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Novel investigational Novel investigational Novel investigational Novel investigational Vascular Endothelial Growth Factor (Vascular Endothelial Growth Factor (Vascular Endothelial Growth Factor (Vascular Endothelial Growth Factor (VEGFVEGFVEGFVEGF))))    

receptor antagonists for psoriasisreceptor antagonists for psoriasisreceptor antagonists for psoriasisreceptor antagonists for psoriasis    

ABSTRACTABSTRACTABSTRACTABSTRACT    

Introduction:Introduction:Introduction:Introduction: Affecting 1 million people in the UK, psoriasis is a commonly 

diagnosed inflammatory disease arising from autoimmune processes that are 

triggered by environmental factors in genetically susceptible individuals. The 

pathophysiology of psoriasis has been widely studied and there is evidence 

that angiogenesis is a key component. 

Areas covered:Areas covered:Areas covered:Areas covered: In this review the role of vascular endothelial growth factor-A 

(VEGF), as a key angiogenic mediator in psoriasis pathogenesis is discussed.  

VEGF is found in higher levels in plaques, normal skin and plasma of patients 

with psoriasis. The level of VEGF also fluctuates in accordance with disease 

activity and in response to conventional treatments. There are several VEGF 

inhibitors currently licenced for use; primarily in the fields of oncology and 

there are case reports of patients being treated with these therapies for 

metastatic cancer who have demonstrated significant improvement in their 
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psoriasis. VEGF inhibitory agents have suggested promising utility for the 

treatment of psoriasis following animal studies. 

Expert opinion:Expert opinion:Expert opinion:Expert opinion: VEGF may represent a novel treatment target in psoriasis.  

However, VEGF inhibitors can cause significant side effects such as 

hypertension and left ventricular dysfunction. The risks of treatment must be 

carefully evaluated before VEGF inhibitors are trialled or advocated for 

psoriasis. 

    

    

1.1.1.1.    INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

In the UK, 1 million people are affected by psoriasis.(1) The visible nature of 

the disease and its relapsing-remitting nature can have a profound effect on 

the psychological well-being of individuals with psoriasis.(2) Psoriatic arthritis 

and metabolic syndrome are systemic manifestations of the disease.(3) 

 

Psoriasis vulgaris, chronic plaque psoriasis, is the most commonly diagnosed 

psoriasis subtype.  The cardinal features of the disease include – thickened, 
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erythematous, scaly plaques which are well circumscribed on the surrounding 

normal-looking skin. (4)  Plaques of psoriasis are histologically characterised 

by: 1) infiltration of inflammatory cells into the dermis and epidermis; 2) 

hyperplasia of the epidermis; 3) altered differentiation of keratinocytes and; 4) 

angiogenesis in the dermis.(5, 6) 

 

Both environmental and genetic factors play a role in the aetiology of 

psoriasis. Psoriasis pathophysiology has an autoimmune basis and T helper-1 

cells and T helper-17 cells have been highlighted as key components of the 

condition. In addition, endothelial cells, monocytes, neutrophils, dendritic cells 

and keratinocytes are involved in the inflammatory response in psoriasis.(7) 

Angiogenesis has also been recognised as a key, early feature of psoriasis.   

 

It is well established that VEGF is an important mediator of pathological and 

physiological angiogenesis.  VEGF stimulates mitosis in endothelial cells and 

increases vascular permeability and also contributes to chemotaxis and 

activation of monocytes.(8) VEGF is synthesised in the keratinocytes of the 
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epidermis and augmented levels are found in both the plasma and psoriatic 

plaques in psoriasis sufferers. The level of circulating VEGF corresponds with 

the level of disease activity.(7-9) 

 

Current treatments for psoriasis such as cyclosporine(10), infliximab(11), 

psoralen ultraviolet A (PUVA) phototherapy(12), fumaric acid esters(13, 14) 

and acitretin(9) have diminished plasma levels of VEGF in patients with 

psoriasis. Animal studies have shown that anti-VEGF therapy can inhibit 

angiogenesis and can rectify immunological and epidermal changes in 

psoriasis.(15) However, VEGF receptor antagonists are not currently licensed 

for the treatment of psoriasis; although they are used for the treatment of 

metastatic malignancy.(16, 17)  

 

This article will review the current literature on VEGF receptor antagonists and 

highlight further research findings since the time of our last publication in this 

area. 

