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Abstract  

 

Objective: To evaluate diagnostic performance of dynamic susceptibility-contrast 

perfusion-weighted imaging, diffusion-weighted imaging, and 
18

F-fluorodeoxyglucose 

positron emission tomography in differentiating primary central nervous system 

lymphoma (PCNSL) and glioblastoma.  

Materials and Methods: Twenty-three glioblastomas and 11 PCNSLs were analyzed 

with uncorrected cerebral blood volume (CBV) ratio, fifth percentile value of 

cumulative apparent diffusion coefficient histogram (ADC5%), and maximum 

standardized uptake value (SUVmax) using regions of interest created semi-automatically 

on enhancing areas.  

Results: Uncorrected CBV ratio was highly capable of differentiating PCNSL from 

glioblastoma as well as SUVmax and ADC5%.  

Conclusions: Uncorrected CBV ratio demonstrates high diagnostic performance 

comparable to SUVmax.  

  



      

1. Introduction  

 

Primary central nervous system lymphoma (PCNSL) has been increasing over the 

last few decades in both immunocompetent and immunocompromised patients [1-3], 

whereas glioblastoma is the most common disorder among the primary central nervous 

system malignancies [4]. Both tumors usually show contrast enhancement and 

occasionally have similar features on conventional magnetic resonance (MR) imaging. 

However, preoperative differentiation between PCNSL and glioblastoma is of high 

clinical importance, because neurosurgical strategies for these tumors are substantially 

different. For glioblastoma, maximal resection contributes to better prognosis [5]. In 

contrast, stereotactic biopsy is recommended to confirm the diagnosis of PCNSL [6].  

Previous reports have shown that cerebral blood volume (CBV) derived from 

dynamic susceptibility-contrast perfusion-weighted MR imaging (DSC-PWI), apparent 

diffusion coefficient (ADC) on diffusion-weighted MR imaging (DWI) and 

standardized uptake value (SUV) from 
18

F-fluorodeoxyglucose positron emission 

tomography (FDG-PET) are capable of discriminating PCNSL from glioblastoma [7-14]. 

However, according to several earlier studies, FDG-PET may be superior to DWI [15, 

16].  

Meanwhile in DSC-PWI, Toh et al. [17] recently reported superiority of uncorrected 

CBV ratio to corrected CBV ratio in differentiating between PCNSL and glioblastoma. 

To our knowledge, there has been no report that compared the diagnostic performance 



      

between DSC-PWI and FDG-PET to differentiate the two tumors. Therefore, the 

purpose of this study was to evaluate the diagnostic performance of uncorrected CBV 

ratio compared with that of SUV as well as ADC for distinguishing between PCNSL 

and glioblastoma.  

 

2. Materials and methods  

 

2.1. Patients  

 

The institutional database was searched between December 2010 and June 2014 to 

identify newly diagnosed and histologically confirmed patients of PCNSL or 

glioblastoma. Immunocompetent patients who had all of DSC-PWI, DWI and 

FDG-PET exams preoperatively were included. Excluded from this study were patients 

who underwent continued steroid therapy or had received steroid-pulse treatment [14]. 

This retrospective study was approved by the institutional review board, and informed 

consent was waived.  

 

2.2. MR imaging  

 

MR scans were performed using a 3T unit (Magnetom Trio; Siemens, Erlangen, 

Germany) equipped with a 32-channel head coil. Routine MR imaging included axial 



      

fast spin-echo T2-weighted imaging (T2WI) (time of repetition [TR], 3200 ms; time of 

echo [TE], 79 ms; field of view [FOV], 22 cm; matrix size, 448 × 372; slice thickness, 3 

mm; slice gap, 1 mm; 35–37 slices) and three-dimensional magnetization-prepared 

rapid acquisition gradient-echo (MPRAGE) T1-weighted imaging (T1WI) (TR, 1900 

ms; TE, 2.58 ms; inversion time, 900 ms; FOV, 23 × 23 cm; matrix size, 256 × 256; 

slice thickness, 0.9 mm) before and after contrast agent administration.  

DWI was obtained in the axial plane using a single-shot spin-echo echo-planar 

sequence with the following parameters: TR, 5000 ms; TE, 77 ms; flip angle, 90°; FOV, 

22 × 22 cm; matrix size, 160 × 160; slice thickness, 3 mm; slice gap, 1 mm; 35–37 

slices. Motion probing gradients were applied sequentially in the x, y and z directions 

with b values of 0 and 1000 s/mm
2
. ADC maps were generated automatically by the MR 

unit.  

