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Abstract
Given the significant different treatment strategy of glioblastoma compared to lymphoma, early non-invasive differentiation of these two malignant brain tumours 
is essential for treatment planning. Our study investigates the feasibility of differentiation of glioblastoma from lymphoma by measuring the apparent diffusion 
coefficient (ADC) values of the tumour using a very easy method on radiology PACS workstation. Forty-two (42) patients with pathology proven glioblastoma 
and 30 patients with pathology proven primary CNS lymphoma were retrospectively reviewed. Two different readers placed the regions of interest in the non-
haemorrhagic darkest solid area of the tumour to measure the ADC values. The median of the “Mean ADC Values” (averaged between two interpreters) in the 
primary CNS lymphoma group was significantly lower than the median of “Mean ADC Values” in the glioblastoma group for both readers (p < 0.0001) [582 
(511,687) × 10-6 mm2/s for the lymphoma group and 789 (734,896) × 10-6 mm2/s for the GBM group]. Our study offers a novel, effective and easy approach for 
differentiation of the glioblastoma from lymphoma.
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Introduction
Glioblastoma (GBM) has been established as the most common 

malignant brain tumour in adults. GBM is characterized by fast 
growth and poor prognosis [1]. Median survival is generally less than 
one year from the time of diagnosis, and even in the most favourable 
situations, most patients will die within two years [2]. Although less 
common than GBM, the incidence of primary central nervous system 
(CNS) lymphoma has increased in the last three decades, especially 
in males [3]. Primary CNS lymphoma usually manifests as a high-
grade non-Hodgkin’s B-cell lymphoma with aggressive features. 
The median 5-year survival for primary CNS lymphoma is around 
30%. The treatment options for GBM and primary CNS lymphoma 
are significantly different. In GBM the first-line treatment is surgical 
resection [4]. Whereas, in primary CNS lymphoma, the first-line 
treatment is chemotherapy [5,6]. Consequently, these differences 

highlight the need to distinguish between these two entities on early 
diagnostic imaging.

Diffusion weighted imaging takes advantage of the diffusion of 
water molecules in normal human tissues and can create images where 
the signal is dependent on this molecular (Brownian) motion. The 
apparent diffusion coefficient (ADC) can then be calculated from these 
images and provides useful diagnostic information. Lower ADC values 
denote a higher degree of restricted diffusion, and these values can 
be used to quantitatively assess differences in the degree of restricted 
diffusion [7]. Previous investigations by Sugahara et al. [7] and Kono 
et al. [8] have demonstrated lower grade gliomas will typically have 
higher ADC values. Whereas higher grade gliomas typically have 
lower ADC values indicative of restricted diffusion secondary to 
hypercellularity [7,8]. Multiple other studies have shown that primary 
CNS lymphoma demonstrates restricted diffusion associated with the 
tumour’s hypercellularity [9-11]. 
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Previous investigations by Guo et al. [9] and Yamasaki et al. [11] 
have directly compared GBM and primary CNS lymphoma showing 
that differences in ADC value between primary CNS lymphoma 
and GBM are statistically significant – with lymphoma having lower 
ADC values. Yet, other studies have revealed this comparison to be 
more complicated with hypercellular GBMs also exhibiting restricted 
diffusion associated with low ADC values [12-16]. In 2008, studies 
done by Toh CH et al. [17] and Yamashita K et al. [18] have shown 
primary CNS lymphoma to have lower ADC values than GBM. To 
obtain the ADC values, Toh et al. [17] selected a single ROI placed in 
the center of solid enhancing tumour region, while Yamashita et al. 
[18] and Doskaliyev et al. [19] placed multiple ROIs spread throughout 
the entire tumour mass using various techniques. All of these authors 
used advanced imaging processing software for ROI placement and 
ADC value analysis. We set out to in investigate if similar results could 
be achieved with an experienced reader using a different technique by 
placing an ROI on a standard PACS workstation to obtain ADC values 
which would aid in diagnosis during real-time interpretation of the exam.

Materials and methods
Approval by the University of Texas and Memorial Hermann 

institutional review board was obtained. Forty-two (42) patients 
with pathology proven glioblastoma and 30 patients with pathology 
proven primary CNS lymphoma were retrospectively reviewed. The 
patients were selected from referrals to Memorial Hermann hospital 
at the Texas Medical Center from 2014-2017.  All patients underwent 
preoperative MR imaging on 1.5 or 3T magnets. Patients included in 
the study had not initiated steroids or other therapy prior to imaging. 
Patients with previous brain surgery or biopsy were also excluded. 
The minimum sequences required were ADC, FLAIR, T1WI, T1WI-
postcontrast, GRE or SWI, and T2WI. 

