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Angiogenesis inhibitors (AIs)

• TIMP
• Thalidomide
• Suramin and analogues
• Fumagillin and TNP470 
• Endostatin
• Angiostatin 
• Anti-VEGF(R) Ab
• SU5416
• SU6668
• Sunitinib (SU11248) 
• PTK787/ZK222 584
• Vandetanib (ZD6474)

• Sorafenib (Bay 43-9006)

• Cytokines
• CAI
• Arginine Deiminase
• Anginex 
• AG-013736
• Pazopanib
• Nelfinavir
• Thrombospondin
• Nicotinamide
• Heparin
• EGFR inhibitors
• COX-2 inhibitors
• Chemotherapy
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 Hyperthermia

 Photodynamic therapy

 LAK cell therapy

 Tumour necrosis factor

 Interleukins

 Interferon-gamma

 Vinka alkaloids

 Colchicine

 Arsenic trioxides

 Dolastatins

 TZT-1027

 Flavone Acetic Acid (FAA)

 DMXAA (ASA404/Vadimezan)

 CYT997

 CA4P (Fosbretabulin/Zybrestat)

 AVE8062

 ZD6126 (ANG453)

 OXi-4503

 MN-029

 NPI-2358

 BNC105

 2-methoxyestradiol

 ENMD-1198

 EPC2407 (MX116407)

 ABT-751

 Ligand-based approaches (Ab, 
peptides, growth factors)

 Radiation

Functional vessel Damaged vessel Tumour cell death

Vascular disrupting agents (VDAs)
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Reported side effects with VDAs

 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

 Pain
- Tumour 

 Gastrointestinal
- Abdominal pain/discomfort
- Gut ischemia
- Nausea
- Vomiting
- Diarrhoea
- Constipation

 Respiratory
- Dyspnoea  
- Hypoxia

 Genitourinary
- Urinary incontinence

 Musculoskeletal
- Arthralgia
- Leg weakness

 Haematological
- Thrombocytopenia
- Neutropenia

 Constitutional
- Fatigue
- Fever
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Ktrans

IAUC

DCE-MRI Necrotic fraction

 OXi-4503 (x1) 
 OXi-4503 (x4)
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 Rad
 Rad+OXi4503
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Treatment pO2 values
< 5 mmHg (%)

Relative 
necrotic fraction

Controls 51 + 6 1.0 + 0.1

FAA (150 mg/kg) 72 + 8* n.d.

DMXAA (20 mg/kg) 87 + 10* 6.3 + 0.4*

CA4P (250 mg/kg) 91 + 5* 3.1 + 0.3*

OXi4503 (50 mg/kg) 77 + 6* 4.6 + 0.5*

Clamping 97 + 2* n.d.

Vascular disrupting agents and hypoxia

Iversen et al. (2013) Acta Oncol. 52:1320-1326

FAA
 DMXAA
 CA4P
 OXi4503
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Radiation + Drug 

Treatment

TCD50 Dose

(+ 95% CI)

ER 

(+ 95% CI)

30 x 2 Gy 59 Gy (54-64) 1.0

30 x 2 Gy + OXi4503 (10 mg/kg) 52 Gy (48-57)* 1.13 (1.03-1.24)*

30 x 2 Gy + OXi4503 (25 mg/kg) 47 Gy (42-53)* 1.26 (1.13-1.41)*

3 x 15 Gy 33 Gy (24-46) 1.0

3 x 15 Gy + OXi4503 (10 mg/kg) 12 Gy (8-19)** 2.75 (1.77-4.29)**

3 x 15 Gy + OXi4503 (25 mg/kg) <1.0 Gy not possible

30x2 Gy
(10 mg/kg)

30x2 Gy
(25 mg/kg)

3x15 Gy
(10 mg/kg)

3x15 Gy
(25 mg/kg)

 Rad
 Rad+OXi
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Hyperthermia: a potent enhancer of radiotherapy

Horsman & Overgaard (1989) Hyperthermia & Oncology 2:113-45

Sarcomas Fa(), F(), S()
SQ carcinoma ()
Mammary ca. ()

Carcinoma NT ()
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Horsman & Overgaard (2007) 
Clin. Oncol. 19:418-426

 Rad alone            
 Rad+Heat             
 Rad+Oxi               
 Rad+Oxi+Heat

 Heat           
 VDA+Heat

TUMOR

SKIN
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▨ Rad
 Oxi+Rad
 Rad+Heat
 Oxi+Rad+Heat
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▨ Rad
 Oxi+Rad
 Rad+Heat
 Oxi+Rad+Heat

Tumour Skin

Treatment Enhancement Ratios
Tumour Skin    

Therapeutic
Gain

Rad-0h-Heat 1.64 (1.53-1.76) 2.17 (2.00-2.34) 0.76 (0.60-0.91)

Oxi-Rad-0h-Heat 1.70 (1.55-1.87) 2.47 (2.26-2.69) 0.69 (0.50-0.88)

Rad-4h-Heat 1.11 (1.05-1.18) 0.98 (0.89-1.07) 1.13 (1.01-1.26)

Oxi-Rad-4h-Heat 1.52 (1.38-1.67) 1.06 (1.01-1.11) 1.43 (1.22-1.65)
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Treatment TCD50 dose
(+ 95% CI)

Rad (3x15 Gy) 30 Gy (23-38)

Rad + 1xOXi 12 Gy (6-25)

Rad + 3xOXi 12 Gy (8-19)

OXi4503 

Treatment TCD50 dose
(+ 95% CI)

Rad (3x15 Gy) 30 Gy (23-38)

Rad + 1xHeat 10 Gy (7-15)

Rad + 3xHeat 9 Gy (5-17)

 Rad (3x15 Gy)
 Rad + 1xOXi
 Rad + 3xOXi

 Rad (3x15 Gy)
 Rad + 1xHeat
 Rad + 3xHeat

Hyperthermia 

Rad – 1-hour – Oxi (10 mg/kg) Rad – 4-hours – Heat (41.5OC; 60 mins)
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Radiation – 1-hour – OXi4503 – 3-hours – Heat 

Treatment TCD50 dose
(+ 95% CI)

Rad (3x15 Gy) 30 Gy (23-38)

Rad + 1xOXi/Heat 2 Gy (1-9)

 Rad (3x15 Gy)
 Rad + 1xOXi/Heat
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Radiation (30 x 2 Gy + Clamped top-up) + OXi4503 (i.p.)

OXi4503: 3 x 25 mg/kg OXi4503: 3 x 10 mg/kg

 Rad
 Rad+OXi


