
 

 

Introduction 
 
Despite being the least common of the skin can-
cers, malignant melanoma is by far the most 
lethal. Worldwide it has the highest increasing 
incidence rates of any common cancer, dou-
bling approximately every 10-20 years in white 
populations [1]. In common with many other 
cancers, incidence increases with age, yet the 
fastest rising melanoma population appears to 
be young women.  
 
Surgery remains the cornerstone of melanoma 
treatment and is effective in early stage dis-
ease. However, thicker melanomas, even when 
completely excised, are associated with only a 
32% survival at 10 years [2] and even 15% of 
patients diagnosed with a thin melanoma (less 
than 1mm thick) will die within 10 years [3]. The 
challenge has been to manage those tumour 
cells that have effectively broken away from the 
primary site. Regional spread is most commonly 
first seen via the lymphatics, and distant spread 

via the vasculature. Both conventional chemo-
therapies and radiotherapy have been largely 
ineffective in patients presenting with metas-
tatic disease. A typical response rate to any her-
alded drug has been in the order of 10%. As a 
result there has been a desperate need for 
novel targets in the treatment of melanoma. 
 
Angiogenesis 
 
Angiogenesis is defined as the growth of new 
blood vessels from a pre-existing vasculature 
and is as an absolute requirement for tumour 
survival and progression beyond a few hundred 
microns in diameter. In order for a cell to sur-
vive it must be assured of having a constant 
supply of both oxygen and nutrients and as a 
result cannot be more than a few hundred mi-
crometers from the nearest blood vessel [4]. For 
a tumour to proliferate beyond this size, it must 
therefore produce adequate levels of pro-
angiogenic growth factors to induce local angio-
genesis. It is this pivotal role that defines angio-
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genesis as one of the hallmarks of cancer [5], 
proving vital not only for initial development of 
the primary lesion but also during the establish-
ment of distant metastases.  
 
Although angiogenesis is essential during em-
bryogenesis, once in adulthood it has only a 
relatively limited role in normal physiology and 
is almost exclusively linked to pathological proc-
esses. Furthermore, when angiogenesis is in-
duced as part of normal physiological proc-
esses, such as wound healing and the female 
menstrual cycle, it tends to be only a transient 
process. This is in stark contrast to tumouri-
genesis, which involves the almost constant 
activation of angiogenesis to keep pace with the 
constantly growing, metabolically demanding 
tumour [5, 6]. This makes for an attractive 
therapeutic target, as not only is angiogenesis a 
central element of tumour growth and survival, 
but the relatively quiescent nature of much of 
the adult vasculature suggests that targeting 
active vessel proliferation ought not result in 
any significant or insurmountable side effects if 
systemically blocked. Furthermore, unlike the 
tumour cells themselves, the vasculature is hy-
pothesised to remain relatively genetically sta-
ble and thus less likely to develop drug resis-
tance and cease to respond to therapy [4]. In 
fact, there have been notable successes seen 
with anti-angiogenic therapies in the treatment 
of metastatic disease in several cancer types 
including breast cancer, colorectal cancer, small 
cell lung cancer and renal cell carcinoma to 
name but a few. So much so that in 2004, after 
the FDA approval of the anti-angiogenic therapy 
bevacizumab for treatment of advanced colo-
rectal cancer, the FDA Commissioner at the 
time heralded anti-angiogenic therapy as “the 
fourth modality of cancer treatment” after sur-
gery, chemotherapy and radiotherapy, establish-
ing it as a distinct and valid weapon in the fight 
against cancer [7]. 
 
Angiogenesis and melanoma 
 
Malignant melanoma has been well docu-
mented as an angiogenic tumour type, clearly 
demonstrating new vessel formation as an im-
portant step in disease progression from atypi-
cal melanocytes, through radial growth to the 
aggressive vertical growth phase [8]. However, 
the precise role of angiogenesis in the clinical 
setting has remained unclear and shrouded in 
debate. Several studies have sought to estab-

lish prognostic links with angiogenesis, correlat-
ing microvessel density (MVD) in and around the 
tumour with disease progression, metastasis 
and survival, yet have yielded mixed and uncer-
tain results. In 1997 Erhard et al., described 
increasing angiogenesis with disease transition 
from the horizontal growth phase, that has a low 
metastatic potential, to the more aggressive 
vertical growth phase [9], suggesting a link be-
tween angiogenic status and metastatic poten-
tial. This is supported by several other studies 
that demonstrated a positive correlation be-
tween angiogenesis, vascularity and poor out-
come [10-14], including a large prospective 
study of over 400 patients which was under-
taken in 2002 and identified vascularity as the 
most important determinant of overall survival 
as determined by multivariate analysis [15]. 
However, several studies have equally identified 
either no correlation or a direct correlation, with 
increasing angiogenesis predicting paradoxical, 
and somewhat counter-intuitive, improved out-
come and survival [16-18].  
 
Despite this contradictory data, it is the funda-
mental role of angiogenesis in tumourigenesis 
that maintains it as an attractive target for novel 
therapies. Thus, given the successes seen with 
anti-angiogenic therapies in other solid cancer 
types, and the relatively limited therapeutic op-
tions currently available for melanoma patients 
presenting with metastatic disease, there has 
resulted an explosion of research into the po-
tential role of anti-angiogenic therapy in ad-
vanced malignant melanoma. 
 
