucial for endothelial cell proliferation 
and blood vessel formation, but also induces significant 
vascular permeability and plays a key role in endothelial 
cell survival signalling in newly formed vessels [4, 6]. 
VEGF has been targeted by a variety of strategies [9–11], 
including monoclonal antibodies (e.g., bevacizumab/
avastin and DC101), or inhibitors of endothelial cell 
receptor-associated tyrosine kinase activity (e.g., 
SU5474, SU6668, ZD6474 and PTK787/ZK 222584). 
Other approaches, including those targeting basement 
membrane degradation, endothelial cell migration, 
endothelial cell proliferation, and tube formation, have 
also been actively considered [10, 11]. Many of these 
antiangiogenic therapies are currently under clinical 
evaluation [10, 12].

Table 1: List of agents shown to inhibit tumor angiogenesis or disrupt tu-
mor vasculature

Angiogenesis inhibitors Vascular disrupting agents
Tissue inhibitors of metalloproteinase (TIMP) Hyperthermia
Thalidomide, Lenalidomide, Pomalidomide Photodynamic therapy
Suramin and analogues LAK cell therapy
Fumagillin and TNP470 analogue Tumor necrosis factor
Cytokines Interleukins
CAI Interferon-gamma
Endostatin Vinka alkaloids
Angiostatin Colchicine
Thrombospondin Arsenic trioxides
Arginine Deiminase Dolastatins
Anginex TZT-1027
Anti-VEGF antibodies (Bevacizumab/Avastin) Flavone acetic acid
Anti-VEGFR antibodies (DC101) DMXAA (ASA404/Vadimezan)
Bay 43-9006 (Sorafenib/Nexavar) CA4P (Fosbretabulin/Zybrestat)
SU5416 (Semaxanib) AVE8062
SU6668 ZD6126 (ANG453)
SU11248 (Sunitinib/Sutent) OXi-4503
PTK787/ZX 222584 (Vanatanib) MN-029
ZD6474 (Vandetanib/Zactima) NPI-2358
GW786034 (Pazopanib/Votrient) BNC105
AZD 2171 (Cediranib/Recentin) 2-methoxyestadiol
AG-013736 (Axitinib) ENMD-1198
Robo4 EPC2407 (MX116407)
EGFR inhibitors ABT-751
COX-2 inhibitors Ligand-based approaches (anti-

bodies, peptides, growth factors)mTOR inhibitors
Chemotherapy Radiation
Note: Adapted from [8, 9, 11, 12, 18, 29, 31, 36].

VDAs include physical treatments like hyperther-
mia or photodynamic therapy, which have been well 
documented to induce direct tumor cell killing and an 
indirect effect through the induction of vascular dam-

age [9]. More recent data suggests that radiation can 
also induce vascular damage [13]. They also include 
biological response modifiers or cytokines like tumor 
necrosis factor (TNF) and interleukins; certain estab-
lished chemotherapeutic drugs such as vinka alkaloids 
and arsenic trioxide; and various ligand-based ap-
proaches that use antibodies, peptides or growth fac-
tors that can selectively bind to tumor vessels [8, 9, 14]. 
More commonly, VDAs involve the use of small molecule 
drugs, of which there are two major classes of agents. 
The first includes flavone acetic acid and its derivative 
5,6-dimethylxanthenone-4-acetic acid (DMXAA), which 
have a complex mechanism of action that is poorly un-
derstood, but their main effect on vascular endothelial 
cells is thought to involve a cascade of direct and indirect 
effects, the latter involving the induction of cytokines, 
especially TNF-, leading to the induction of haemor-
rhagic necrosis [15]. A second group includes the 
tubulin-binding agents combretastatin A-4 phosphate 
(CA4P) and the CA1P derivative OXi4503, AVE8062, 
ZD6126, MN-029, NPI-2358, BNC105, EPC2407, ABT-
751 and 2-methoxyestradiol and its analogue ENMD-
1198 [9, 15]. These tubulin depolymerizing agents are 
primarily believed to selectively disrupt the cytoskeleton 
of proliferating endothelial cells, resulting in endo-
thelial cell shape changes and subsequent thrombus 
formation and vascular collapse [15]. Several of these 
tubulin binding agents appear to preferentially target 
dividing endothelial cells, which gives rise to a certain 
degree of tumor specificity. Both the TNF-inducers and 
the tubulin binders have been shown to have potent 
anti-vascular and anti-tumor efficacy in a wide variety 
of preclinical models and the lead agents are undergo-
ing clinical evaluation [16].

