
SUPPLEMENT FOR: 

Prognostic Significance of Growth Kinetics in Newly Diagnosed Glioblastomas Revealed by 

Combining Serial Imaging with a Novel Bio-mathematical Model 

Christina H. Wang1, Jason K. Rockhill2, Maciej Mrugala3, Danielle L Peacock1, Albert Lai4, 

Katy Jusenius2,  Joanna M. Wardlaw5, Timothy Cloughesy4, Alexander M. Spence3, Russ 

Rockne1, Ellsworth C. Alvord, Jr1, Kristin R. Swanson1* 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

Parameter Estimate Sensitivity and Uncertainty 

Parameter estimation techniques for the mathematical model studied in this manuscript have 

been published previously (reviewed in 10). To quantify the sensitivity of patient-specific 

parameter estimates as a result of uncertainty in MRI based metrics of tumor burden. Following 

Swanson et al. (19), we applied a 0.5 mm uncertainty in all MR tumor volume measurements in 

order to get upper and lower bounds on velocities of radial expansion and the ratio ρ/D. Using all 

resultant possible combinations of velocity and ρ/D ranges, we then computed upper and lower 

bounds on our model parameters ρ and D (See Supplementary Table S1). The median relative 

uncertainty in D/ρ was 14%, in T1Gd velocity was 53%, D was 78% and in ρ was 54%. 

Additionally, we considered error based entirely on inter-observer variability relative to an 

unknowable true tumor volume (which we defined to be the average of the observers) which 

produced considerably smaller variation in velocity and D/ρ and, thus, smaller relative 

uncertainty in D and ρ individually. This inter-observer methodology is not reported here 

because at the time of the original investigation this methodology could not be uniformly applied 

to all patients in the study. Thus, to preserve our consistent methodology across all patients, we 



follow Swanson et al. (19) as described above. See Table S1 for detailed tabulation of the 

parameter estimates obtained and the associated uncertainty ranges (in parentheses).  

 

As described in (19), under the assumption that there is an approximate fatal tumor burden, 

patient-specific model simulations using the parameter estimates tabulated in Table S1 allow 

estimation of model-predicted survival time of the untreated virtual control. Figure S1 shows a 

comparison of the model-predicted survival time of the untreated virtual control when the fatal 

tumor burden was determined by a critical T1Gd MRI radius of 3.5cm or determined by a critical 

number (1.1 x1011) of glioma cells. Since simulations of the mathematical model, Estimates of 

the time to FTB defined by radius requires only  

 

Table S1: Estimates (with uncertainty ranges)  of model parameters D and ρ, velocity of radial 

expansion rate visible on MRI, the Invisibility Index (D/ρ), the model-predicted survival time of 

the untreated virtual control when the fatal burden  was determined by a critical T1Gd MRI 

radius (3.5 cm) or a critical number of glioma cells (1.1x1011 cells).  

 

Figure S1: Comparison of the model-predicted survival time of the untreated virtual control 

when the fatal tumor burden was determined by a critical T1Gd MRI radius (3.5 cm) (x-axis) and 

determined by a critical number of cells (1.1x1011 cells) (y-axis) revealing significant overlap 

between the two approaches.    

 

 