 

Page 4 of 39

URL: http://mc.manuscriptcentral.com/eoid  Email: David.Grech@informa.com

Expert Opinion On Investigational Drugs

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

5 

 

 

2.2.2.2.    VEGFVEGFVEGFVEGF    

 VEGF is a key angiogenic cytokine in both physiological and pathological 

contexts.(8, 18, 19) It is now understood that VEGF belongs to a family of 

closely related vascular growth factors that have a unique role in controlling 

growth and differentiation of multiple anatomic components of the vascular 

system.  In addition to VEGF (also known as VEGF-A) the VEGF-family also 

includes placental growth factor (PlGF), VEGF-B, VEGF-C, VEGF-D and a 

viral form, VEGF-E.(20) In the remainder of this paper VEGF-A will be 

referred to as VEGF. 

 

The human VEGF gene has nine possible exons and consequent upon 

alternative exon splicing a number of different VEGF isoforms, of varying 

amino acid length, can be generated.(21) Commonly occurring VEGF 

isoforms include - VEGF121, VEGF165, VEGF189, VEGF206.(22) VEGF 

specifically stimulates mitosis in endothelial cells, increases vascular 
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permeability, and contributes to chemotaxis and activation of monocytes. (19, 

21, 23) 

 

VEGF ligands selectively bind to VEGF receptors (VEGFR)s which are 

tyrosine kinases (TK)s.(24) VEGF itself binds with a high level of affinity to two 

receptor TKs, VEGFR-1 and VEGFR-2, both of which are found on the cell 

surface membrane of endothelial and bone marrow derived cells.(25)  

 

 

3.3.3.3.    VEGF IN PSORIASISVEGF IN PSORIASISVEGF IN PSORIASISVEGF IN PSORIASIS    

VEGF is synthesised in the keratinocytes of the epidermis and increased 

levels are found in both the normal and affected skin of psoriasis sufferers 

and the quantity of circulating VEGF is associated with the degree of psoriasis 

activity.(26) In addition, elevated plasma levels of VEGF are associated with 

early onset psoriasis (onset before the age of 40 years) and psoriatic 

arthritis.(27)  
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Polymorphisms of the VEGF gene have been found to be associated with 

psoriasis which occurs before the age of 40 years.(28, 29) The PSORS1 

genetic locus has been implicated in the inheritance of psoriasis and is 

located near to the VEGF gene on chromosome 6p21. Despite this, linkage 

disequilibrium has not been demonstrated between the VEGF gene and the 

PSORS 1 locus. (30) 

 

Some systemic therapies which are currently used / licenced for the treatment 

of psoriasis treatment have been associated with a reduction in plasma levels 

of VEGF in patients with psoriasis.(31) A meta-analysis of 13 studies 

concluded that significantly increased serum levels of VEGF were found in 

patients with psoriasis in comparison to healthy control subjects prior to 

initiation of treatment with narrow band UVB. Furthermore, there was a 

documented significant overall decrease in VEGF levels in psoriasis sufferers 

after successful treatment. (32) 
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In contrast, other groups have reported that successful treatment of psoriasis 

with narrow-band (NB)-UVB and retinoid (re)-PUVA has been associated with 

increased plasma levels of VEGF.(33) Possible mechanisms, underlying 

these seemingly contradictory findings, could include increased epidermal 

proliferation following UVB exposure and individual variability in the response 

of patients to retinoid therapy.(4) It is possible that retinoid treatment causes a 

rebound increase in VEGF levels due to increased production of VEGF by 

mononuclear cells in some patients.(34) In addition, in vivo studies have 

demonstrated that UV light can provoke epidermal hyperplasia and that 

exposure to UVB can result in upregulation of VEGF in the skin.(35) We have 

previously speculated that a similar process may occur in the irradiated skin of 

many patients but that the balance remains in favour of a beneficial 

therapeutic effect via other mechanisms. (4)    

 

Xia et al. described the development of psoriasiform skin lesions in transgenic 

VEGF mice. Clinically, histologically and immunologically, the skin lesions 

demonstrated the characteristic features of psoriasis; including the koebner 
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phenomenon. Raised levels of VEGF were observed in the epidermis, dermis 

and plasma of the mice. Administration of a VEGF antagonist lead to clinical 

resolution of the psoriasis-like lesions and rectified the immunological 

changes in the skin.(15) 

