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Objectives 

According to revised Response Assessment in Neuro-Oncology 
(RANO)1, the diagnosis of pseudoprogression (Ps) is only 
considered up to three months following completion of 
chemo-radiotherapy (CRT) in patients with Glioblastoma 
multiforme (GBM).  Goals of this study are: 

1. Report cases of Ps occurring beyond 3 months and 
determine the frequency of this phenomenon. 

2. Assessment of overall survival (OS) in patients who 
experience Ps in comparison to patients who do not.  

3. Determine the value of Ps as a survival prognostic factor. 
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Does Pseudoprogression Occur Beyond Three Months Following Standard 
Chemoradiotherapy in Patients with Glioblastoma Multiforme? 

Conclusion  

In patients with GBM who show increased or new 
areas of enhancement after completion of CRT, DSC-
MRI with ferumoxytol can clearly distinguish 
pseudoprogression from true tumor progression, even 
later than 3 months after therapy. Accurate diagnosis 
will assist in making critical treatment decisions 
regarding continuation of the current treatment plan 
or pursuing alternative options. 
 

Discussion 

Pseudoprogression, the phenomenon of sub-acute 
imaging changes in GBM subsequent to CRT, has been 
noticed at frequencies of up to 30% within three 
months after completion of CRT.3,4 In the current study 
we observed development of this appropriate 
treatment related phenomenon in 26/56(46.5%), with 
7/26(12.5%) presenting at time points beyond 3 
months after CRT has been completed.   

This phenomenon has created a critical dilemma in  
management of patients with GBM, since standard T2-
weighted and GBCA-enhanced T1-weighted MRI 
sequences based on Macdonald’s criteria are not 
sufficient in distinguishing treatment related tissue 
reactions from active tumor growth. More 
importantly, limiting this diagnosis by time as RANO 
criteria suggest can result in erroneous diagnoses, 
leading to deprivation of patients benefiting from a 
successful treatment and falsely promising outcomes 
from investigational treatments which they will be 
enrolled in, as well as delaying alternative treatment 
for patients who have failed the standard of care.  

Utilization of imaging biomarkers can provide useful 
information in management of patients with GBM as 
they are being followed up for response to treatment 
after completion of standard of care. Diffusion 
weighted images (DWI) and dynamic imaging studies 
have been used to characterize pathophysiologic 
properties of tissues non-invasively. As reported by 
Gahramanov et al. 5,6 DSC-MRI with a blood-pool 
agent such as ferumoxytol provides a better monitor 
of tumor rCBV than DSC- MRI with GBCA.  

Results 

Patient characterization: 36 male and 20 females subjects with 
GBM, with average age of 55 years at the time of diagnosis are 
presented in this study. (Table 1)  

Diagnoses based on rCBV values:  26 (46.4%) patients had low 
rCBV (<1.75), 7 (12.5%) of which presented with increased T1 
GBCA enhancement at a time point beyond 3 months following 
completion of CRT (4-10 months, median 6 months).  

Survival : Median Survival in patients with low rCBV (groups 1 and 
3) was 49.8 months, significantly different from 14.0 months in 
patients with high rCBV (P<0.0001) .  Median survival in group 3 
patients was 54.8 (CI 17.6 - non-estimatable) months compared to 
21.6 (15.7 – NE) months group 1 patients. This difference is not 
statistically significant (p=0.1038). (Table 2, Graphs 1 & 2) 

Table 1: Demographics 

Total number of patients 56 

Gender 

Male, n (%) 36 (64.3%) 

Female, n (%) 20 (35.7%) 

Age 

Mean (SD) 55(±13.8) 

Less than 60 years, n (%)  32 (57.1%) 

>/= 60 years, n (%)  24 (42.9%) 

KPS 

Mean (SD) 80 (±16) 

    Ps Within 3 months of CRT 80 

Beyond 3 months of CRT 90 

  PD 70 

Greater than or equal to 70  44 (78.6%) 

Less than 70  12 (21.4%) 

Temozolomide cycles received  

Equal or less than 6 months 29 

6-12 months 22 

More than 12 months 5 

Kaplan-Meier Survival Curves 

Table 2: Results   

Patients with new or 
increased enhancement 
on T1W+Contrast      Patients (%) 

Low rCBV 26 (46.4%) 

Ps<3 19 (33.9%) 
Ps>3 7 (12.5%) 

High rCBV 30 (53.6%) 

Overall Survival Median (95% CI)   

Ps 49.8  (17.6 - NE) 

Ps<3  21.6 (15.7 -NE)  
Ps>3 54.8 (17.6 - NE)  

PD 14.0 (10.2, 19.3) 
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Methods 

Magnetic resonance (MR) images of 56 patients with 
histologically confirmed GBM between March 2006 and 
September 2011 were retrospectively reviewed. All 
patients underwent tumor resection followed by standard 
chemo-radiotherapy. At the time of radiological tumor 
progression, (based on increased gadolinium enhancement 
on T1 weighted images more than 25% of the post-op 
residual enhancing area) patients were enrolled in one of 
four OHSU institutional review board approved MR imaging 
protocol. These protocols include anatomical imaging using 
standard gadolinium based contrast agent (GBCA), as well 
as dynamic perfusion imaging using ferumoxytol (Fe), a 
nanoparticle blood-pool iron oxide contrast agent. For MR 
perfusion studies, the dynamic susceptibility contrast (DSC) 
technique was used. Relative cerebral blood volume (rCBV) 
was calculated in enhancing areas suspicious for tumor 
progression, in comparison to normal-appearing white 
matter. These values were used to decide on the etiology of 
the area of enhancement, either tumor progression (PD) 
with rCBV > 1.75 or pseudoprogression (Ps) with rCBV < 
1.75.2 Patients with Ps continued treatment with monthly 
temozolomide (TMZ) until progression of their disease. 

Most patients received Avastin® (bevacizumab) and/or 
alternative chemotherapy upon confirmation of 
progression of disease with increased rCBV (>1.75) on 
dynamic MRI studies. Survival data was recorded in all 
patients and analyzed between cases of PD (group 2), Ps 
developed within (group 1), or beyond (group 3) 3 months 
of completion of CRT. 

MRI sequences in the images: top row: T1W-C, second row: T1W+C, third row: T2W and the fourth row includes the rCBV maps.  

Image 1: Patient#51 a) Brain MRI after resection of tumor. Following completion of CRT, MRI showed increased CE on T1+G. At this point 
patient did not have any clinical symptoms. b) Fe imaging studies show low rCBV in the areas of enhancement. C)Follow up MRI 2 months later 
show near complete resolution of CE and confirmation of pseudoprogression. This patient continues to remain progression free at completion 
of this report.  

Image 2:  Patient#60 a) Brain MRI after resection of tumor, b) follow up 10 weeks post CRT,  c) follow up 18 weeks post-CRT showed new area 
of T1-CE in the R frontal lobe, with low rCBV on Fe dynamic studies, d) follow up at 6 months post-CRT revealing near complete resolution of 
the enhancing area, confirming diagnosis of pseudoprogression. e,f) brain MRI at 14 months post-CRT. Panel e shows stable minimal 
enhancing area in the R frontal lobe with low rCBV which previously was diagnosed as Ps. Panel f shows development of a new contrast 
enhancing lesion in the L occipital lobe, with elevated rCBV, consistent with progression of disease.  

Image 3: Patient#31 a) MRI brain after partial resection of brain tumor with evidence of residual tumor. b) Brain MRI at 6 weeks post-CRT 
showing increased contrast enhancement, with elevated rCBV on Fe dynamic studies, confirming progression of disease.  
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