Targetable controllers of angiogenesis 
 
Like many physiological processes, angiogene-
sis is not a simple response to one solitary fac-
tor, but rather a complex, multi-step progression 
controlled by a fine balance of pro- and anti-
angiogenic signals. During tumour growth an 
“angiogenic switch” is activated, disrupting this 
balance such that pro-angiogenic growth factor 
expression vastly outweighs that of anti-
angiogenic signals and results in a correspond-
ing growth of new vasculature [6]. Thus, all the 
emerging targets for therapy are aimed at re-
dressing this balance to once again favour anti-
angiogenic signals and so achieve a quiescent 
vasculature once more. However, the diversity 
of the factors involved in this process highlights 
the complexity of angiogenic control that must 
exist. This raises distinct challenges when tar-
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geting therapy by manipulation of any one of 
these factors because it is likely that the inter-
play of these molecules holds the key to suc-
cess [19, 20], and single agent/ligand ap-
proaches are at the mercy of resistance, be it 
inherent or acquired. 
 
VEGF 
 
Vascular Endothelial Growth Factor (VEGF) ex-
ists in mammalians as several related families 
of glycoproteins including VEGF-A, B, C, D, and E 
[21], which mediate their effects through activa-
tion of the class III tyrosine kinase receptors 
VEGFR-1 (Flt-1), VEGFR-2 (KDR), and VEGFR-3 
(Flt-4) [22-24]. VEGF-A, which is often simply 
referred to as VEGF, is considered to be one of 
the most important mediators of angiogenesis, 
both in the physiological and pathological set-
ting [23, 25-27], and has been shown to be 

overexpressed in all known solid tumours [28]. 
The angiogenic response to VEGF is predomi-
nantly mediated through VEGFR-2 [22], with 
activation resulting in endothelial cell prolifera-
tion and migration, along with lumen formation 
and increased vessel dilatation and permeabil-
ity [22, 29-31] (for schematic Figure 1).  
 
Through alternate splicing within exons 6 and 7, 
VEGF exists as a series of isoforms of differing 
amino acid length, after which they are named 
VEGF121, VEGF145, VEGF165 (the dominant iso-
form), VEGF189 and VEGF206 [21, 32, 33]. These 
differing isoforms are all highly angiogenic and 
only differ in their solubility as the variably ex-
pressed exons encode heparin-binding do-
mains, which is important in controlling the 
bioavailability of these isoforms and thus in es-
tablishing chemotactic gradients to guide the 
newly developing vasculature [21, 34, 35]. In-

Figure 1. Schematic of tumour angiogenesis. Several different growth factors are secreted by the tumour to induce 
local angiogenesis through sprouting from nearby vasculature. The predominant factor is VEGF that acts on both en-
dothelial cells and in an autocrine manner on the tumour itself. Matrix Metalloproteinases (MMPs) drive the corre-
sponding re-modelling of the extracellular matrix, and are also able to release any bound growth factors simultane-
ously, thereby optimising the pro-angiogenic environment. Immature vessels, which lack pericyte coverage, are sus-
ceptible to anti-VEGF therapy, whereas those covered with pericytes are protected by the secretion of paracrine 
growth factors. 
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deed, this has important implications for mela-
noma as the precise isoforms expressed by the 
developing tumour have a significant impact on 
tumour and vasculature growth. When overex-
pressed in an otherwise non-tumourigenic, non-
VEGF expressing melanoma cell line, VEGF121 
and VEGF165 resulted in an aggressive tumour 
with a highly extensive supporting vasculature, 
whereas VEGF189 expression resulted in a rela-
tively dormant tumour with limited vascular sup-
ply as the expressed VEGF isoform remains al-
most entirely bound to the expressing cells [36]. 
 
The potential role of anti-angiogenic therapies 
which target this VEGF pathway are made an 
even more attractive target by the fact that 
VEGF receptors are known to be expressed by 
melanoma cells, but not melanocytes [37, 38]. 
This suggests a potential autocrine role for 
VEGF expression by the developing tumour, with 
increasing VEGF expression not only improving 
local vascular supply, but perhaps also acting 
as a direct stimulator of tumour growth. There-
fore any therapy that directly targets this path-
way, may not only starve the tumour of vital oxy-
gen and nutrients through blockade of its vascu-
lar supply, but also directly inhibit tumour cell 
survival and proliferation, perhaps even render-
ing them more susceptible to more conventional 
treatment with chemo- or radiotherapy [39]. 
 
