
Trainee Name: 

Supervisor(s):  

Structured tr ct:

Title: Quantitative Molecular Cancer Imaging using Positron Emission Tomography (PET)

Fiona Li

Drs. Ting-Yim Lee and James Koropatnick

Introduction. PET molecular imaging is a promising tool to guide cancer drug therapy and 
development. An important determinant of therapeutic efficacy is drug exposure over time, 
which can be measured in-vivo by PET as the area under curve (AUC) of the cancer drug 
concentration vs time curve (DCTC). My PhD project goal is to develop an accurate kinetic 
model for predicting the entire DCTC from a brief (<30 min) period of dynamic PET imaging. It 
is found that AUC of the DCTC estimated by the standard two tissue compartment model 
(2TCM) can be erroneous because the flow delivery of the drug into the cancer is not modeled. 
The estimated kinetic model parameters are also inaccurate.

Hypothesis. By modeling the blood flow delivery effect, the accuracy in estimating AUC of 
cancer DCTC and kinetic parameters can be improved.

Method. Based on the 2TCM, the flow modified two compartment model (F2TCM) incorporating 
the blood flow effect was derived. To determine the accuracy of model parameter estimation 
using the new model, we simulated cancer DCTC using 10 parameter sets and included the 
effects of time averaging and Poisson noise present in PET data acquisition. The curves were 
fitted using both 2TCM and F2TCM to estimate the kinetic parameters and AUC of DCTC. To 
demonstrate utility of our model, CTCs of 18F-FAZA, a hypoxic marker, from 20 patients with 
pancreatic ductal adenocarcinoma were analyzed with 2TCM, F2TCM and model-independent 
Patlak and Logan graphical method. The optimal set of kinetic parameters for distinguishing 
normal tissue from hypoxic tumor was determined with multivariate logistic regression.

Results. Simulation results show that the Pearson's correlation coefficient between the 
estimated and 'true' kinetic parameters were >98% for F2TCM while it is <50% for 2TCM and 
the bias of estimated DCTC AUC was 1.6% for F2TCM vs 10.8% for 2TCM.  Patlak graphical 
analysis showed that 18F-FAZA was reversibly bound to pancreatic cancer in agreement with 
non-zero washout estimated by both models.  AUC of 18F-FAZA CTC estimated by F2TCM 
agreed with model-independent Logan graphical analysis.  Finally, AUC and the 18F-FAZA 
dissociation rate constant can separate normal from hypoxic pancreatic cancer with 95% 
sensitivity.

Discussion.F2TCM gives more accurate DCTC AUC estimate with dynamic PET for assessing 
drug efficacy.  Kinetic analyses suggest that 18F-FAZA binding is reversible contrary to the 
current dogma that covalent binding of the tracer with macromolecules after reduction by 
nitroreductase is irreversible. However, the reduced tracer can also undergo glutathionation 
(GSH) in hypoxic cells and efflux out of the cells through upregulation of MRP-1 in cancer, 
explaining the tracer washout. GSH and MRP-1 are known to be responsible for cancer 
resistance to radio- and chemo-therapy. This example illustrates how PET kinetic analysis 
suggests drug development to down regulate MRP-1 to overcome the treatment resistance of 
pancreatic cancer.


