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  Original Article  

Primary central nervous system lymphoma 
(PCNSL) and high-grade glioma (HGG) have imaging 
characteristic different from each other. However, in 
many circumstances, these two types of neoplasm 
may appear with similar findings on conventional 

magnetic resonance (MR) imaging, causing difficulty 
in making a certain diagnosis(1-3). Therapeutic decision 
of PCNSL and HGG are also different, hence, it would 
be crucial to know if the diagnostic imaging tool could 
give further information for more accurate diagnosis 
between these two entities.

Perfusion MR imaging has been playing an 
important role in tumor imaging during the past 
decade. The clinically available technique of dynamic 
susceptibility contrast (DSC) perfusion has been used 
the most. Principle of DSC perfusion contributes to 
first-pass effect of gadolinium-base contrast agent 
injection through capillary bed induced T2*-weighted 
signal loss in extravascular space and measured 
change of transverse relaxivity resulting in relative 
cerebral blood volume (rCBV) estimation(4-7).

Many studies have shown that both PCNSL 
and HGG had increased rCBV, which was found to 
be higher in HGG rather than those of PCNSL(8-11). 
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Objective: To determine diagnostic accuracy of visualized dynamic susceptibility contrast (DSC) perfusion curve pattern in 
differentiation between primary central nervous system lymphoma (PCNSL) and high-grade glioma (HGG). 

Materials and Methods: Forty-one patients (nineteen cases of PCNSL and twenty-two cases of HGG) acquired between January 
2010 and November 2017 were included in the present study. The DSC perfusion curve patterns were retrospectively reviewed 
by two neuroradiologists, divided into two patterns as 1) return of time-intensity curve above the baseline after initial drop, 
and 2) return of time-intensity curve below or equal to baseline. Sensitivity, specificity, negative predictive value (NPV), positive 
predictive value (PPV), and accuracy were analyzed. 

Results: Return of time-intensity curve above the baseline on DSC perfusion was found in 15 of 19 (78.9%) PCNSL cases, and 
only two of 22 (9.1%) HGG cases, p-value<0.001; whereas return of time-intensity curve below or equal to baseline was found 
in only four of 19 (21.1%) PCNSL cases and 20 of 22 (90.9%) HGG cases, p-value<0.001. Return of time-intensity signal curve 
above the baseline pattern had sensitivity of 78.9%, specificity of 90.9%, PPV of 88.2%, NPV of 88.3%, and accuracy of 85.4% 
for diagnosis of PCNSL, respectively. 

Conclusion: Visualized DSC curve pattern has a role in differentiation between PCNSL and HGG. Presence of return of time-signal 
intensity curve above the baseline could suggest the diagnosis of PCNSL.
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Distinct patterns of DSC perfusion time-intensity 
curve were also described, with typical patterns 
of HGG as rapid signal intensity fall followed by 
returning curve below or equal to the baseline; while 
the majority of PCNSL showed overshoot of the 
signal intensity above the baseline(11-13). There are 
few studies reporting the diagnostic accuracy of 
visualization method of the DSC time-intensity curve 
analysis(14), as well as its reproducibility in routine 
clinical practice for differentiation between PCNSL 
and HGG. The purpose of the present study was to 
evaluate diagnostic accuracy of visualized DSC curve 
pattern in differentiation between PCNSL and HGG.

Materials and Methods
Patients

The present study retrospectively recruited all 
patients with histopathological diagnosis of PCNSL 
or HGG who underwent conventional MR imaging 
and DSC perfusion acquired between January 2010 
and November 2017. Patient data gathering was done 
using electronic medical record and picture archiving 
and communication system (PACS), including 
patient’s age, gender, immune status, and steroid use. 
Patients who had surgical tumor removal, radiation, 
or chemotherapy prior to DSC perfusion acquisition, 
as well as degraded image quality were excluded. 
From the 54 patients enrolled, after excluding the 
cases with degraded image quality and uncertain 
treatment history, 41 patients were included in this 
study, comprising 19 PCNSL and 22 HGG cases.