ADC values were acquired by two blinded readers (neuroradiology 
fellows) who placed regions of interest (ROIs) using a Centricity 
PACS workstation. The ROIs were placed in the areas of greatest 
hypointensity on the solid segment of the tumour using the ADC map 
excluding the areas with necrotic, cystic or haemorrhagic components 
by correlating with the other sequences such as the Gradient Echo 
(GRE), Susceptibility Weighted Imaging (SWI) and T2 weighted 
images (Figure 1). Both the “Minimum ADC Values” and “Mean ADC 
Values” were recorded for each patient. Control ROIs were placed in 
the normal contralateral white matter. Placement of one ROI in the 
solid segment of a tumour on the ADC map provides the reader with 

3 numbers for that specific region: “Minimum ADC Value”, “Mean 
ADC Value”, and “Maximum ADC Value”. Basically, a “Mean ADC 
Value” represents the mean of the ADC values of all the pixels/voxels 
in one region of interest. Previous studies have shown that “Minimum 
ADC Values” and “Mean ADC Values” are more reliable when they 
are implemented to distinguish different entities [9,11]. In this study 
and for simplification, we have only utilized the “Mean ADC values”. 

Given that the “Mean ADC Values” in both groups of patients 
showed non-normal distributions, we calculated the median of the 
“Mean ADC Values” for comparison. 

Statistical analysis was performed with SAS 9.4 (SAS Institute Inc. 
Cary, NC). Age distribution between two groups was compared by 
two-sample t-test. Gender differences were compared by Chi-square 
test. The ADC value and ROI area differences between the two groups 
were compared by Wilcoxon Rank-Sum Test. A p-value less than 0.05 
was considered significant. 

Results
Demographics for GBM included 16 females and 26 males with an 

age range of 13-86 years with a mean age of 59.2. Demographic data for 
the primary CNS lymphoma group included 18 females and 12 males 
with an age range of 21-83 years and a mean age of 65. Between the two 
groups there was no statistically significant difference in patient age 
(p = 0.37) using the two-sample t-test. There was also no statistically 
significant difference in patient gender (p = 0.06) using the Chi-square 
test. The median ROI area for reader 1 was 21.7 mm2 and the median 
ROI area for reader 2 was 14.2 mm2 in the GBM group. The median 
areas for reader 1 and reader 2 in the lymphoma group were 27 mm2 
and 13.5 mm2 respectively. The difference in area between the readers 
was statistically significant. However, it did not impact the results as 
there was no statistically significant difference in ROI area between the 
GBM and lymphoma groups.

The median of “Mean ADC Values” in the GBM group was 811 
(705,904) × 10-6 mm2/s (Median (Q1, Q3). Q1:1st quartile; Q3:3rd 
quartile) for reader 1 and 789 (758,881) × 10-6 mm2/s for reader 2. 
The median of “Mean ADC Values” in the lymphoma group was 599 
(510,718) × 10-6 mm2/s for reader 1 and 589 (508,654) × 10-6 mm2/s for 
reader 2 (Figures 2,3 and Table 1).

The median of “Mean ADC Values” (averaged between two 
interpreters) in the primary CNS lymphoma group was significantly 
lower than the median of “Mean ADC Values” in the glioblastoma 
group (p < 0.0001), where they were 582 (511,687) ×10-6 mm2/s for the 
lymphoma group and 789 (734,896) × 10-6 mm2/s for the GBM group. 

Discussion 
We demonstrated that the median of “Mean ADC Values” is 

significantly different when comparing GBM and primary CNS 
lymphoma. Specifically, primary CNS lymphoma showed a lower 
median “Mean ADC Value” than GBM, a finding thought to be related 
to hyper viscosity of tissue secondary to hypercellularity. The inverse 
relationship between ADC values and hypercellularity is supported by 
previous investigations [9]. 

In our study the intra-tumoral focus with the greatest degree of 
restricted diffusion underwent quantitative ADC value measurement 
by ROI placement. This novel approach does introduce a degree 
of subjectivity as the region is identified by the reader. However, it 
remains clinically pragmatic as the ROI can be placed at a standard 

Figure 1. Apparent diffusion coefficient maps of a patient with Glioblastoma (A.) and a 
patient with primary CNS lymphoma (B.). Region of interests (black circles) are placed in 
the areas with greatest hypointensity on the solid segment of the tumor
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Figure 2. Axial magnetic resonance imaging of the brain including (A) T1WI, (B) post-contrast T1WI, (C) T2WI, (D) FLAIR, (E) SWI, and (F) ADC map. The area with greatest 
hypointensity on the ADC map is selected for ROI placement. Extra information derived from other MR sequences about cystic/necrotic regions (asterisks), enhancing regions (black arrow), 
vasogenic edema (white arrows), and spots of susceptibility (black arrowhead) is utilized for accurate ROI placement

Figure 3. Distribution of “Mean ADC values” in primary CNS lymphoma and Glioblastoma