This dogma of the pro-tumourigenic role of 
VEGF isoforms has however, recently been chal-
lenged by the description of an alternative fam-
ily of VEGF splice variants termed VEGFxxxb 
where xxx denotes amino acid number [40]. This 
family of almost identical sister isoforms results 
from selection of a differential splice site in a 
region previously believed to be the 3’-
untranslated region (3’UTR). As a result, the 
terminal exon of VEGF, exon 8, actually exists as 
two subexons, exons 8a and 8b. Conventional 
VEGF results from the selection of the proximal 
splice site and includes exon 8a encoding six 
amino acids. This novel family of sister isoforms 
however, is generated by selection of the distal 
splice site and includes exon 8b, which encodes 
a different set of six amino acids [40]. Although 
this alternative splicing event only alters the 
terminal six amino acids, it has profound effects 
on both the structure and resulting function of 
the translated protein, with the VEGFxxxb family 
demonstrating highly anti-angiogenic effects [40
-42]. These VEGFxxxb isoforms are highly ex-
pressed as part of normal physiology [42] and 
unlike conventional VEGF, have been seen to be 

downregulated in many solid tumours [40, 41, 
43]. Indeed, when overexpressed in the A375 
melanoma cell line, VEGF165b was shown to 
inhibit tumour growth in vivo [41] and further-
more, expression of this inhibitory VEGFxxxb in 
archival primary melanoma samples was associ-
ated with reduced metastatic spread irrespec-
tive of tumour thickness [44].  
 
Neuropilin  
 
Neuropilin-1 and 2 (Nrp-1, Nrp-2) are known to 
act as co-receptors for the VEGFRs and en-
hance VEGF signalling upon binding [23, 45], 
and there is evidence to suggest that VEGF may 
be able to signal independently through Nrp in 
the absence of VEGFR-1 or 2 [46-48]. In addi-
tion, rather like VEGFRs, Nrp receptors have 
been shown to be expressed not only by tumour 
associated endothelial cells but also by the tu-
mour cells themselves, suggesting it may play a 
crucial role in tumourigenesis, although such a 
role is yet to be fully understood [47, 48]. In-
triguingly, there is growing evidence to suggest 
that the combination of neuropilin blockade and 
anti-VEGF therapy is synergistic in its effects. In 
an animal model of melanoma growth, blocking 
Nrp-2 using a mutated soluble neuropilin-2 B 
domain in combination with the anti-VEGF anti-
body bevacizumab (Avastin) resulted in a 
greater inhibition of overall tumour growth, than 
either treatment achieved alone [49]. Similarly, 
the blockade of Nrp-1 in combination with the 
same anti-VEGF treatment as part of an animal 
model utilising a lung cancer cell line, demon-
strated an additive effect on inhibiting tumour 
growth. In their paper, Pan et al. propose a pos-
sible mechanism for this observation, describ-
ing an enhanced susceptibility of the tumour 
associated vasculature to the anti-VEGF therapy 
in the presence of the Nrp-1 inhibition as a re-
sult of a disrupted relationship between the 
newly developing vessels and their usually pro-
tective pericytes [50]. 
 
Pericyte coverage 
 
Pericytes are well known to play a vital role in 
supporting normal vasculature and although it 
was previously believed that these cells were 
largely absent from the aberrant neovasculature 
of the tumour, there is growing evidence to sug-
gest that they are present in most, if not all tu-
mours [51-53]. These pericytes are known to 
cover the surface of the developing vessels and 
have been shown to demonstrate a paracrine 
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relationship in which they secrete survival sig-
nals to support the underlying endothelial cells 
[5, 53, 54]. These pericyte covered vessels are 
considered far more stabilised and are often 
referred to as ‘mature’ vessels as opposed to 
the ‘immature’, leaky, unstable vessels that lack 
pericyte association. When treated with anti-
VEGF therapy, it is possible that these support-
ing pericytes protect the underlying endothelial 
cells such that it is only the immature vessels 
that appear to be susceptible to treatment [50], 
thus rendering anti-VEGF therapy potentially 
less effective in established advanced disease, 
where of course, novel therapies are first evalu-
ated. It appears that these supporting pericytes 
are driven by the tumour and endothelial cell 
production of Platelet Derived Growth Factor β 
(PDGF-β) [54] and indeed upon blockade of 
PDGF-β and VEGF in combination, results in a 
more effective treatment regimen [55], though 
it has been suggested that this combination 
therapy may only be able to target a certain sub-
set of pericytes [56]. Further complicating the 
seductive idea that anti-VEGF and PDGF therapy 
is the key to destabilising and disrupting ne-
ovasculature, is the fact that anti-VEGF therapy 
can also induce an increase in Angiopoietin-1 
(Ang-1) that can increase pericyte coverage and 
thus counteract the effects of the anti-VEGF 
therapy [57]. These many compensatory path-
ways only highlight the importance of consider-
ing the role of pericytes in contributing to the 
development of resistance to anti-angiogenic 
therapy. 
 
Angiopoietin 
 
Angiopoeitin-1 and 2 (Ang-1 and Ang-2) have 
both been shown to play an important role dur-
ing angiogenesis and exert their effects by bind-
ing to the Tie receptor tyrosine kinase receptors 
(Tie-1 and Tie-2) [58, 59]. As with many angio-
genic factors, this role is a complex one that can 
be very context dependent, with Ang-1 stimulat-
ing pericyte coverage of vessels, thereby stabi-
lising the developing vasculature and Ang-2 
(acting as an Ang-1 antagonist) stimulating the 
pericytes to become dissociated for the endo-
thelial cells so that they may respond to VEGF 
and proliferate and migrate as part of a pro-
angiogenic response [58]. Furthermore, it has 
been demonstrated that VEGF can also directly 
activate the Tie-2 receptor [60], suggesting im-
portant crosstalk between the VEGF and angio-
poietin/Tie receptor pathways. This is further 

supported in that blockade of both VEGF and 
angiopoietins appears to have an additive effect 
on reducing tumour neovascularisation [61, 
62]. In melanoma, high levels of Ang-2 in the 
blood stream have been identified as a poor 
prognostic marker associated with disease pro-
gression, metastasis and reduced overall sur-
vival, indicating that this pathway may be an 
important target [63]. 
 