DSC-PWI was acquired with gradient-echo echo-planar imaging by using the 

following parameters: TR, 2000 ms; TE, 30 ms; flip angle, 90°; FOV, 22 cm; matrix size, 

160 × 160; slice thickness, 3 mm; slice gap, 1 mm; 25 slices. Sixty-five dynamic 

measurements were conducted, resulting in a total acquisition time of 2 minutes 10 

seconds. After 25 scans of baseline, a gadolinium-based contrast agent (0.1 ml/kg) was 

injected intravenously at a rate of 3 ml/s followed by a bolus injection of 15 ml saline at 

the same rate. No contrast agent was administered before DSC-PWI.  

 

2.3. FDG-PET  



      

 

FDG-PET studies were performed using a PET/CT scanner (Discovery ST Elite; GE 

Healthcare, Waukesha, WI, USA). Patients fasted for at least 4 hours prior to the 

intravenous administration of 4 MBq/kg of FDG, and rested for 30 minutes before 

scanning. An emission scan of the brain was conducted for 15 minutes. The resolution 

was 2.0 × 2.0 × 4.25 mm (47 slices). PET data were converted to SUV images using the 

following equation: SUV = activity at a pixel (kBq/cm
3
)/injection dose (MBq)/weight 

(kg).  

 

2.4. Image analysis  

 

DSC-PWI data were transferred to an independent workstation and processed using 

commercially available software (MIStar; Apollo Medical Imaging Technology, 

Melbourne, Australia). The analysis of signal–time course data gives us valuable 

information including CBV that is considered to reflect microvessel density [7-9]. 

Uncorrected and corrected CBV were measured on the DSC images by using a model 

proposed by Boxerman et al. [18], but only uncorrected CBV maps were used because 

of superiority of uncorrected CBV to corrected CBV in differentiating between PCNSL 

and glioblastoma [17].  

The first DSC image volume was co-registered to the T2WI volume with SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) implemented on Matlab 2013b 



      

(MathWorks, Natick, MA), and the derived registration parameters were applied to the 

uncorrected CBV map. Pre- and post-contrast T1WI volumes were co-registered to the 

T2WI volume, and axially reformatted. Pre-contrast T1WI was subtracted from 

post-contrast T1WI, and a T1-weighted subtraction map was created for a region of 

interest (ROI) analysis [19]. An ADC map and an SUV image volume were also 

separately co-registered to the T2WI volume.  

ROIs were placed using ImageJ (ver. 1.48; http://imagej.nih.gov/ij/index.html). On a 

T1-weighted subtraction map, enhancing areas of the tumor were automatically selected 

by Huang's fuzzy thresholding method [20]. Vessels continuous to the tumor at the 

edges were manually eliminated, and ROIs were created. Among tumor-containing 

slices, the single slice with the largest enhancing area was used for further analysis.  

The ROIs were applied to the uncorrected CBV maps, and the mean ROI values 

were obtained [17]. For normalization, the mean uncorrected CBV values were divided 

by the mean values obtained from a ROI (size range, 30–50 mm
2
) placed in the 

contralateral normal-appearing white matter, which yielded uncorrected CBV ratios. 

The same ROIs were applied to the ADC maps and SUV images. Cumulative ADC 

histograms were obtained, and multiple possible thresholds of the Nth percentile from 

the first to 20th percentile were derived and compared using areas under the curve 

(AUCs) determined by receiver operating characteristic (ROC) curve analysis for each 

percentile. The optimal percentile of cumulative ADC histogram which had the largest 

AUC value was selected [21]. For SUV images, the maximum SUV (SUVmax) was 



      

obtained [12]. In addition, the maximum SUV at the whole tumor (SUVmax (whole)) was 

also obtained.  

 

2.5. Statistical analysis  

 

A Mann-Whitney U test was used to compare uncorrected CBV ratio, the optimal 

percentile of cumulative ADC histogram, and SUVmax between PCNSL and 

glioblastoma. AUCs and optimal cut-off values for tumor differentiation were 

determined by ROC curve analysis. The optimal cut-off values were decided using 

Youden index. Additionally, SUVmax (whole) was analyzed using a Mann-Whitney U test 

and ROC curve analysis. A P value of less than .05 was considered statistically 

significant. A commercially available statistical software package (MedCalc, Version 

13.3; MedCalc Software, Ostend, Belgium) was used for statistical analysis.  