Median (Q1, Q3) Primary CNS Lymphoma Glioblastoma p-value
Reader 1 “Mean ADC Value” 599 (510-718) 811 (705-904) p < 0.05
Reader 2 “Mean ADC Value” 589 (508-654) 789 (758-881) p < 0.05

Average of 2 reads “Mean ADC Value” 582 (511-687) 789 (734-869) p < 0.05

Table 1. Comparison of intra-tumoral ADC values (x10-6 mm2/s) between primary CNS lymphoma and Glioblastoma. (*Wilcoxon rank-sum test)

Q1: 1st quartile, Q3: 3rd quartile
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PACS workstation while interpreting the exam using all available 
complementary sequences. It also doesn’t burden the interpreter with 
placing multiple ROIs in different regions of the tumour which can be 
time consuming.

It remains necessary to ensure the ROI is placed in an area which 
excludes necrotic, cystic, or haemorrhagic components of the tumour. 
Haemorrhage or necrosis may show greater diffusion restriction than 
the hypercellular solid tumour due to the associated increased hyper 
viscosity. We also avoided measuring the cystic component of the 
tumour as this would cause a falsely elevated ADC value. The placement 
of the ROIs was without regard to the enhancing or nonenhancing 
component of the tumour since we aimed not to be biased by the 
enhancement of the tumour in our measurement. The rationale behind 
this was to include the non-enhancing components of the tumours 
specifically in GBM which is notorious for having non-enhancing solid 
component demonstrating FLAIR hyperintensity.

Our method produces data which validates previous findings 
which show that ADC values are lower in primary CNS lymphoma 
[19]. Median of “Mean ADC Values” in the glioblastoma group were 
significantly higher than the median of “Mean ADC Values” in the 
primary CNS lymphoma group (p < 0.0001), confirming the utility of 
using ADC value measurement in distinguishing these entities – even 
if the values are obtained from a standard PACS workstation. Our 
findings suggest that a “Mean ADC Value” less than 700 × 10-6mm2/s 
should lead you to favour primary CNS lymphoma in developing 
your differential diagnosis. Previous studies involved placing multiple 
ROIs while avoiding haemorrhagic and cystic components using 
conventional imaging and found similar results [19]. Ahn et al. [20] 
examined multiple ROI placement methods and found them to be 
inconsistent. They describe a technique that generates an ADC value 
from the entire tumour volume being the most reproducible, and 
supportive of the finding that primary CNS lymphoma has lower ADC 
values than glioblastoma. The study by Yamashita et al. [18] yielded 
similar results while excluding blood vessels, necrosis, haemorrhage, 
and calcification but involved placing >10 ROIs within an enhancing 
region of the tumour. The study by Toh et al. [17] examined ADC and 
FA values using Nordic ICE (Nordic Image Control and Evaluation 
Version 2.16; Nordic Imaging Lab, Bergen, Norway) with an ROI 
placed in the enhancing region and found a significant difference for 
both yielding similar results to our study. 

Our approach is the easiest and more practical relative to prior 
studies which can facilitate the differentiation of these two important 
tumours faster and more efficiently. We measured ADC values in the 
region of greatest restricted diffusion present on the ADC map at a 
standard PACS workstation and this yielded statistically significant 
results. This confirms the validity of a more efficient method for 
measuring ADC values during real-time interpretation. However, 
an ADC value alone is not enough to provide a definite diagnosis 
when differentiating these tumours. An approach which uses ADC 
values complemented by other imaging techniques such as perfusion 
weighted imaging would provide the most accurate diagnosis to 
guide subsequent therapy. Kickingereder et al. [21] have shown 
that utilizing complementary conventional and advanced imaging 
techniques aids in differentiating GBM from primary CNS lymphoma. 
Dynamic susceptibility-weighted imaging (DSC), dynamic contrast 
enhancement (DCE), FDG-PET, and susceptibility-weighted imaging 
(SWI) have all been described to aid in differentiating GBM from 
primary CNS lymphoma [22-26]. Limitations in our study include 
sample size and selection bias since only patients who had pathological 

proven tumour were selected. In the near future, we will combine the 
ADC value data with rCBV perfusion ratios of the tumours for more 
robust and accurate non-invasive differentiation of primary CNS 
lymphoma and GBM.

In conclusion, an ADC value (a quantitative measure of restricted 
diffusion) is a useful imaging biomarker when differentiating between 
primary CNS lymphoma and GBM. A reproducible method to obtain 
ADC values during real-time interpretation is by placing a ROI over 
the solid areas of greatest restricted diffusion while avoiding necrotic 
and haemorrhagic components.

Conclusion 
Quantitative diffusion-weighted MR imaging using ADC values 

in standard PACS software can increase diagnostic accuracy when 
attempting to differentiate glioblastoma and primary CNS lymphoma.  
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