FGF 
 
It is all too tempting to focus on the importance 
of VEGF in angiogenesis and we neglect, at our 
patients’ peril, other key angiogenic pathways. 
The fibroblast growth factor (FGF) ligands are 
highly angiogenic and in particular, basic FGF 
(bFGF) expression has been demonstrated in 
melanoma cells but not melanocytes [64, 65]. 
Expression of bFGF has been shown to have 
both paracrine effects, through the stimulation 
of local angiogenesis, but also autocrine effects, 
directly increasing tumour cell proliferation 
through activation of FGF receptors expressed 
on the melanoma cells themselves [8, 64]. This 
dual role of FGF suggests it to be a very appeal-
ing target and indeed FGF expression was one 
of the first noted mechanisms mediating resis-
tance to an anti-VEGF therapy [66]. This was 
indentified as part of an animal model of pan-
creatic cancer, where initial treatment with a 
VEGFR-2 monoclonal antibody was able to re-
duce tumour vascularity, however this response 
was only short lived with a rebound in growth 
and neovascularisation noted just four weeks 
later. This was associated with an increase in 
FGF expression and thus, when an FGF-trap was 
introduced in combination with the VEGFR-2 
antibody treatment, there was a reduction in 
resistance development [66, 67]. This serves to 
highlight the importance of abeyant pathways of 
angiogenic signalling that provide diversity in 
normal physiology, and can be activated to fa-
cilitate drug resistance in pathological angio-
genesis. Furthermore this has been clinically 
evidenced in glioblastoma patients receiving 
anti-VEGF therapy, where progressive disease 
was associated with increasing levels of circu-
lating bFGF [66, 68].  
 
Extracellular matrix re-modelling  
 
In order for new blood vessels to form there 
must be corresponding remodeling of the sur-
rounding extracellular matrix (ECM), a process 
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that is usually under the tight regulation of Ma-
trix Metalloproteinases (MMPs) and Tissue In-
hibitor Metalloproteinases (TIMPs). Expression 
of MMPs has been clearly shown to support 
tumour angiogenesis and indeed increasing 
expression is well correlated with metastasis 
and aggressive disease in melanoma [69-71]. 
The gelatinases, MMP-2 and MMP-9 have been 
highly linked with angiogenesis as they are both 
able to digest basement membrane compo-
nents and are the most studied MMPs with re-
gards to melanoma [72]. MMP-9 has further 
been identified as having the ability to release 
heparin bound VEGF from the extracellular ma-
trix, effectively increasing the angiogenicity of 
the local microenvironment [73]. There is how-
ever, growing evidence to suggest that it is in 
fact the cell surface associated membrane-type 
matrix metalloproteinase (MT1-MMP) that is 
most relevant during melanoma neovascularisa-
tion. It not only demonstrates direct effects on 
vessel formation [74-76], but also has been 
clearly shown to be upregulated in melanoma 
[77]. 
  
While it is clear the MMPs have an important 
role to play during melanoma progression and 
neovascularisation, the role of the naturally oc-
curring inhibitors, TIMPs, is far less clear. Some 
evidence suggests that increased expression of 
TIMPs can reduce neovascularisation and tu-
mour development [78], however TIMP expres-
sion in pancreatic cancer cells has also been 
linked to an increase in tumour cell proliferation 
[79]. Indeed, an increase in TIMP expression 
has even been correlated to the level of tumour 
invasion, though it is hypothesized that this may 
reflect a host response in an attempt to control 
the corresponding increase in MMP expression 
and protect the ECM integrity [80]. 
 
Other factors 
 
Although these are some of the major players 
that are currently under investigation for their 
role in melanoma angiogenesis, this is by no 
means an exhaustive list. For example, Placen-
tal Growth Factor (PlGF) has been implicated as 
yet another alternative pro-angiogenic signal 
through which anti-VEGF therapy resistance may 
develop, with increasing circulating levels of 
PlGF noted as part of both preclinical and clini-
cal trials following VEGF signalling blockade [66, 
68, 81]. Equally, there are several naturally oc-
curring inhibitors of the angiogenic process, 

such as thrombospondin, angiostatin and en-
dostatin, which have all been identified as being 
potentially able to reduce tumour growth if over-
expressed [82]. There is also growing interest in 
the role of integrins during angiogenesis as an-
other potential therapeutic target, though as yet 
this work has not reached clinical trials [83]. 
Efforts to control the angiogenic nature of the 
tumour are further complicated by the role of 
other cell types within the tumour microenviron-
ment. Both cancer associated fibroblasts and 
immune inflammatory cells recruited as part of 
the tumour associated inflammatory response, 
have been shown to contribute to the angio-
genicity of the tumour by directly producing pro-
angiogenic growth factors [5, 84], adding yet 
another layer of control that needs to be consid-
ered. Indeed, despite the many successes that 
have been achieved with developing anti-
angiogenic therapies, none have yet proved to 
be the reliable panacea many had anticipated. 
It is possible that their true potential will only be 
fully realised when we properly understand the 
role and interplay of each factor. 
 
