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Radiotherapy OpportunitiesRadiotherapy Opportunities

•• Precision RT (IMRT)Precision RT (IMRT)
•• Spatial variabilitySpatial variability
•• Temporal variabilityTemporal variability
•• Adaptive RTAdaptive RT
•• Image analysisImage analysis
•• Biologic imagingBiologic imaging
•• RT dose modelingRT dose modeling
•• Biologic effect modelingBiologic effect modeling
•• Biologic RT enhancementBiologic RT enhancement
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Tumors have…Tumors have…

•• Chaotic vasculatureChaotic vasculature

•• HyperpermeableHyperpermeable vesselsvessels

•• Abnormal Abnormal lymphaticslymphatics

•• High interstitial proteinHigh interstitial protein

•• High interstitial waterHigh interstitial water

•• Abnormal interstitiumAbnormal interstitium

HashizumeHashizume, 2000, 2000



What CausesWhat Causes
High IFP in Tumors?High IFP in Tumors?

•• High vascular conductivity High vascular conductivity ((LLppSS))
•• Low interstitial conductivity Low interstitial conductivity (K)(K)
•• No No lymphaticslymphatics
•• High geometric and viscous High geometric and viscous 

blood flow resistanceblood flow resistance
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IFP = Capillary Pressure in TumorsIFP = Capillary Pressure in Tumors

Baxter, 1989Baxter, 1989
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Cervix CancerCervix Cancer



IFP MeasurementIFP Measurement
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SpatioSpatio--Temporal IFP Model Temporal IFP Model 



•• Homogeneous fluid modelHomogeneous fluid model
•• Transducer characteristics knownTransducer characteristics known
•• Transient fluid flow depends on Transient fluid flow depends on LLppSS, K, E, K, E
•• SteadySteady--state prior to needle insertionstate prior to needle insertion
•• Transient disruption of steadyTransient disruption of steady--statestate
•• Starling’sStarling’s law for law for transmuraltransmural plasma flowplasma flow
•• Darcy’sDarcy’s law for interstitial flowlaw for interstitial flow
•• Conservation of massConservation of mass

SpatioSpatio--Temporal IFP Model Temporal IFP Model 



Finite Difference EquationsFinite Difference Equations

RTM (r)RTM (r) ==
11

4/3 4/3 ππππππππ rr3 3 LLppSS

RI (r) RI (r) == 11
4 4 ππππππππ KK rr

CI (r) CI (r) ==
4/3 4/3 ππππππππ rr33

EE

TransmuralTransmural flowflow
resistanceresistance

Interstitial flowInterstitial flow
resistanceresistance

InterstitialInterstitial
ComplianceCompliance
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Time Response Depends on Time Response Depends on EE and and KK
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Measured IFPMeasured IFP
Time ResponseTime Response

ModelModel
OptimizationOptimization

f (f (LLppSS, K, E, K, E))

KK
EE

Physiologic ParametersPhysiologic Parameters
from IFP Measurementsfrom IFP Measurements
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EE and and KK in KHTin KHT--CC
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EE and and KK in Cervix Cancerin Cervix Cancer
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EE and and KK for Cervix Cancerfor Cervix Cancer

209 measurements in 63 patients:209 measurements in 63 patients:

EE 1218 1218 ++ 198.1  mm Hg198.1  mm Hg

KK 1.84X101.84X10--77 ++ 4.32X104.32X10--88

cmcm22/mm Hg s/mm Hg s



EE Correlates withCorrelates with
Lymph Node Metastases?Lymph Node Metastases?

N0N0 1086 1086 ++ 167167
mm Hgmm Hg

N1N1 1693 1693 ++ 700700
mm Hgmm Hg

(p=0.01)(p=0.01)



The way forward …The way forward …

Improved Patient Outcome

Adaptive, Precision RTAdaptive, Precision RT Biologic ResponseBiologic Response
Enhancement (BRE)Enhancement (BRE)
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