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TECHNIQUE BIOLOGICAL PROPERTY ON 
WHICH IMAGING IS BASED

COMMONLY DERIVED BIOMARKERS PATHOPHYSIOLOGICAL 
CORRELATES

Dynamic contrast-
enhanced MRI 
(DCE-MRI)

Contrast medium uptake rates 
Transfer rates 
Extra-cellular volume 
Plasma volume fraction

Initial area under gadolinium curve (IAUGC)
Transfer and rate constants (Ktrans, kep)
Leakage space fraction (ve)
Fractional plasma volume (vp)
Non-enhancing fraction

Vessel density
Vascular permeability
Perfusion
Extravascular space
Plasma volume

Dynamic susceptibility 
contrast MRI 
(DSC-MRI) 

Blood volume and blood flow relative blood volume/flow (rBV/rBF)
Transit times (MTT)

Vessel density
Blood flow
Vessel diameter
Tumour grade

Intrinsic susceptibility 
weighted MRI 
(ISW-MRI or BOLD-
MRI) 

Balance between red blood cell 
oxyhaemoglobin  & 
deoxyhaemoglobin
Tissue blood volume & perfusion
Intrinsic composition of tissues 

Intrinsic tissue relaxation rates    (R2* 
=1/T2*)

Ferromagnetic properties of tissues
Level of tissue oxygenation – some tumors 
(prostate ca)
Level of blood volume/flow (breast ca)

Diffusion weighted 
MRI  (DW-MRI)

Diffusivity of water Apparent diffusion coefficient (ADC)
Perfusion fraction (f)
Diffusion (D)

Tissue architecture: cell density & size, 
extracellular space tortuosity, gland 
formation, cell membrane integrity, 
necrosis. Microvessel perfusion.

Dynamic contrast
enhanced (perfusion)
CT (DCE-CT)

Contrast medium uptake rate in
tissues, which is influenced by:
• Perfusion & transfer rates
• Extra-cellular volume
• Plasma volume fraction

• Tissue perfusion
• Blood volume
• Transit time
• permeability

Vessel density
Vascular permeability
Perfusion
Tissue cell fraction
Plasma volume

Dynamic contrast
enhanced ultrasound
(DCE-US)

Microbubbles reside within the
intravascular space. Perfusion
indices are derived from model
fitting of time-intensity curves

• Microbubble velocity, Fractional BV
• Peak intensity and time to peak intensity
• Mean transit time, coefficient of washin
(ascending slope)
• Areas under the entire curve, washin 
hemicurve  and washout hemicurve

Tissue blood flow
Transit time
Tissue blood volume
Microvessel density

Padhani AR, Miles KA. Multiparametric imaging of tumor response to therapy. Radiology 2010; 256(2):348-64 
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Imaging the tumor
microenvironment
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BOLD MR imaging
«Blood Oxygenation Level Dependent » 

DEOXY-HB
Paramagnetic

OXY-HB
Diamagnetic

• MR effect :

increase of 

deoxyhemoglobin 

production induces an 

increase of R2* relaxivity 

(decrease of signal)



BOLD MR imaging

slope= R2*

echos

nl PO2

 PO2

 PO2

R2* map
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BOLD MR imaging



 Why is tumor hypoxia important to identify?

– Resistance to radiotherapy & PDT (also chemo)

– Development of aggressive clones → poor local control, ↓disease free 

intervals and ↓overall survival times

Resistance to therapy

pO2<10mmHg

pO2<1-2mmHg

Loco-regional spread & 

metastasis

Hypoxia

Slowing of proliferation & 

cell cycle arrest

Dedifferentiation,

loss of apoptosis,

chaotic angiogenesis

Increased aggressiveness

Alterations in gene 

expression and clonal 

selection

BOLD MR imaging



fg

BOLD MR imaging for tumor response

 In preclinical studies in animals, it has been shown that the 
R2* value of tumours decreases dose-dependently with anti-
vascular treatment in prolactinoma and fibrosarcoma models. 

 There have not yet been any studies analysing the usefulness 
of BOLD MRI in the response to anti-angiogenic treatment in 
humans.



Courtesy of P Choyke, NIH, USAFidler IJ. Differentiation 2002; 70:498-505

Initiation

Promotion

Hypoxia

Perfusion

1 kg

1 g

1 mg

1 mg

1 ng

Angiogenesis

Invasion

Dissemination

Angiogenesis is critical 
for tumor growth and 

driven by hypoxia

O2
150-200µ

Angiogenic 
cytokines

Proliferation



Imaging the tumor
microenvironment
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DCE-MRI or CT : principles
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DCE-MRI or CT : Semi-quantitative analysis
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 no kinetic models

 links with physiologic parameters uncertain

 low reproducibility between imaging systems
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Range of endpoints

Quantitative
Perfusion measurement
Permeability measurement
Function measurement

Descriptive
Perfusion-weighted

Permeability-weighted
Function-weighted

More specific/reproducible (*)
Less practical/cost-effective

Less specific/reproducible
More practical/cost-effective

(*) IF the measurement is sufficiently accurate AND precise

Trade-off

From S. Sourbron, Leeds
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Perfusion changes induced by therapy 

Renal cell carcinoma under sunitinib



Blood 
flow

Blood 
volume

K-trans

84 ml/mn/100g

8.3%

7.8 ml/mn/100g

25-04-08

169 ml/mn/100g

25%

4,1 ml/mn/100g

29-01-08

32 ml/mn/100g

3.5%

5.9 ml/mn/100g

25-07-08

Perfusion changes induced by therapy 
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7,7 ml/min/100g 69 ml/min/100g 8,6%

7.5 ml/min/100g 98 ml/min/100g 20%

18-04

06-05

17-06

11.7 ml/min/100g 95.6 ml/min/100g 12.8 %

Blood flow Blood volumeK-trans
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Li SP et al, Radiology 2011;260:68

Breast cancer : DCE before and after 2 cycles neoadjuvant chemotherapy

• Higher posttreatment K trans (P = .048), and IAUGC 60 (P = .035) were significant predictors of worse disease-free survival.