 

A study on K14-VEGF transgenic mice showed that IBI303, a fully human 

recombinant TNF- α decoy receptor agent, had both anti-inflammatory and 

anti-angiogenic effects. TNF-α performs a key function in the stimulation of 

VEGF expression, and is thus implicated in the process of angiogenesis. It 

was suggested that the probable benefit of treatment with TNF- α inhibitors to 

patients with psoriasis was the observed dual inhibition of both angiogenesis 

and inflammation.(36) 

 

A study into the effect of honokiol (HK) in psoriasis further highlighted the role 

of TNF- α in angiogenesis. It was observed that HK had anti-inflammatory and 

anti-angiogenic effects through reduction of the ratio of Th1/Th2 expression in 

CD4(+) T cells, thereby reducing the level and availability of VEGFR-2.  This 

Page 9 of 39

URL: http://mc.manuscriptcentral.com/eoid  Email: David.Grech@informa.com

Expert Opinion On Investigational Drugs

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

10 

 

in turn resulted in inhibition of TNF- α induced activation of NF-κB. Mice 

treated with HK demonstrated morphological and histological improvement in 

psoriasis-like lesions.(37) 

 

 

4.4.4.4.    PHARMACEUTICAL VEGF INHIBITIONPHARMACEUTICAL VEGF INHIBITIONPHARMACEUTICAL VEGF INHIBITIONPHARMACEUTICAL VEGF INHIBITION    

Therapies that act specifically upon VEGF are not currently licensed for the 

treatment of psoriasis.  However they are licenced and used for the treatment 

of other diseases including malignancies and ophthalmic conditions.(38, 39)    

 

Currently available anti-VEGF agents target VEGF in a variety of ways 

including: 

1) Blockade of the interaction between VEGF and its receptors, for example 

VEGF receptor antagonists such as aflibercept and pegaptanib. 

2) Inhibition of VEGF receptor function. Examples of drugs which have this 

mechanism of action include: sunitinib, sorafenib, vandetanib, pazopanib. 
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3) Direct inhibition and targeting of VEGF by monoclonal antibodies, such as 

bevacizumab and ranibizumab. (4) 

 

    

5.5.5.5.    VEGF INHIBITION IN CASES OF PSORIASISVEGF INHIBITION IN CASES OF PSORIASISVEGF INHIBITION IN CASES OF PSORIASISVEGF INHIBITION IN CASES OF PSORIASIS    (Table 1)(Table 1)(Table 1)(Table 1)    

5.15.15.15.1    Tyrosine Kinase InhibitorsTyrosine Kinase InhibitorsTyrosine Kinase InhibitorsTyrosine Kinase Inhibitors    

Tyrosine kinases are a type of human kinase enzyme which function by 

facilitating phosphorylation of a target protein, such as a transcription factor, 

which leads to structural alteration and thereby a change in activity in the 

target protein.(40) 

 

TK inhibitors (TKI)s are small molecules which can travel across the plasma 

membrane of a cell and influence TK mediated activity within the cell.(41) 

TKIs can exert their effect on numerous kinase receptors and influence a 

range of physiological mechanisms including angiogenesis through direct 

action on VEGFR.(42)  
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There are 3 categories of TKIs, which are classified or grouped according to 

their mechanism of action. Type I TKIs competitively inhibit ATP binding to the 

activated kinase enzyme. Sunitinib is classified as a Type I TKI. Type II TKIs 

indirectly compete with ATP by binding to the receptor kinase in its structurally 

inactive form. Sorafenib is included within this category. Type III TKIs are 

covalent inhibitors which form a covalent bond between cysteines and specific 

sites on the kinase. Vandetanib is an example of a type III TKI.(42)(43) 

 

5.15.15.15.1.1.1.1.1    SunitinibSunitinibSunitinibSunitinib    

In 2007 sunitinib was granted a licence for the treatment of renal carcinoma 

and advanced gastrointestinal stromal tumour.(43) The drug acts by inhibiting 

the TK domain on the VEGFR. Two case reports have been described of 

patients with pre-existing psoriasis being treated with sunitinib for metastatic 

renal cell carcinoma. In both cases, the patients noted a marked improvement 

in their psoriasis which was temporally related to the time of their treatment. 