Current therapy 
 
VEGF targets 
 
Dacarbazine, is currently the generally accepted 
standard of care for patients with advanced 
melanoma, and with response rates in phase III 
trials of 9.8%–12% [85], reflects the disappoint-
ing results seen with chemotherapy overall. 
VEGF is the principle ligand targeted by anti-
angiogenic therapies of which bevacizumab 
(Avastin (ROCHE)), a humanized monoclonal IgG 
antibody against VEGF, is shown to have anti-
angiogenic effects in numerous tumours [86], 
recognizing all isoforms of VEGF but not other 
peptide growth factors. It was the first anti-
angiogenic agent to be granted FDA approved in 
2004 for use in colorectal cancer based upon 
the publication of results of a pivotal combina-
tion therapy trial in advanced colorectal cancer 
(Study AVF2107g) [87]. The UK license was 
granted the following year in 2005. To date, 
there are 24 US trials either recruiting or in 
analysis assessing bevacizumab, alone or in 
different combinations with chemotherapeutic 
agents for cutaneous melanoma (a further 4 
trials are targeting ocular variants) 
(www.clinicaltrials.gov). The majority of these 
trials are investigating bevacizumab in ad-
vanced metastatic disease.  
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Initial evaluations of bevacizumab in cutaneous 
melanoma were conducted in 2007 in a Phase 
II trial as either a monotherapy or combined 
with low dose interferon, IFN-α2b (inhibiting FGF 
from tumour cells [88]). 25% of patients 
showed increased disease stabilisation ranging 
24-146 weeks (but there was no significant im-
provement in Overall Survival (OS) between 
mono and combined therapy (8.5 vs 10 months 
[89])), though it would appear that in combina-
tion with either a higher dose of IFN-α2b [90], or 
dacarbazine, these response rates were further 
improved [91] (Table 1). The BEAM trial  
(NCT00434252), a randomised multi-centre 
Phase II trial for melanoma treatment with 
around 200 patients, evaluated carboplatin and 
paclitaxel with or without bevacizumab as first 
line therapy for patients presenting with metas-
tatic disease. This trial demonstrated an im-

provement in Progression-Free Survival (PFS) of 
22% and OS of 21% by the addition of bevacizu-
mab to the standard chemotherapy.  Whilst the 
results were not statistically significant (95% CI: 
0.55-1.13; p=0.19), bevacizumab still appeared 
beneficial [92] (Table 2). This was further sup-
ported in 2009, with a Phase II trial combining 
twice-weekly bevacizumab at 10mg/kg with a 
regime of paclitaxel/carboplatin in 53 patients 
with stage IV unresectable melanoma reporting 
disease stabilisation in 57% of patients for 8 or 
more weeks, with median progression-free sur-
vival of 6 months and overall survival of 12 
months [93]. This is in contrast to the more 
usual OS of 6 months for this advanced stage of 
disease.  
 
In 2010 Del Vecchio et al. published a multi-
centre Phase II single arm trial using bevacizu-

Table 1 Melanoma trials: published data 
P u b l i s h e d 
Trials Therapy Phase Patient 

(n) PR% medPFS 
(months) 

TTP 
(months) 

mOS 
(months) Year Ref 

Varker et al. Bevacizumab ± 
interferon- α2b (II) 32 6 

0 
3.0 
3.0   10 

8.5 2007 [89] 

Von Moos et 
al. Temozolomide, bevacizumab (II) 62 15 4.2   9.6 2011 [96] 

Grignol et 
al. 

Bevacizumab, high dose 
interferon α-2b (II) 25 25 4.8   17 2011 [90] 

Egberts et 
al. 

Pegylated interferon- α2b, 
sorafenib (II) 55 3.6 2.5   9.6 2011 [123] 

Carvajal et 
al. Imatininib (II) 28 21   3.0 11 2011 [114] 

Hainsworth 
et al. Bevacizumab, everolimus (II) 57 12 4.0   8.6 2010 [124] 

Del Vechio 
et al. Fotemustine, bevacizumab (II) 20 15   8.3 20.5 2010 [94] 

Vihinen et 
al. 

Bevacizumab, dacarbazine, 
IFN-α2a (II) 26 15 2.3, 8.1 

responders   11.5 2010 [91] 

Ott el al. Sorafenib (II) 36 3   2.0   2010 [102] 

Hodi, O’Day 
et al. 