Whether Als or VDAs are given alone or in com-
bination, the effects on tumors generally does not 
lead to tumor regression [9]. This suggests that for 
VTAs to achieve their full potential they will need to 
be combined with other therapies. Indeed, numerous 
pre-clinical studies have now shown that combining 
either AIs or VDAs with conventional radiation and che-
motherapy, or less conventional treatments like hyper-
thermia, photodynamic therapy, radioimmunotherapy, 
or antibody/clostridia-directed prodrug therapy, can 
significantly improve anti-tumor response [9, 11, 17]. 
In some instances this improvement can be seen as 
complete eradication of the tumor [9, 17]. As a result, 
current clinical trials with VTAs involve combination 
with conventional therapies [10, 12, 16].

SIGNIFICANCE OF THE HOST CELLS

Host cells and angiogenesis. Although the driving 
force behind the development of tumor neo-vasculature 
are the tumor cells themselves, there is now good evi-
dence that the normal host cells actually have a role to 
play in this angiogenesis process (Fig. 1). Under normal 
conditions angiogenesis is a highly regulated process 
mediated through a balance of pro-and anti-angiogenic 
factors [18, 19]. The expression of these factors is 
controlled by the endothelial cells, the endothelium-
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supporting cells, and the local microenvironment [19]. 
In tumors the balance is tipped in favour of the pro-
angiogenic factors, such as VEGF, fibroblast growth 
factor, and interleukin 8 [18]. The most critical of these 
is VEGF, which consists of a family of growth factors that 
include VEGF A-E and placental growth factors 1 + 2 
[18]. VEGF-A is the most prominent mediator of angio-
genesis in tumors and is known to be produced by both 
the tumor cells and a variety of host cell types present 
in the tumor microenvironment [19, 21]. These include 
infiltrating macrophages, mast cells, neutrophils, plate-
lets, endothelial cells, and stromal fibroblasts.

Tumour

Host
vessel

Host cells

Growth
factors

Angiogenesis

Als VDAs
Established
vasculature

Fig. 1. Schematic illustration of how the growth of solid tumors 
depends on the development of a functional vasculature from the 
host normal vessels by the process of angiogenesis. This process 
is initiated by the release of various growth factors by the tumor. 
Also shown is the role of the host cells in this angiogenesis process, 
part of which involves homing-in to the site of angiogenesis in re-
sponse to signalling factors. Host cells also play a role in the tumor 
response to treatment with agents that inhibit the angiogeneis 
process (angiogenesis inhibitors; AIs) or damage the established 
tumor vasculature (vascular disrupting agents; VDAs).

The release of the growth factors is the first step 
in the angiogenesis cascade that ultimately leads to 
new vessel development. Normal host blood ves-
sels then undergo destabilization to permit vessel 
sprouting, which is then followed by migration and 
proliferation of the endothelial cells, and finally sta-
bilization of the new vessels. Again the host cells, 
along with the tumor cells, play significant roles in 
each of these physical steps. One group of molecules 
influential in this process are the members of the 
angiopoietin (Ang) family [for review see 19]. These 
are secreted glycoproteins of which four members 
have been identified, known simply as Ang-1, 2, 
3 and 4. Ang-1 and Ang-2 are the most well studied 
and it has been shown that while Ang-1 is secreted 
by endothelial cells, pericytes, and vascular smooth 
muscle, Ang-2 is primarily produced by endothelial 
cells. Over-expression of Ang-2 has been shown to 
have a destabilizing effect on vasculature in a variety of 
human tumors. This over-expression can up-regulate 
matrix metalloproteinases (MMP) 1 and 9; MMPs 
promote angiogenesis by degrading the extracellular 
matrix, thus Ang-2 can influence tumor growth by 
endothelial-dependent and endothelial-independent 
mechanisms. Ang-2 has also been implicated in the 
migratory response of endothelial cells. It may also 
contribute to angiogenesis by promoting endothelial 
progenitor cell recruitment. Effects on endothelial cell 
migration have also been shown for Ang-1, but this 
molecule also plays a role in endothelial cell prolifera-

tion and survival, and finally vessel stabilization [19]. 
This latter effect is essential for proper vessel function. 
It is promoted by endothelial cell-to-cell contact and by 
interactions between endothelial cells and pericytes. 
Apart from Ang-1, platelet-derived growth factor 
(PDGF) is another important factor promoting these 
interactions [19], and in the tumor microenvironment 
PDGF, like Ang-1, is expressed by endothelial, stromal, 
and tumor-infiltrating immune cells [19, 20].