(44) 
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In the first case, a male patient with metastatic renal cell carcinoma (and a 20-

year history of psoriasis) was randomised to receive interferon alpha (IFN-α) 

treatment in a randomised control trail, comparing the efficacy of IFN-α to 

sunitinib. His treatment was discontinued after 6 months due to increasing 

severity of his psoriasis. IFN-α has been implicated in exacerbation of 

psoriasis in some patients and it was therefore substituted for sunitinib four 

weeks later. Introduction of sunitinib was associated with significant clearance 

of psoriasis.  Furthermore, clinical improvement was associated with the 

timing of subsequent treatment cycles.  Significant improvement in psoriasis 

was observed during each 4 week sunitinib treatment cycle and a decline 

psoriasis control was observed during the two weeks between treatment 

cycles. (45) 

 

In the second case, a 60 year old male patient (with a 5-year history of 

psoriasis) commenced sunitinib treatment, for metastatic renal cell carcinoma. 

Two weeks after initiation of sunitinib treatment, the patient’s psoriasis 

demonstrated considerable improvement. Similar to the previous case, the 
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skin lesions were better during the 4 week cycles of sunitinib treatment and 

worse during the 2 week interval between treatment cycles.(46)  The patient 

was treated with sunitinib for 3.5 years, and throughout this time there was a 

sustained and clinically significant improvement in his psoriasis. 

 

Notably both patients with psoriasis tolerated treatment with sunitinib well.  

Alteration in taste was noted in one patient; and grade II fatigue and stomatitis 

was documented by the other. (45)(46) 

 

5.5.5.5.1.1.1.1.2222        SorafenibSorafenibSorafenibSorafenib    

Sorafenib is an oral multikinase inhibitor and acts upon the TK component of 

the VEGFR. The drug is currently licensed for the treatment of advanced renal 

cell carcinoma and liver cancer which is not suitable for resection. (47) 

 

A case report describes a 78 year old male patient who had a 56 year history 

of psoriasis and was treated with sorafenib for metastatic renal cell 

carcinoma. After 3 weeks of treatment with sorafenib there was marked 
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improvement in the patient’s psoriasis.  In particular there was resolution of a 

recalcitrant plaque of psoriasis on the posterior mid-thorax after 1-month and 

after 4-months of sorafenib the patient was entirely clear of psoriasis. 

 

5.25.25.25.2    Monoclonal Antibody TherapyMonoclonal Antibody TherapyMonoclonal Antibody TherapyMonoclonal Antibody Therapy    

5.2.15.2.15.2.15.2.1        BevacizumabBevacizumabBevacizumabBevacizumab    

Bevacizumab is a recombinant, humanised VEGF monoclonal antibody 

derived from mouse anti-VEGF antibodies.(48)  Bevacizumab was initially 

licensed in the United States as a first line treatment agent for metastatic 

colon cancer.(49) It is also used more widely as a second line treatment for 

other oncological conditions and is used off-licence for a variety of ophthalmic 

conditions, including diabetic retinopathy and wet Age Related Macular 

Degeneration (AMD).(50)  

             

A 2009 case report documented a 60 year old male patient being treated with 

bevacizumab for metastatic colon cancer.(51) The patient had a 40 year 

history of psoriasis that covered 40% of his body surface area. Forty-five days 
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after the initiation of bevacizumab treatment, clinical improvement of the 

psoriasis lesions was noted and this was maintained on 3 month follow up. 

Although no side effects were reported specifically in this case report, the 

most significant side effects of systemically administered bevacizumab are 

hypertension and proteinuria.(23, 45) 

 

In 2014, a case report describing a beneficial effect of bevacizumab treatment 

on both psoriasis and psoriatic arthritis (PsA) was published.(52) In summary, 

a 65 year old gentleman, with a past medical history of psoriasis for 40 years 

and psoriatic arthropathy for 30 years, was commenced on treatment with 

bevacizumab and IFN- α for metastatic renal carcinoma.  At the time of 

presentation, the patient had had active psoriasis for 20 years having an 

arthritis disease activity score (DAS)28 of 6.8, with polyarthritis affecting the 

wrist joints, metocarpophalangeal joints, proximal and distal interphalangeal 

joints. In addition, he had significant, active psoriasis affecting 50% of his 

body surface area (BSA). (52) 
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Following treatment with bevacizumab there was considerable improvement 

in both the psoriatic plaques (<1% BSA affected after 3 months of treatment) 

and the amount of active synovitis (DAS28 of 2.8 at 24 months).(52) This 

response suggested that treatment with bevacizumab may counteract the 

deleterious effect of IFN- α on psoriasis. 