Ipilimumab 
± gp100 vaccine (III) 676 9.5 

5.5   2.86 
2.76 

10.0 
6.4 2010 [125] 

PR - Partial Response, medPFS – median Progression Free Survival, TTP - Time to Progression, mOS – median Overall Survival 

 

Table 2 Melanoma trials: selected conference abstracts 
Conference 
abstracts Therapy Phase Patient 

(n) PR% medPFS 
(months) 

mOS 
(months) Year Ref 

BEAM Trial 
Carboplatin, paclitaxel 
± 
bevacizumab 

(II) 214   5.6 
4.2 

12.3 
8.6 2009 [92] 

Hodi et al. Ipilimumab, bevacizu-
mab (I) 22 36     2011 [126] 

BRIM 3 Vemurafinib vs dacar-
bazine (III) 675 48 vs 5.5 5.3 vs 6.1 84% vs 64% at 1 

year 2011 [127] 

PR - Partial Response, medPFS – median Progression Free Survival, TTP - Time to Progression, mOS – median Overall Survival 
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mab (15mg/kg every 3 weeks), and the nitro-
sourea alkylating agent fotemustine (100 mg/
m2 by intravenous administration on days 1, 8, 
and 15, repeated after 4 weeks). The authors 
report mean Time To Progression (TTP) of dis-
ease to be 8 months and OS 20.5 months in 20 
chemo-naive advanced melanoma patients. 
Serum VEGF-A, VEGF-C, VEGFR-1 and VEGFR-2 
and overall all of the sixteen measured pro-
angiogenic serum markers were significantly 
reduced post treatment [94].  This compares 
favourably with combination treatment using 
CVD combination (cisplatin, vinblastine or vinde-
sine, and dacarbazine) plus interferon (IFN)-a 
and interleukin (IL)-2, in 190 melanoma pa-
tients achieving mean TTP of 4.9 months in a 
phase III trial [95].  
 
Results published this year combining temo-
zolomide (150mg/m2) and bevacizumab 
(10mg/kg per 2 weeks) in a Phase II trial [96],  
demonstrated OS of 12 months vs. 9.2 months 
(mOS 9.6), in patients with BRAF mutated mela-
nomas vs. wild type. Temozolomide is of particu-
lar interest because it crosses the blood brain 
barrier and hence may improve the outcome of 
patients with cerebral metastases (a key driver 
of mortality in stage IV disease). Overall temo-
zolomide combined with bevacizumab improved 
the quality of life in end-stage of disease. 
 
Whilst bevacizumab is a generally well-tolerated 
drug, concerns have been raised in Ranpura’s 
2011 meta-analysis that has reported a 1.46 
fold increase in fatal adverse events in cancer 
patients treated with bevacizumab compared to 
chemotherapy alone (incidence 2.5% vs. 1.7%; 
p=0.01) [97]. This appears to contradict the 
original hypotheses that the adult vasculature is 
relatively quiescent and as such targeting angio-
genesis ought not result in any significant side 
effects, suggesting that we still do not fully un-
derstand the actions of these therapies. 
 
In all of these prior investigations, the patients 
recruited have all had advanced disease and it 
has been suggested that it is possible that anti-
angiogenic therapy may provide more suc-
cesses if targeting an earlier stage when active 
angiogenesis is likely to be more pivotal. As a 
result, the UK Adjuvant Avastin Trial in High-Risk 
Melanoma (AVAST-M) study has focused on a 
preventative strategy targeting angiogenesis to 
disrupt early metastasis following surgical re-
section of primary disease (and corresponding 

microscopic metastasis detected at Sentinel 
Lymph Node Biopsy). This is an actively recruit-
ing Phase III trial offering adjuvant therapy to 
1320 patients following resection of AJCC stage 
IIB (T3bN0M0 and T4aN0M0), IIC (T4bN0M0) 
and III (TxN1-3M0) cutaneous melanoma ran-
domised to either bevacizumab 7.5mg/kg three
-weekly for 1 year, or observation. The primary 
endpoint of the study is OS, with secondary end-
points relating to Disease Free Interval (DFI), 
Distant Metastasis Free Interval (DMFI) and 
Toxicity. Thus far toxicity profiling has been en-
couraging and there is a significant translational 
component to the trial to evaluate biomarker 
proteins and candidate genes as predictors of 
response or progression in the cohort. This is a 
unique trial that will go a long way to establish-
ing the role of bevacizumab in preventing dis-
ease recurrence by controlling any microscopic 
disease that has escaped beyond the reach of 
the surgeon.  
 
Whilst bevacizumab, a monoclonal antibody 
that binds all known isoforms of VEGF-A, is the 
most well known of the anti-angiogenic thera-
pies, there are alternative approaches.  Other 
VEGF targeted agents use soluble receptor con-
structs preventing binding to, and activation of 
VEGFR-1, VEGFR-2, NRP-1 and NRP-2. There is 
also the rise of broad Tyrosine Kinase Inhibitors 
(TKIs) or Small-molecule Signal Transduction 
Inhibitor (STI) that can, in addition to anti-VEGF 
signalling functions, inhibit the activity of PDGFR 
activity [98]. 
 
Broad blockade 
 
Sorafenib (BAY 43-9006) was first developed as 
a BRAF inhibitor but later found to have anti-
angiogenic properties inhibiting VEGFR in sev-
eral xenograft models [99]. Significant clinical 
responses have been seen in both leukaemia 
and Gastro Intestinal Tumours (GIST) [100, 
101]. There was understandable enthusiasm 
for this approach in melanoma, but as a mono-
therapy, sorafenib has proved disappointing 
with no significant responses reported [102-
104]. When used in series against a variety of 
advanced solid tumours (including malignant 
melanoma), sorafenib followed by bevacizumab 
was anticipated to demonstrate additive effects 
by combining a specific anti-ligand antibody with 
the more promiscuous STI. It was also antici-
pated that lower doses of each could be used 
because these agents would offer reduced 
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VEGF production courtesy of disrupted VEGFR-2 
signalling, and inhibition of vascular prolifera-
tion and survival pathways via feed-forward and 
feed-back loop disruption [105]. The authors 
found however, that the only additive effects 
were seen in relation to significantly increased 
toxicity that prevented the investigators escalat-
ing doses of either drug to the standard thera-
peutic doses. Furthermore, the only group of 
patients to see any meaningful clinical activity 
were those with ovarian cancer [106]. 
 