Influence of host cells on VTA activity. Hypoxia 
is a characteristic feature of most solid tumors [22]. 
It also plays a significant role in angiogenesis. There is 
evidence that it is one of the major factors that triggers 
the initial events that start the angiogenesis process [4]. 
The up-regulation of selected genes and proteins under 
reduced oxygenation conditions is well known [23]. This 
is especially true for the principle growth factor, VEGF, 
as well as many of the other proteins involved in angio-
genesis including Ang-2 and PDGF [19, 20]. Hypoxia 
also influences host cell infiltration into tumors. Tumor 
associated macrophages accumulate preferentially 
in poorly vascularised tumor regions, characterized 
by low oxygen tension [20]. This is believed to be in 
response to a hypoxia-induced up-regulation of various 
chemokines, such as CXCR4, CXCL12 and CXCL8; the 
latter also influences recruitment of neutrophils into the 
tumor from the circulation [21].

There is now evidence that treating tumors with 
VDAs can increase host cell infiltration. Following treat-
ment of tumor bearing mice with CA4P, or its derivative 
OXi4503, an acute mobilization of circulating endothelial 
progenitor cells has been observed, which then home-in 
to the tumor [24]. Additional pre-clinical data suggests 
that the tumor vasculature may be an important target 
for radiation therapy [13]. Following tumor irradiation, 
or where tumors are grown in previously irradiated tissues 
in which vasculature has been damaged, large numbers 
of bone marrow derived CD11b+ myeloid cells express-
ing MMP9 are recruited into the tumor thus restoring 
the vasculature and allowing for tumor regrowth [25]. 
Whether this is related to hypoxia is not clear. It is well 
known that the vascular collapse that occurs in tumors 
after treatment with VDAs results in extensive cell kill 
and the development of central necrosis [9]. However, 
viable tumor cells are often seen at the tumor rim and are 
a source of tumor regrowth. Some of these viable cells 
become radiation resistant, suggesting that the vascular 
shut-down was not sufficient to kill them, but enough 
to make them radiobiologically hypoxic [9, 17] and it is 
possible that these cells are the stimulus for the host cell 
invasion and subsequent angiogenesis induction.

Host cells are also believed to play a critical role in 
the response to AIs. The tumor vasculature that deve-
lops via angiogenesis is generally considered to be a 
chaotic and primitive system with numerous structural 
and functional abnormalities compared to the normal 
host vasculature from which it develops [22]. As a result 
it is inadequate in supplying the oxygen and nutrients 
demands of the growing tumor mass. It has now been 
proposed that certain AIs can transiently «normalize» 
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the abnormal structure and function of tumor vascula-
ture to make it more efficient for oxygen and nutrient 
delivery [26]. Indeed, there are studies showing an 
improvement in tumor oxygenation after AI therapy 
[9]. This improvement in one study corresponded to 
a transient period of stabilization of the tumor vessels, 
in which less mature vessels were destroyed and other 
vessels were stabilized by recruitment of pericytes [27]. 
While vessel normalization is an interesting concept the 
effect seems to be very transient, disappearing within 
a few days in the pre-clinical studies [9]. More signifi-
cantly, although there are a number of studies showing 
improvements in tumor oxygenation after AI therapy, 
far more studies report no change in oxygenation or a 
significant decrease with AIs. These finding suggest that 
the normalization effect is not a universal phenomenon.

ROLE OF THE HOST ORGANISM

VTA-induced side effects. Cancer patients un-
dergoing therapy are normally treated to tolerance. In 
other words, the therapeutic dose is increased until 
serious systemic side effects are observed or local 
damage to critical normal tissues is achieved. This 
means that although the tumor is the target the dose 
that can be given for any particular treatment is actu-
ally determined by the dose that can be tolerated by 
the host normal tissues. All the AIs and most of the 
VDAs listed in Table 1 are drug based approaches and 
similar to other drug related therapies systemic toxicity 
becomes a major issue. In the clinical trials that have 
been conducted with VTAs numerous side effects have 
been reported and these are listed in Table 2. The 
reported side-effects range from mild and tolerable 
(i.e., fatigue, dizziness, nausea, and anxiety) to more 
severe and definitely dose limiting (i.e., bleeding, and 
myocardial infarction). For AIs some of the side effects 
have resulted in death. This includes fatal haemor-
rhagic events associated with bevacizumab [28] and 
sunitinib [29], and gastrointestinal perforation and 
post surgical complications again with bevacizumab 
[28]. With VDAs the most recorded dose limiting toxici-
ties (DLTs) were cardiovascular in nature and included 
myocardial infarction/ischemia, hypotension and in-
creased troponin levels. Other DLTs were respiratory 
based (dyspnoea), neurological (ataxia, apnoea and 
brain ischemia) and tumor pain; the latter probably 
being indicative of the VDAs having some effect in the 
tumor. To-date none of the adverse events obtained 
with VDAs has been fatal. An important contributing 
factor with some of the VTA reported side-effects 
is underlying disease. Some of the cardiovascular 
problems are clearly related to previous issues with 
hypertension or coronary disease [12, 30]. Underlying 
disease also seems to be a contributing factor in the 
majority of cases of dyspnoea and/or hypoxia after 
CA4P treatment [30]. Gastrointestinal perforation in 
patients receiving avastin, although rare, does occur 
and is often associated with certain risk factors, such 
as acute diverticulitis, obstruction, tumors at the site 
of perforation, and history of abdominal radiation [12]. 