Image acquisition
Images were acquired in the routine conventional 

MR imaging by using 3T MR scanner (Philips 
Intera®, Philips Medical Systems, Best, Netherland) 
and 1.5T (Signa®, GE Medical Systems, Milwaukee, 
Wisconsin) equipped with standard head coil. DSC 
perfusion was performed using gradient-echo EPI 
sequences (TR=1,300 ms, TE=35 ms, FA=60°, FOV 
24×38 cm for 3T scanner; and TR=2,000 ms, TE=80 
ms, FA=90°, FOV 28×28 cm for 1.5T scanner). First, 
0.1 mmol per kg of gadobutrol was injected as a 
preload for the subsequent DSC perfusion to correct 
T1-weighted effect of vascular leakage on rCBV. 
After that, 0.1 mmol per kg of contrast material at rate 
of 5 ml per second was injected via injector at least 
five minutes after the preload injection. Perfusion 
images were analyzed using vendor provided software 
(In44telliSpace Portal®, Philips Medical Systems, 
Best, Netherland, and FuncTool® Performance, 
GE Medical Systems, Milwaukee, Wisconsin). The 

gamma-variate fitting of perfusion curves was used 
for brain tumor DSC-MR imaging data analysis. 
The CBV was relative measurement without using 
software modeling for rCBV correction.

Image analysis
Circular regions of interest (ROIs) were drawn 

in solid enhancing portion of the tumor, carefully 
avoiding the cystic parts, hemorrhage, or calcification. 
ROIs at contralateral normal appearing white matter 
were also routinely placed. ROI areas were ranging 
between 20 to 35 mm³ (5 to 7 pixels). DSC curve 
analysis was determined as two categories by visual 
inspection as 1) presence of returning curve above the 
baseline after initial signal intensity drop (Figure 1), 
and 2) returning curve below or equal to the baseline 
after initial signal intensity drop (Figure 2).

Figure 1. Return of time-signal intensity curve above the 
baseline after initial drop (arrow).

Figure 2. Return of time-signal intensity curve under the 
baseline after initial drop (arrow).
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Two neuroradiologists (one with seven and one 
with two years of experience in neuroradiology) 
were assigned as interpreters for interobserver 
reproducibility. Both interpreters were blinded to 
patient’s clinical information, pathological results, 
and conventional MR imaging. All cases interpreted 
in disagreement were reevaluated in consensus. 
Intraobserver reproducibility was done by the 
reevaluation of DSC curve analysis after at least 
1-month interval.

Statistical analysis
Analysis was performed using Stata, version 14 

(StataCorp. 2015. Stata Statistical Software: Release 
14. College station, TX: StataCorp LP). The standard 
diagnostic accuracy parameters included sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), and accuracy. Comparison 
of mean variables was analyzed by independent 
t-test. Differences in categorical variables between 
the groups were analyzed by using the chi-square 
test and Fisher’s exact test according to expected 
data frequency. The significance level was set 
at p-value less than or equal to 0.05. Intraclass 
correlation coefficient (ICC) was used for evaluation 
of reproducibility.

Results
Forty-one patients were enrolled in the present 

study, comprising of 22 men and 19 women. There 
were 19 cases of PCNSL and 22 cases of HGG. Of the 
19 PCNSL cases, 15 cases were diffuse large B-cell 
lymphoma, while the other cases were defined as 
unspecified non-Hodgkin lymphoma. Of the 22 HGG 
cases, there were 18 glioblastomas, three anaplastic 
astrocytomas, and one anaplastic oligoastrocytoma.

The mean age in patients with PCNSL was 
56.32±15.43 years, while that of HGG was 
51.64±20.04 years (p=0.413). Gender distribution 
was significantly different between the two groups 
(p=0.045), as there were seven (36.8%) males and 12 
(63.2%) females with PCNSL, and 15 (68.2%) males 
and seven (31.8%) females with HGG. For the steroid 
usage, there were only 34 cases with available data. 
None of 15 PCNSL cases had steroid administration 
prior to DSC MR imaging, while 15 (78.9%) out 
of 19 HGG cases received steroid (p<0.001). No 
significant differences in types of MRI machine 
usage between the two types of the tumor was found 
(p=0.599) (Table 1).