Currently sorafenib and bevacizumab are being 
assessed (NCT00387751) in a multicentre 
Phase II trial with 45 patients [107], with an-
other ongoing study (NCT00538005) combining 
a Phase I (bevacizumab) /Phase II dose escala-
tion study (oxaliplatin/sorafenib) [108]. Temo-
zolomide which has recently shown improved 
disease stabilization combined with bevacizu-
mab in a Phase III trial [96], also showed bene-
fits in combination therapy with sorafenib in a 
Phase II trial treating patients with advanced 
melanoma [109] (Table 3).  
 
Axitinib (AGO13736) is a small molecule inhibi-
tor of VEGFR-1, VEGFR-2 and VEGFR-3. A Phase 
II trial with 32 melanoma patients demon-
strated a median OS of 6.8 months and OR rate 
of 15.6% [110]. Currently, a trial of axitinib and 
carboplat in/pacl i taxel  in  melanoma 
(NCT01174238) is measuring primary out-
comes of Objective Response Rate (ORR), and 
seeking to evaluate the optimal time between 
drug dosing [111]. A 60 patient trial 
(NCT01321437) is projected to start recruiting 
shortly, investigating axitinib monotherapy in 
stage III melanoma [112] (Table 3). 
 
Some 28% of melanomas arising from acral, 
mucosal, and chronically sun-damaged sites 
harbor activating mutations and amplification of 
the type III transmembrane receptor tyrosine 

kinase KIT [113]. The TKI imatinib targets c-KIT 
and PDGFR, described earlier as playing a role 
in pericyte recruitment and modulation of 
autocrine tumour growth. The 2005 phase II 
study of imatinib was disappointing with no ORs 
reported and median OS of only 3.9 months. 
The recent trial from Memorial Sloane Kettering 
has reported OR rate of 16% and OS of 11.5 
months using imatinib in c-KIT mutated mela-
noma [114]. A new study is investigating temo-
zolamide with imatinib (NCT00667953) with no 
published data yet available. 
 
Back in the 1990s there was an enormous en-
thusiasm for targeting MMPs and a number of 
small molecule MMP inhibitors such as mari-
mastat (British Biotech) were developed and 
used both alone and in combination with other 
conventional chemotherapies following promis-
ing pre-clinical trials. Sadly, the considerable 
musculoskeletal toxicity and limited anti-tumour 
activity in most melanoma patients [115] has 
seen the decline of this target and there are 
currently no active trials.  
 
A new hope? 
 
Perhaps the most encouraging new targets for 
melanoma are the BRAF inhibitors such as ve-
murafinib (Roche/Plexxikon) with startling early 
results in metastatic melanoma. Phase I data 
presented in Milan in 2010 described reduction 
in brain metastases in 9 out of 10 patients 
treated. The reduction in size was 20- 100%. 
The drug has been shown to be most in active in 
patients whose melanoma harbours the BRAF 
V600E mutation (seen in some 50% of mela-
noma patients), but wild-type tumours also 
show considerable response. BRAF is a control-
ler in the important MAPK signalling pathway 
responsible for controlling cell survival, growth, 
proliferation and angiogenesis. The main con-
cern, however, is the emergence of resistance 

Table 3. Melanoma trials: ongoing trials 

Ongoing Trials Therapy Phase Patient (n) Ref 

NCT00387751 Sorafenib, bevacizumab (II) 45 [107] 

NCT00538005 Bevacizumab, oxaliplatin sorafenib (I/II) 56 [108] 

NCT01321437 Axitinib (III) 60 [112] 

NCT00667953 Temozolamide, imatinib mesylate (I/II) 56 [128] 

NCT01174238 Axitinib + carboplatin/paclitaxel (II) 36 [111] 

NCT00936221 AZD6244 +/- dacarbazine (III) 91 [129] 

 



Angiogenesis and melanoma 

 
 
861                                                                                                            Am J Cancer Res 2011;1(7):852-868 

at 8-12 months. This is thought to be mediated 
via upstream receptor tyrosine kinases such as 
N-RAS signalling via alternative compensatory 
pathways such as AKT and mTOR. It is reason-
able to anticipate therefore that targeting these 
pathways with inhibitors may prolong the effec-
tiveness of BRAF inhibitors [116].  
 
Why doesn’t it work? 
 
Despite early hopes that anti-angiogenic thera-
pies would offer a turning point in oncology, 
progress in the treatment of melanoma has 
been limited. Some patients simply show no 
response, while others show partial response, 
quickly followed by further progression. There 
are many possible issues that may underlie this, 
and it is possible that for each patient the pre-
cise mechanisms are specific, further complicat-
ing the challenge of circumventing these prob-
lems. 
 