These findings suggest that with certain patients the 
use of VTAs should be limited or that such patients 
should be more closely monitored.

Table 2: List of reported side effects seen after administering VTAs

Angiogenesis inhibitors Vascular disrupting agents
Cardiovascular
- Myocardial infarction
- Hypertension
- QTc elongation
- Thrombosis
- Haemorrhage
- Surgical/wound healing problems
Neurological
- Central nervous system ischemia
- Headache
Respiratory
- Dyspnoea
Gastrointestinal
- Gastrointestinal perforation
- Stomatitis
- Dysgeusia
- Nausea
- Vomiting
- Diarrhoea
- Anorexia
Haematological
- Thrombocytopenia
- Neutropenia
- Leukocytopenia
Renal/Genitourinary
- Nephrotic syndrome
Hepatobiliary/Pancreas
- Liver dysfunction
- Pancreatis
Metabolic
- Proteinuria
- Hypophosphatemia
- Hyperkalemia
Endocrinological
- Hypothyroidism
Dermatological
- Hand-foot syndrome
- Skin rash/desquamation
- Hair pigmentation
Allergy
- Rhinitis
Constitutional
- Fatigue

Cardiovascular
- Myocardial infarction/ischemia
- Chest pain
- Hypertension
- Hypotension
- QTc elongation
- Increased troponin levels
Neurological
- Ataxia
- Paresthesia
- Apnoea
- Brain ischemia
- Visual disturbances
- Extremity tingling
- Tremor
- Slurred speech
- Headache
- Dizziness
- Anxiety
Respiratory
- Dyspnoea
- Hypoxia
Gastrointestinal
- Abdominal pain/discomfort
- Gut ischemia
- Nausea
- Vomiting
- Diarrhoea
- Constipation
Genitourinary
- Urinary incontinence
Musculoskeletal
- Arthralgia
- Leg weakness
Haematological
- Thrombocytopenia
- Neutropenia
Pain
- Tumor
Constitutional
- Fatigue
- Fever

Note: Adapted from [12, 28-31, 34-38]. Based on the Common Terminolo-
gy Criteria for Adverse Events (CTCAE) version 3.0.