 

However, due to asymptomatic proteinuria, the bevacizumab therapy was 

changed to first sorafenib and then to sunitinib. Following this change, there 

was a recurrence of both the psoriasis and the PsA.(53)  Due to an increased 

serum creatinine, sunitinib was discontinued and bevacizumab was reinstated 

at a lower dose. This treatment was tolerated well with no major side effects 

and a remission in both the psoriasis and PsA was observed again.(52) 

 

The significant improvement seen with bevacizumab, but not with sunitinib 

is intriguing.  However, it is well recognised that individuals with psoriasis 

can display variable responses to treatment for the disease.  In addition, 

stresses, such as systemic illness, are known to exacerbate psoriasis. 
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Removal of such stressors can be associated with improvement of 

psoriasis and it may be that response to treatment of the underlying 

malignancy contributed to the improvement in the skin disease. 

 

5.35.35.35.3    Safety and Safety and Safety and Safety and TolerabilityTolerabilityTolerabilityTolerability    

The side effects commonly observed from sorafenib are similar to sunitinib, 

and include diarrhoea, hand-foot syndrome, alopecia, desquamating skin 

rash, fatigue and hypertension. Side effects usually manifest early in the 

treatment and are mild to moderately severe.(47) 

 

There may be a concerning association between TKI treatment and 

cardiovascular events, including impaired left ventricular function, congestive 

cardiac failure and hypertension. This association is currently unconfirmed by 

previous studies and requires further research.  Both sunitinib and sorafenib 

have not been assessed for efficacy and safety in psoriasis management. (54-

57) 
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The most common side effects of bevacizumab treatment include 

hypertension (36% of patients) and proteinuria (21-64% of patients).(58) In 

patients with cancer there are reports of increased risk of thrombotic events, 

haemorrhage (including gastrointestinal perforation) and delayed wound 

healing.(59)     

 

 

6. 6. 6. 6.     EMERGING EVIDENCE FOR EFFICACY IN PSORIASISEMERGING EVIDENCE FOR EFFICACY IN PSORIASISEMERGING EVIDENCE FOR EFFICACY IN PSORIASISEMERGING EVIDENCE FOR EFFICACY IN PSORIASIS    (Table 2)(Table 2)(Table 2)(Table 2)    

6.1 6.1 6.1 6.1     VEGF receptor VEGF receptor VEGF receptor VEGF receptor blockadeblockadeblockadeblockade    

6.1.16.1.16.1.16.1.1    Blockade of VEGFRBlockade of VEGFRBlockade of VEGFRBlockade of VEGFR----1 and VEGFR1 and VEGFR1 and VEGFR1 and VEGFR----2 by monoclonal antibodies2 by monoclonal antibodies2 by monoclonal antibodies2 by monoclonal antibodies    

The monoclonal rat antibodies MF-1 and DC101 bind to and inhibit the 

function of VEGFR-1 and VEGFR-2 respectively. An in vivo study, where 

MF-1 and DC101 were administered simultaneously by intraperitoneal 

injection to wild-type mice, demonstrated a marked reduction in skin 

inflammation that had been experimentally induced in the mice.  Further 

analysis revealed that inflammation, oedema and lymphatic vessel size 

were significantly diminished in the treated mice when compared with the 
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placebo treated group. Single administration of either antibody had no 

significant influence on the inflammatory skin reaction and single 

administration of the anti-VEGFR-1 antibody only significantly reduced 

infiltrating CD11b+ macrophages. This study suggested that dual 

administration of MF-1 and DC101 was required to induce resolution of 

skin inflammation. (60)  

 