 

3. Results  

 

3.1. Patients  

 

Seventy newly diagnosed patients (29 PCNSLs and 41 glioblastomas) were 

identified in the institutional database, and preoperative DSC-PWI, DWI and FDG-PET 

data were available in 14 PCNSLs and 23 glioblastomas. Three PCNSL cases were 



      

excluded because of steroid treatment. Thereby, 11 patients with PCNSL (4 men and 7 

women; mean age, 70.0 years; range, 39–79 years) and 23 patients with glioblastoma 

(13 men and 10 women; mean age, 56.5 years; range, 16–90 years) were analyzed in 

this study. All PCNSLs were diffuse large B cell lymphomas. The mean time interval 

between MR imaging and FDG-PET was 4.5 days (range, 0–11 days).  

 

3.2. Diagnostic performance  

 

Figure 1 demonstrates the 4th and 5th percentiles have the largest AUC value of 

cumulative ADC histogram, and the 5th percentile (ADC5%) was selected as with the 

former study [21]. Figure 2 shows box-and-whisker plots of uncorrected CBV ratio, 

ADC5% and SUVmax in patients with PCNSL and glioblastoma. Median uncorrected 

CBV ratio was significantly lower in PCNSL (1.57 ± 0.56; 95% CI, 1.11–1.98; range, 

0.86–2.59) than in glioblastoma (4.99 ± 2.89; 95% CI, 2.69–6.27; range, 0.99–10.28) (P 

= .0001). Median ADC5% was significantly lower in PCNSL (0.56 ± 0.08 × 10
-3

 mm
2
/s; 

95% CI, 0.50–0.63 × 10
-3

 mm
2
/s; range, 0.42–0.68 × 10

-3
 mm

2
/s) than in glioblastoma 

(0.77 ± 0.15 × 10
-3

 mm
2
/s; 95% CI, 0.69–0.84 ×10

-3
 mm

2
/s; range, 0.53–1.08 × 10

-3
 

mm
2
/s) (P = .0003). Median SUVmax was significantly higher in PCNSL (15.8 ± 6.4; 

95% CI, 11.1–20.4; range, 9.4–30.9) than in glioblastoma (7.9 ± 2.8; 95% CI, 6.1–9.1; 

range, 4.3–15.7) (P = .0001).  

In ROC curve analysis, the optimal cut-off value was 2.09 for uncorrected CBV 



      

ratio with 90.9% sensitivity and 91.3% specificity. For ADC5%, the optimal cut-off value 

was 0.68 × 10
-3

 mm
2
/s with 100% sensitivity and 73.9% specificity. For SUVmax, the 

optimal cut-off value was 9.35 with 100% sensitivity and 78.3% specificity. The AUCs 

were 0.921 for uncorrected CBV ratio, 0.885 for ADC5% and 0.933 for SUVmax. There 

was no significant difference in diagnostic performance among these parameters. 

Figures 3 and 4 illustrate measurements in representative cases of PCNSL and 

glioblastoma, respectively.  

Median SUVmax (whole) was significantly higher in PCNSL (17.0 ± 6.9; 95% CI, 12.2–

21.6; range, 9.4–34.1) than in glioblastoma (8.9 ± 3.5; 95% CI, 7.0–9.6; range, 4.7–

20.1) (P = .0001). In ROC curve analysis, the optimal cut-off value was 11.1 for 

SUVmax (whole) with 90.9% sensitivity and 87.0% specificity, and the AUC was 0.925. 

There was no significant difference in diagnostic performance between SUVmax and 

SUVmax (whole) (P = .700).  

 

4. Discussion  

 

This study evaluated the diagnostic performance of DSC-PWI, DWI and FDG-PET 

to differentiate PCNSL from glioblastoma. To our knowledge, this is the first report to 

compare the diagnostic performance between two different modalities of DSC-PWI and 

FDG-PET in distinguishing these tumors. ROIs were created semi-automatically by 

thresholding, and the same ROIs were applied to all measurements. In the present study, 



      

PCNSL demonstrated significantly lower uncorrected CBV ratio, lower ADC5% and 

higher SUVmax compared with glioblastoma. No significant difference in diagnostic 

performance was observed among these parameters.  