• Higher posttreatment K trans ( P = .043), and IAUGC 60 ( P = .029), were predictive of worse overall survival ( P = .018).

• K trans remained an independent  indicator of overall survival ( P = .038).

Ktrans Kep IAUCG60

Prediction of tumor response after 2 cycles



VS=15,2 ml/100g

VS=5 ml/100g

Fournier C, Radiology 2010;256:511

 Phase-III randomized controlled trial (51pts) : sunitinib compared with interferon and sorafenib

Prediction of tumor response after 1 cycle



 Microbubbles (diameter 2-15 m)

 Low density gas

 Intravascular distribution

 No linearity signal-[C]

 Attenuation with depth

DCE-US : principle



Lassau N et al, Radiology 2010

DCE-US : principle

 Semi-quantitative analysis: from « raw data »

« The tumor perfusion quantification obtained from the raw linear data is different from that 

derived from the image data obtained after data compression. In the latter case, the 

quantification is derived from a sum of logarithms, which is different from the arithmetic mean 

and thus completely falsifies the results because the operation is nonlinear. »

Parameters:



17-03-0925-02-09

DCE-US : tumor response



DCE-US : tumor response

Lassau N et al, Clin Cancer Res 2010

38 patients with sunitinib for metastatic renal cancer : US between D0 & D15

Responder Non responder 



There is a correlation between functional parameters at D15 and  RECIST criteria at 3 months 

Lassau N et al, Clin Cancer Res 2010

DCE-US : tumor response

38 patients with sunitinib for metastatic renal cancer : US between D0 & D15



Courtesy of P Choyke, NIH, USA

Fidler IJ. Differentiation 2002; 70:498-505
Cairns R, et al. Mol Cancer Res 2006; 4:61-70

Initiation

Promotion

Hypoxia

Perfusion

1 kg

1 g

1 mg

1 mg

1 ng

Angiogenesis

Invasion

Dissemination

Key biological hallmarks

O2
150-200µ

Angiogenic 
cytokines e.g., VEGF

Sustained 
proliferation



Imaging the tumor
microenvironment
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Monoexponential fit

Biexponential fit

• Parameters with Mo-exp fit : ADCtrace

• Parameters with Bi-exp fit : 

– ADCD or ADChigh or Dt = pure or slow diffusion (with b>200 sec/mm2)

– ADCD* ou ADClow = perfusion-dependent or fast diffusion or pseudodiffusion

– Fp = perfusion fraction 

at least 2 b-values

at least 4 b-values, best 10 : 0,10,20,40,60,150,300,500,700,900 

Diffusion MRI – principle



Diffusion MRI – biological basis

 DW-MRI reflects on tissue architectural properties including cell size 

distributions & density, extracellular space tortuosity, nucleus-

cytoplasm ratio, integrity of cellular membranes, extent of glandular 

tissues, fluid viscosity & perfusion

 ADC ( x10-3 mm2/s or µm2/s)

G. Manenti, et al. Malignant renal neoplasms: correlation between 

ADC values and cellularity at 3T. Radiol med (2008) 113:199–213.



Diffusion changes induced by therapy

 Cancer cell death :

– Necrosis

– Apoptosis 

– The degree of ADC change 

depends on the balance 

between tumor cell killing, 

inflammation  and proliferation

 Perfusion inhibition 

Mitotic 

catastrophe

Edinger AL, Thompson CB. Death by design: apoptosis, necrosis and autophagy. Curr Opin Cell Biol. 2004 Dec;16(6):663-9.



Diffusion changes induced by therapy

Patterson DM, et al. Nat Clin Pract Oncol. 2008; 5(4):220-33. 

↓Perfusion, ↓permeability, & 
dehydration



Rectal cancer response 

chemotherapy + RT (6/52) –

increase in ADC values

Post

b800 b800

ADC0-800
ADC0-800

ADC = 1050 µm2/s ADC = 1480 µm2/s

Diffusion changes induced by therapy
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TEP-FDG

Primary clear cell RCC (ccRCC) tumours with lower SUV at baseline were more likely 

to respond to therapy

Khandani et al. Nucl Med Commun 2012, 33:967



Bex et al. Eur Urol 2014, 65:766



Conclusion

 For prediction and follow-up of tumor response, we 

need to take into account the physiologic 

characteristics of the tumors and the type of therapy

 The link between functional imaging techniques and 

these physiologic parameters is sometimes intuitive

 Mathematical models do not always reflect physiology 

 Harmonization of protocols and validation of these 

biomarkers is essential

 Integration of these criteria into biostatistical and 

biomathematical models is also essential