For PCNSL, 15 (78.9%) cases showed returning 
curve above the baseline after initial drop (Figure 3), 

while the other four (21.1%) cases revealed returning 
curve below or equal to the baseline. For HGG, 
only two (9.1%) cases (two glioblastomas) showed 
returning curve above the baseline, while the other 20 
(90.9%) cases revealed returning curve below or equal 
to the baseline (Figure 4, Table 2). The use of DSC 
curve pattern as presence of returning curve above 
the baseline had sensitivity of 78.9%, specificity of 
90.9%, PPV of 88.2%, NPV of 83.3%, and accuracy 
of 85.4% for the diagnosis of PCNSL. ICC was 0.825 
for reader 1, 0.907 for reader 2, and 0.872 between 

Table 1. Demographic data between PCNSL and HGG

PCNSL (n=19)
n (%)

HGG (n=22)
n (%)

 p-value

Age (year); mean±SD 56.32±15.43 51.64±20.04 0.413

Sex 0.045

Male 7 (36.8) 15 (68.2)

Female 12 (63.2) 7 (31.8)

Steroid use 0 (0.0) 15 (78.9) <0.001*

MRI machine 0.599

1.5T 4 (21.1) 5 (22.7)

3T 15 (78.9) 17 (77.3)

PCNSL=primary central nervous system lymphoma; HGG=high-grade 
glioma; SD=standard deviation
* p<0.05 is statistically significant

Table 2. Time-intensity curve pattern

Lymphoma
n (%)

Glioma
n (%)

p-value 

Reader 1/1

Above baseline 14 (73.7)  0 (0.0) <0.001*

Below or equal to baseline 5 (26.3) 22 (100)

Reader 1/2

Above baseline 13 (68.4) 1 (4.5) <0.001*

Below or equal to baseline 6 (31.6) 21 (95.5)

Reader 2/1

Above baseline 13 (68.4) 2 (9.1) <0.001*

Below or equal to baseline 6 (31.6) 20 (90.9)

Reader 2/2

Above baseline 14 (73.7) 2 (9.1) <0.001*

Below or equal to baseline 5 (26.3) 20 (90.9)

Consensus

Above baseline 15 (78.9) 2 (9.1) <0.001*

Below or equal to baseline 4 (21.1) 20 (90.9)

* p<0.05 is statistically significant
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the two readers (Table 3).

Discussion
In the present study, 15 cases (78.9%) of patients 

with PCNSL demonstrated return of time-intensity 
curve above the baseline on DSC perfusion, which  
had relatively high sensitivity of 78.9% for the 

diagnosis of PCNSL. This perfusion curve pattern 
also had high specificity of 90.9%, with PPV of 
88.2%, NPV of 83.3%, and accuracy of 85.4% for the 
diagnosis of PCNSL. Good reproducibility between 
different observers and the same observer over time 
was also noted.

The authors’ result is consistent with previous 
studies, which have proved difference of time-
intensity curve pattern between PCNSL and HGG. 
Hartman et al in 2003 showed that the characteristic 
signal overshoot above the baseline with relatively 
low maximum rCBV in six cases of PCNSL compared 
with six cases of GBM, and suggested that these two 
parameters were helpful in differentiating between 
the two entities(11). Another review of Chinchure et al 
in 2011 also gathered four typical perfusion curve 

Figure 3. Primary CNS lymphoma in a 45-year-old woman. (A) Axial contrast-enhanced T1 weighted image shows a thick 
irregular rim enhancing mass at the left basal ganglion. (B) DSC perfusion reveals mild hyperperfusion with return of time- 
signal intensity curve above the baseline after initial drop (arrow).