6.6.6.6.1.1.1.1.2 A2 A2 A2 Afliberceptfliberceptfliberceptflibercept    

Aflibercept is a fusion protein which contains binding domains which mimic 

human VEGFR-1 and VEGFR-2. It binds to circulating VEGF, VEGF-B and 

PIGF, having markedly greater affinity than bevacizumab and therefore acts 

as a decoy receptor.(61) Aflibercept is licenced for the treatment of wet age-

related macular degeneration and is administered by intravitreal injection. One 

advantage of treatment with aflibercept in comparison to bevacizumab, 

ranibizumab and pegaptanib is that the therapeutic effect of aflibercept is 

longer lasting and therefore treatment can be administered to patients less 

often.(62)  Aflibercept could potentially be used for a broad range of 
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malignancies, including adenocarcinoma of the lung(63), inoperable malignant 

melanoma (64) and metastatic colorectal cancer.(65) 

 

Psoriasiform lesions, experimentally induced, on the skin of VEGF-transgenic 

mice demonstrated marked resolution, both clinically and on histological 

examination, following administration of aflibercept. Specifically, histological 

assessment demonstrated normalisation of the rete ridges, and a reduction in 

parakeratosis and vascular hyperplasia. Immunohistochemical staining 

demonstrated that CD8+ lymphocyte infiltration in the epidermis was no 

longer detectable and that markers of abnormal epidermal differentiation and 

vascular inflammation were significantly reduced.(15)  

 

6.1.36.1.36.1.36.1.3    ValphaValphaValphaValpha    

Valpha is a chimeric fusion protein that exerts its effects on VEGF by acting 

as a decoy receptor. It contains the binding domain of VEGFR-1 for VEGF, 

the binding site of the TNF receptor 2 for TNF- α and the Fc portion of human 

immunoglobulin G1 (IG1). To date, there have been no studies of Valpha in 
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humans.  However, in vitro studies have demonstrated that Valpha binds to 

TNF- α and VEGF simultaneously and that this leads to reduced activation of 

cultured lymphatic endothelial cells and diminished migration of cultured 

vascular endothelial cells.(66) 

 

In an in vivo study, Valpha was administered to VEGF transgenic mice over a 

2 week period. The results were promising; showing reduced epidermal 

hyperplasia, and decreased blood and lymphatic vessel surface area in 

comparison with control mice that were treated with either etanercept or 

aflibercept.(66) 

 

6.6.6.6.2 2 2 2         Impairment ofImpairment ofImpairment ofImpairment of    VEGFRVEGFRVEGFRVEGFR    functionfunctionfunctionfunction    

6.2.16.2.16.2.16.2.1    NVPNVPNVPNVP----BAW2881BAW2881BAW2881BAW2881    

Created for the Novaris TKI programme, NVP-BAW2881 targets the TK 

domain of VEGFR-2.(67) The molecule has shown significant potency, and 

nanomolar concentrations have been shown to reduce proliferation and 

migration of endothelial cells and inhibit endothelial tube development.(67) 
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NVP-BAW2881 is different from other anti-angiogenic treatments as it can be 

formulated as both oral and topical preparations. Topical administration of 

bevacizumab could overcome some of the concerning side effects of orally 

administered anti-VEGF agents, including haemorrhage and gastro-intestinal 

perforation.(67) 

 

Oral administration of NVP-BAW2881 demonstrated greater efficacy than 

topical administration. Trans-genic mice with psoriasis-like lesions were 

randomised to receive either oral or topical NVP-BAW2881 for a 14 day 

treatment period. In comparison to control treated mice, both preparations of 

NVP-BAW2881 effected a significant reduction in cutaneous inflammation and 

lymph node enlargement. Histologically, the skin lesions demonstrated 

reduced infiltration of leucocytes; reduced epidermal hyperproliferation and 

hyperkeratosis and inhibition of angiogenesis as evidenced by a decrease in 

size and number of blood vessels.(67) 
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7.7.7.7.    CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

There is good evidence supporting a role for angiogenesis in the 

pathogenesis of psoriasis. However, both environmental and genetic factors 

contribute to the manifestation of psoriasis and the aetiology of the disease is 

multifactorial. Thus, it seems probable that targeting treatment at 

angiogenesis alone will not be of benefit to all patients. 