SUV derived from FDG-PET is known to represent glucose metabolism in tumors, 

and high SUV is correlated with rapid cellular proliferation [22, 23]. Previous 

investigations have shown higher SUVmax in PCNSL than in glioblastoma [12-16], 

which was confirmed in this study. The difference between SUVmax and SUVmax (whole) in 

diagnostic performance was examined, which was not statistically significant. Okada et 

al. [13] reported that the AUC was 0.935 when the maximum SUV was measured in the 

entire lesions, and our result was virtually the same.  

It has been reported that ADC calculated from DWI inversely correlates with tumor 

cell density [10], and high cellularity of PCNSL is considered to result in low ADC. In 

the present study, ADC5% for patients with PCNSL was significantly lower than that for 

patients with glioblastoma, which is consistent with previous reports [8-11]. However, 

several previous investigations have considered FDG-PET to be superior to DWI [15, 

16]. The AUC of ADC5% was considerably lower than that of SUVmax in this study, but 

the difference was not statistically significant.  

   Several previous studies [7-9] have reported that PCNSL demonstrates lower CBV 

than glioblastoma, which was confirmed in this study. That is considered to reflect their 

histological changes. PCNSL lacks in prominent neovascularization, but it has 

characteristic features with angiocentric growth patterns [24-26]. Infiltration into the 



      

endothelium and vessel lumen is often observed [2, 27], which is considered to cause 

disruption of the blood brain barrier [28]. On the other hand, one of the hallmarks of 

glioblastoma is extensive tumor angiogenesis [29]. Such histological findings may 

cause the difference in measured CBV.  

DSC-PWI measures T2*-weighted signal-intensity drop occurring over a bolus 

administration of contrast agent. However, when the blood brain barrier breaks down, 

contrast agent leaks into the extracellular space, and T2*-weighted signal-intensity 

reduction is mitigated by the T1 shortening effect, resulting in underestimation of CBV 

[30]. Toh et al. [17] recently reported that uncorrected CBV ratio was superior to 

corrected CBV ratio in differentiating PCNSL from glioblastoma. When the 

measurement is left uncorrected, CBV in PCNSL is underestimated more than that in 

glioblastoma by the effect of a larger degree of contrast leakage. This effect enabled 

uncorrected CBV ratio to attain the result comparable to SUVmax.  

Our study has several limitations. The first one is the retrospective study design. 

Secondly, the relatively small number of patients was included in the analysis. Lastly, 

direct correlations between parameters and histological features were unavailable, 

because tumors were biopsied or resected piece-wise.  

   In conclusion, DSC-PWI is highly capable of differentiating PCNSL from 

glioblastoma as well as FDG-PET and DWI, and uncorrected CBV ratio demonstrates 

high diagnostic performance comparable to SUVmax.  
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Figures  

 

 

Fig. 1. Measurements of areas under ROC curve at multiple Nth percentiles (from the 

first to 20th percentile) of cumulative ADC histogram. The 4th and 5th percentiles have 

the largest AUC value.  

  



      

 

Fig. 2. Box-and-whisker plots of uncorrected CBV ratio (A), ADC5% (B), and SUVmax 

(C) for PCNSL and glioblastoma. The central boxes represent the values from the lower 

to upper quartile (25th to 75th percentile). The middle lines represent the median. The 

vertical lines on each box indicate the range of data distribution. Values outside of 1.5 

times of the interquartile range are presented with open circles.  

 

  



      

 

Fig. 3. Measurements of parameters in a 77-year-old woman with PCNSL. (A) Axial 

T1-weighted subtraction map shows an enhancing tumor in the left temporal region. (B) 

Two ROIs are placed, one over the enhancing tumor and the other at the contralateral 

normal-appearing white matter for the measurement of (C) uncorrected CBV ratio, (D) 

ADC5%, and (E) SUVmax with values of 1.96, 0.54 × 10
-3

 mm
2
/s, and 11.14, respectively.  

 

  



      

 

Fig. 4. Measurements of parameters in a 56-year-old woman with glioblastoma. (A) 

Axial T1-weighted subtraction map shows an enhancing tumor in the right parietal 

region. (B) Two ROIs are placed, one over the enhancing tumor and the other at the 

contralateral normal-appearing white matter for the measurement of (C) uncorrected 

CBV ratio, (D) ADC5%, and (E) SUVmax with values of 7.23, 0.69 × 10
-3

 mm
2
/s, and 

7.49, respectively.  

 