One of the more common side effects found with 
both AIs and VDAs is hypertension, and this may have 
a significant role to play in the more serious cardio and 
thrombolytic events with the two leading VTAs, Avastin 
[31] and CA4P [30]. Monitoring and controlling this 
hypertension is clearly a critical issue. Hypertension 
has been observed in animal models after giving CA4P 
[32, 33] or AVE8062 [34]. The pre-clinical studies 
with CA4P in mice and rats were performed not only 
to investigate the hypertensive effect of CA4P, but 
also whether this hypertension could be controlled 
[32, 33]. Both studies reported a time-dependent 
increase in mean arterial blood pressure (MABP) that 
occurred soon after drug administration and reached 
a plateau within 30–60 minutes (Fig. 2). In rats there 
was a dose-dependent effect when the CA4P dose 
was increased from 3–30 mg/kg [33], but in mice 
the CA4P effect appeared to be dose-independent 
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between 25-250 mg/kg, although the return to nor-
mal seemed to be dose-dependent occurring earlier 
at lower doses [32]. Both the mouse and rat stud-
ies attempted to try and control the CA4P-induced 
hypertension. In rats, nitroglycerin and the calcium 
channel blocker diltiazem (Fig. 2) effectively blocked 
the hypertension, but the beta blocker metropol was 
ineffective [33]. With mice, the anti-hypertensive drug 
hydralazine was used and found to be an effective 
inhibitor (Fig. 2). More significantly, additional studies 
in a mouse tumor model showed that the combination 
of hydralazine with CA4P had no influence on tumor 
response to this VDA [32]. This suggests that anti-
hypertensive drugs should be given to patients that 
experience VDA-induced hypertension and thereby 
help reduce some of the more serious cardiovascular 
side-effect problems, without fear of reducing anti-
tumor activity. Whether the same can be expected with 
AIs is not known and clearly warrants investigation.
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Fig. 2. Upper panels: Changes in mean arterial blood pressure 
(MABP) in mice or rats following injection with CA4P (100 mg/
kg in mice; 30 mg/kg in rats) and its modification by the antihy-
pertensive drugs hydralazine (0.2 mg/kg in mice) or diltiazem 
(50 mg/kg/min in rats). Results show means + SEM for > 4 ani-
mals/group given either CA4P alone ( ) or CA4P + antihyperten-
sive drug ( ). Lower panels: The effect of DMXAA (20 mg/kg) on 
radiation response of foot implanted C3H mammary carcinomas 
or normal foot skin of CDF1 mice. Tissues were locally irradi-
ated with graded radiation doses either alone ( ) or 1 h prior to 
DMXAA injection ( ). Points are > 6 mice/group and show either 
the percentage of mice with local tumor control at 90 days or 
developing skin moist desquamation from days 11 to 23 after 
treatment. Lines fitted by logit analysis with 95% confidence 
intervals at the 50% level shown. Redrawn from [32, 33, 39, 40].

VTA affects on normal tissue reactions. VTAs are 
unlikely to be given as single agent therapies and for 
their full clinical potential to be achieved they will most 
likely be combined with more conventional therapies. 
This raises the issue of the possibility that VTAs may en-
hance response in the normal tissue that limits the con-
ventional therapy. With chemotherapy this will probably 
be reflected by an increase in systemic toxicity. Indeed, 

haematological toxicity (i.e., thrombocytopenia and 
neutropenia) is increased in patients receiving DMXAA 
with carboplatin and paclitaxel [35], AVE8062 and 
cisplatin [34], and ABT-751 and carboplatin [36]. 
Thrombotic events seen with avastin in combination 
with carboplatin and paclitaxel are also increased [29].

For a more localised treatment like radiation the 
VTAs may increase the radiation-induced early and late 
normal tissue reactions. This is an issue that has not 
been investigated in great detail. In a review that sum-
marised the pre-clinical studies combining VTAs with 
radiation, only 4 (one with an AI and three with VDAs) 
of the 58 studies actually reported results on normal 
tissue reactions [9]. However, the results that have 
been obtained are encouraging. With the AI study, the 
inhibitor DC101 enhanced tumor radiation response, 
but had no effect on radiation-induced early respond-
ing skin reactions. For the VDAs, no enhancement of 
radiation damage was seen in skin or late responding 
bladder and lung, with CA4P or DMXAA, at doses that 
significantly improved tumor radiation response [9]. 
An example of the tumor and normal responses with 
DMXAA and radiation are shown on Fig. 2, and clearly 
illustrate this preferential effect in tumors.

CONCLUSIONS AND FUTURE 

PERSPECTIVES

The importance of the tumor vasculature for tu-
mor growth and development makes it an excellent 
target for therapy and the numerous on-going clinical 
studies with VTAs add support to the significance of 
such approaches. Although the development of the 
neo-vasculature is tumor driven, the very fact that the 
vasculature arises from the normal host vessels and that 
the angiogenesis process itself is part of the normal host 
function, albeit somewhat «out of control» in cancer, it 
is not surprising that the host cells play an integral role 
in this tumor angiogenesis. Nor is it surprising that the 
host cells also influence the response of the vasculature 
to VTA treatment. Understanding the exact role that the 
host cells play in this process will help re-define how we 
should use currently available VTAs as well as aid in the 
development of more effective agents.

At the same time there is a need to fully understand 
the side effects induced by these VTAs and the normal 
tissue reactions that occur when combined with more 
conventional therapies. With the side effect issue there 
is a need to identify those patients with the greatest 
risk factors so that one can avoid potential problems 
or apply appropriate methods to reduce the incidence. 
The possibility that VTAs can increase normal tissue 
reactions that occur following local treatment, for 
example with radiation, is an aspect that needs to be 
thoroughly investigated to be sure that no unexpected 
problems, such as the induction of fibrosis or other late 
reactions, arise at a future date.
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