 

Nevertheless, VEGF inhibition appears promising as a useful treatment target 

in psoriasis. There are a variety of treatment possibilities worthy of further 

investigation.  Of particular clinical interest are the TKI agents, as these could 

provide an opportunity for topical formulation and administration, thus 

overcoming safety concerns and increasing cost effectiveness. Decoy 

receptors such as Valpha that exert their effects on VEGF and TNF- α are 

also especially promising in the treatment of psoriasis.  However, further 

investigation into the safety profile of these putative therapies needs to be 

carried out as the side effect profile could be a cause for concern in the 

psoriasis population. 
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8888....    EXPERT OPINIONEXPERT OPINIONEXPERT OPINIONEXPERT OPINION    

Treatment efficacy in chronic plaque psoriasis has been observed following 

treatment with anti-VEGF therapies.  This is not surprising given that 

angiogenesis and VEGF, in particular, are fundamental to the development of 

psoriasis and the wealth of pre-clinical and in vivo data supporting the 

potential clinical benefit from such therapy. However, VEGF inhibitors are 

frequently used in the treatment of ophthalmic conditions and oncology and to 

date, there have only been a small number of case reports published that 

have documented treatment benefit in chronic plaque psoriasis. It may be that 

the clinical improvement of psoriatic plaques in patients receiving treatment 

for other diseases is not recognised by physicians who are not specialists in 

dermatology. Or a reflection that current anti-VEGF therapy does not 

sufficiently downregulate the inflammatory angiogenesis observed in the skin 

in the majority of patients with psoriasis.  Certainly, the data from pre-clinical 

studies is mostly in animal models and therefore extrapolation of the 
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hypothesis that anti-VEGF therapy could represent a useful therapeutic 

strategy in patients with psoriasis into the real-world setting needs further 

evaluation. 

 

Inhibition of both VEGFR-1 and VEGFR-2 by dual administration of G6-31 

and DC101 or aflibercept therapy has generated promising clinical results in 

murine studies. (68, 69) However, caution must be used when extrapolating 

these results into the dermatology clinic, as murine models cannot mimic the 

complexity of interaction between genetic and environmental factors that 

underlie psoriasis. (70) It may be that pharmaceutical inhibition of VEGF may 

affect mice, some of which have transgenically upregulated levels of VEGF in 

the skin, more markedly than human subjects with psoriasis.(69) 

 

Nevertheless, novel antibody treatment originating from phage libraries may 

facilitate translational research, as cross-species cross-reactivity is a risk with 

older antibodies such as bevacizumab; due to its production process involving 

humanisation of a murine protein.  Genetically engineered antibodies, 
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including the G6 group of antibodies, may be more therapeutically effective 

agents as they bind with greater affinity to VEGF and more securely to 

VEGFRs.  

 

It has been well established that psoriasis is associated with a high 

prevalence of major cardiovascular events; for this reason, VEGF inhibitors 

pose potentially concerning risks to psoriasis patients, as side effects include 

hypertension, left ventricular dysfunction and gastrointestinal perforation.  

 

Patient response to anti-VEGF treatment for ophthalmic conditions can be 

predicted by genetic markers; it be would be of great utility if such markers 

could be identified in psoriasis as treatment could be more appropriately 

targeted, leading to improved efficacy and safety profile.(71) 

 

 

Article highlights. 

• VEGF mediated angiogenesis contributes to pathophysiology of 
psoriasis 
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• The amount of VEGF in the plasma and skin fluctuates in line with 
clinical disease severity and in response to treatment. 

• TNF- α upregulates VEGF expression.  Experimental agents IBI303 
and honikiol have demonstrated the anti-angiogenic effects of TNF – α 
inhibition. 

• Case reports detailing clinical improvement of psoriasis in patients 
treated with anti-VEGF drugs for cancer have been published. 

• Murine studies have demonstrated efficacy of anti-VEGF agents in the 
treatment of psoriasiform skin lesions. 
o MF-1 and DC101 –monoclonal antibodies to VEGFR-1 and 

VEGFR-2 
o Valpha – a chimeric decoy receptor which targets VEGF and TNF- 

α 
o NVP-BAW2881 – a receptor tyrosine kinase that can be 

administered orally or topically 
o G6-31 – a monoclonal antibody with high binding affinity for mouse 

and human VEGF 
• Despite the evidence base supporting the utility of anti-VEGF therapy 

for the treatment of psoriasis, further research is required and safety 
concerns must be addressed before use in dermatological practice. 
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Table 1. Licensed vascular endothelial growth factor inhibitors reported to affect coexisting psoriasis during treatment of malignancy 
 

