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Abstract 
 
Continuing evidence on many directly administered therapeutics in brain disease and cancer 

suggests that their clinical efficacy depends on adequate delivery to a target region.  Delivery 

failure may lose the effect intended at the target, and cause damage elsewhere. This may have 

doomed otherwise effective drugs, through failure to distinguish inefficacy from missing the target. 

However, the paths of flow of fluids and molecules are complex and diverse, due to the structure of 

tumors and brain. It is inadequate to rely only on the clinical imaging of a patient to plan an infusion; 

to have a single point of control of it; or to decide a single time of feedback on the delivery.   

 

We report on the current status of our understanding of the behavior of intraparenchymal infusions, 

particularly in brain tumors.  Experiments have been conducted in gels, pigs, dogs, monkeys, and 

now humans at Duke University.  We present detailed results from human studies of intratumoral 

infusions of an EGFRvIII-specific immunotoxin in glioblastoma patients that highlight several 

characteristics of such infusions, and their implications for improving delivery.  Gd-DTPA and 
124I-labeled human serum albumin (124I-HSA) were co-infused with the therapeutic as small and 

large tracer molecules, and their distributions measured in MRI and PET, respectively.  The 

imaging showed limited and non-uniform distribution of the tracers within enhancing tumor as 

compared with the peritumoral tissue.  The infusions show that the residence times of magnetic 

resonance (MR) contrast reagent molecules in parenchyma correlate with the compromise of the 

blood-brain barrier (BBB) as measured by MR dynamic contrast-enhanced imaging (DCE).  Using 

a computer simulation of intraparenchymal fluid flow with new features, we estimate the relative 

contributions of loss through disrupted BBB and elevated tumor pressures to the limited 

intratumoral distribution.  The simulation suggests that the reduced distribution of tracer molecules 

within tumor is primarily related to elevated loss rates computed from DCE, rather than elevated 

pressure.  The PET-tracer on the other hand shows that the larger albumin molecule does have 

longer, but heterogeneous, residence times within the tumor.  We can scale the 

Magnevist™-based DCE measurements to simulate the albumin distributions.  (In confirmation of 

the single case result reported earlier, the distributions of the two very differently sized tracers 

outside the tumor are similar: we quantify this similarity.)  We offer suggested dosing strategies for 

therapeutics based on our simulations, comparing residence times for different sized therapeutics, 

and distributions based on catheter positioning and flow protocols. 

 

We will also discuss other features such as tissue expansion and perivascular flow that also bear on 

this problem. 
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