Drug resistance 
 
Lee Ellis elegantly describes the idea of inher-
ent and acquired resistance to anti-angiogenic 
therapy [66]. He highlights the need to consider 
whether a particular tumour type best responds 
to anti-VEGF monotherapy, suggesting resis-
tance is modulated via the VEGF pathway alone, 
or (as is more likely the case in melanoma) clini-
cal benefit is most commonly seen in poly ther-
apy – and thus a more complex interplay of re-
sistant pathways and mutations will exist. Ellis 
clearly dissects the many diverse mechanisms 
through which this resistance may develop from 
compensatory signalling pathways and interplay 
with the surrounding microenvironment, to re-
cruitment of myeloid cells and resistance medi-
ated via the combined chemotherapy rather 
than the anti-VEGF drug. As frequently evi-
denced in pre-clinical models, success may lie 
in the combination of therapies, whether that be 
in the form of targeting multiple angiogenic 
pathways simultaneously, sequencing different 
anti-angiogenic therapies as resistance devel-
ops, or combining alternative chemo or bio-
therapies with anti-angiogenics.  
 
There remain a number of pathways in angio-
genesis that are yet to be fully understood. For 
example, the identification of novel inhibitory 
isoforms of VEGF in both the kidney and renal 
cell carcinoma [40, 41]. This has lead to the 
description of inhibitory isoforms of VEGF in 

melanoma that follow a non-metastatic course, 
in contrast to a loss of this expression in aggres-
sive tumours that have metastasised, in many 
cases despite being apparently early stage, thin 
primary lesions [44]. This underscores the com-
plexities of angiogenic control, and until these 
pathways, and the often surprising route they 
take to a final destination are better under-
stood, it is possible that we will not fully compre-
hend the many possible resistance mecha-
nisms. 
 
Advanced drug targeting 
 
It would be naïve of us to consider all the differ-
ent available therapies as being simply inter-
changeable; some combinations cause unex-
pected increases in toxicity such as seen with 
sorafenib followed by bevacizumab [106], 
whereas others may be truly synergistic. Clini-
cians also have a duty to look beyond the PR 
rate, the SD rate and OS rate and remain aware 
of changes in performance status, co-morbidity 
and quality of life for the patients receiving 
these treatments.  
 
As we increasingly appreciate the heterogeneic 
nature of melanoma, the issue of biomarkers to 
predict an individual patient’s most efficacious 
treatment regimen, remains relevant. Not least 
because in the UK, bevacizumab has been de-
nied funding by the regulatory body NICE (in 
spite of encouraging outcomes in trial) because 
it is simply not deemed effective enough across 
the entire trial population. Were we able to relia-
bly identify sub-populations of patients to re-
ceive high cost therapies that in fact deliver 
impressive outcomes, the story may be very 
different.  
 
Other problems 
 
There is now growing evidence to support the 
occurrence of ‘vasculogenic mimicry’ in cutane-
ous melanoma, in which aggressive tumour 
cells are able to begin to form vascular chan-
nels that are devoid of endothelial cells [117, 
118]. Although there is still some debate as to 
the exact nature of these channels, it does raise 
the concern that many anti-angiogenic thera-
pies may fail to target these channels and thus 
tumour perfusion would continue unfettered. 
This suggests the need for an anti-angiogenic 
agent that will target the pathways that drive 
both classical neovascularisation and vascu-
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logenic mimicry, such as the use of MMP inhibi-
tors, with several MMPs including MT1-MMP 
having been implicated in channel formation 
[117, 119, 120]. However as yet clinical trials 
utilising MMP inhibitors have been relatively 
unsuccessful with the reporting of significant 
toxicity and limited effectiveness [70, 72, 115]. 
Alternatively, it may necessitate the use of a 
combination of therapies in which an anti-
angiogenic is combined with conventional che-
motherapy, such that any regions of tumour 
supported by vascular channels that fail to re-
spond to the anti-angiogenic treatment itself, 
are still targeted with an alternative therapeutic 
strategy [117]. This is further supported by the 
demonstration of the highly heterogeneic nature 
of melanomas, with some melanoma cells hav-
ing been shown to successfully withstand both 
hypoxia and metabolic stress, suggesting they 
may not be susceptible to anti-angiogenic ther-
apy alone [121, 122]. This appears to be well 
reflected in patients, with increasing successes 
reported when anti-angiogenic treatments have 
been combined with conventional chemother-
apy. 
 
Future directions 
 
It is conceivable that clinicians and scientists 
caring for patients with melanoma, and seeking 
new strategies to treat this unpredictable and 
aggressive disease, stand at the dawn of a new 
era in melanoma therapy with the emergence of 
some of the first ever credible adjuvant thera-
pies. It is anticipated that anti-angiogenics will 
continue to develop as part of the cocktail of 
drugs needed to reduce the burden of disease, 
and maintain metastases in quiescence. We 
wait to see if the AVAST-M Trial will describe a 
new and credible role for bevacizumab in early 
disease, and constantly strive to understand the 
subtle complexities of angiogenesis that we may 
control this phenomenon for benefit of our cur-
rent, and future patients. 
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