 

 

 

 

YearYearYearYear    AuthorAuthorAuthorAuthor    DrugDrugDrugDrug    Mechanism Mechanism Mechanism Mechanism 
of of of of actionactionactionaction    

Indication Indication Indication Indication 
for for for for 
treatmenttreatmenttreatmenttreatment    

Preceding Preceding Preceding Preceding 
duration of duration of duration of duration of 
psoriasispsoriasispsoriasispsoriasis    

Effect of Effect of Effect of Effect of 
treatment treatment treatment treatment on on on on 
coexisting coexisting coexisting coexisting 
psoriasispsoriasispsoriasispsoriasis    

Duration of effectDuration of effectDuration of effectDuration of effect    

2007 Keshtgapour 
et al 46 

Sunitinib 
(SU-011248) 

Receptor 
tyrosine 
kinase  
inhibitor 

Metastatic 
renal cell 
carcinoma 

20 “Virtual 
clearance” 

Throughout treatment with cyclical 
exacerbations 

2009 Akman et al 
51 

Bevacizumab Anti-VEGF 
monocloncal 
antiobody 

Metastatic  
colon 
carcinoma 

40 Reduction in 
PASI from 
16.8 to 1.4 

At least 3 months (duration of 
follow-up) 

2010 Fournier et 
al 47 

Sorafenib Multikinase 
inhibitor 

Metastatic 
renal clear 
cell 
carcinoma 

56 Clearance of 
longstanding 
plaques 

4 months until change of treatment 
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2010 Narayanan 
et al 45 

Sunitinib Receptor 
tyrosine 
kinase 
inhibitor 

Metastatic 
renal cell 
carcinoma 

5 “Significant 
improve” 

3.5 years; on-going therapy with 
cyclic exacerbations 

2014 Datta-Mitra 
et al 52 

Bevacizumab Anti-VEGF 
moncloncal 
antibody 

Metastatic 
renal 
carcinoma 

40 Reduction 
from 50% 
BSA 
coverage to 
<1% 
coverage 

Throughout treatment 
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Table 2. Preclinical murine studies investigating possible vascular endothelial growth factor inhibitors 

YearYearYearYear    AuthorAuthorAuthorAuthor    AgentAgentAgentAgent    Route of Route of Route of Route of 
administrationadministrationadministrationadministration    

Mechanism of Mechanism of Mechanism of Mechanism of 
actionactionactionaction    

Principal findings in treated micePrincipal findings in treated micePrincipal findings in treated micePrincipal findings in treated mice    

2003 Xia et al 15 VEGF-
Trap 

Subcutaneous 
injection 

Fusion protein 
(decoy 
receptor) 

Improved clinical appearance, normalisation of clinical 
features, including reduction in parakeratosis, vascularity, 
epidermal markers 

2004 Kunsfeld et 
al 60 

MF-I and 
DC 101 

Intraperitoneal 
injection 

Rat anti-
VEGFR-1 
mAb and anti 
VEGFR-2 
mAb 

Decreased skin inflammation, oedema and lymphatic vessel 
enlargement 

2008 Halin et al 
67 

NVP-
BAW2881 

Oral or topical Receptor 
tyrosine 
kinase 
inhibitor 

Both formulations effective oral > topical, improved clinical 
appearance, decreased number and size of blood vessels, 
normalisation of histological features, including decreased 
leucocyte infiltration 

2009 Schonthaler 
et al 69 

G6-31 Anti-VEGF mAb Subcutaneous 
injection 

Improved clinical appearance, normalisation of histology 
features including decreased epidermal thickness, vascularity 
and leucocyte infiltration 
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2011 Jung et al 
66 

Valpha Chimeric fusion 
protein (anti-
TNF and anti-
VEGF decoy 
receptor) 

Subcutaneous 
injection 

Decreased epidermal hyperplasia, blood vessel area and 
lymphatic area 

2015 Wen et al 37 Honokiol 
(HK)  

Reduces 
Th1/Th2 
expression in 
CD4(+) T cells 

Topical 
application 

Clinical and histological improvement of lesions 

2015 Liu et al 36 IBI303 TNF- α decoy 
receptor 

Subcutaneous 
application  

Clinical and histological improvement of lesions 
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