Figure 4. Glioblastoma in a 50-year-old man. (A) Axial contrast-enhanced T1 weighted image shows a thick irregular rim en-
hancing mass at the right parietal lobe. (B) DSC perfusion reveals marked hyperperfusion with return of time-signal intensity 
curve under the baseline after initial drop (arrow).

Table 3. Inter- and intraobserver variability

ICC (95% CI)

Interobserver 0.872 (0.801 to 0.917)

Intraobserver variability for reader 1 0.825 (0.671 to 0.906)

Intraobserver variability for reader 2 0.907 (0.826 to 0.951)

ICC=intraclass correlation coefficient; CI=confidence interval
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patterns of HGG, including 1) rapid steep fall in signal 
intensity (SI) with rapid return to baseline, 2) rapid 
steep fall in SI with a tendency to return to baseline 
but not reaching it, 3) rapid steep fall in SI with little 
tendency to return to baseline, and 4) rapid steep fall in 
SI with rapid return to baseline, followed by a second 
smaller dip, as well as, reported same characteristic 
signal overshoot of PCNSL(12).

This characteristic DSC perfusion curve pattern 
was thought to be the results of greater degree of 
blood-brain barrier (BBB) disruption and higher 
vascular permeability in PCNSL. On the other 
hand, relatively intact vascular integrity for HGG 
was found(11). On histopathology, PCNSL showed 
two distinctive populations of endothelial cells as 
1) electron-dense cells, indicative of apoptosis, which 
this cell death resulted in complete disintegration 
of the endothelium with frank discontinuities of 
the endothelial cell component of the blood-tumor 
barrier in capillaries and postcapillary venules, 
2) and electron-lucent cells, which had increased cell 
volume, indicated of cellular regeneration. Neither 
type of endothelial cells change was observed in 
gliomas, which also lacked perivascular neoplastic 
lymphocytic cuffing(15). Gadolinium based contrast 
agent extravasated into the extravascular extracellular 
space had effect in reducing the T2* signal-intensity 
loss by overwhelming T1 effects in the interstitium(11).

The quantitative analysis from studies of Mangla 
et al(16) in 2011 and Xing et al(14) in 2013 showed 
quantitative results for percentage signal intensity 
recovery, which was higher in PCNSL than in HGG. 
Threshold value at 89% gave 100% sensitivity, 
88.5% specificity, 87% PPV, 100% NPV, and 93.5% 
accuracy. The current study was focusing on visual 
inspection of curve pattern with evaluation of its value 
in routine clinical practice.

For steroid usage, the authors’ available data 
revealed significant steroid administration in HGG 
rather than PCNSL. The authors believe that these 
steroids can result in decreased degree of vasogenic 
edema but would not affect the tumor perfusion. 
A previous study about effect of dexamethasone 
on cerebral perfusion in HGG patients also agreed 
with this concept(17). The present study also showed 
different gender predilection between these two 
neoplasms. Previous study reported that there may 
be higher global cerebral perfusion in women than 
in men(18), but there has not been published data 
of gender relationship with CNS tumor perfusion 
pattern. However, the authors believe that this minor 
difference would not alter the present study result.

The present study had some limitations. It was 
retrospective study with relatively small sample 
size. Larger number of enrolled patients with highly 
delicate prospective control may give more accurate 
result.

Conclusion
PCNSL can be differentiated from HGG by 

presence of signal recovery above the baseline on 
DSC perfusion curve. This pattern can be used as a 
potentially specific marker for diagnosis of PCNSL 
with good reproducibility and can be easily applied 
in routine clinical practice.

What is already known on this topic?
There have been a few previous studies comparing 

DSC perfusion curve between PCNSL and HGG. 
Many cases of PCNSL showed characteristic signal 
recovery above the baseline, likely related to greater 
degree of BBB disruption.

What this study adds?
This study was focusing on visual inspection 

of DSC perfusion curve pattern comparing between 
PCNSL and HGG. Return of time-intensity curve 
above the baseline pattern was found in high 
percentage of PCNSL cases. However, this perfusion 
curve pattern could be found in some HGG cases. 
In addition, return of time-intensity curve above the 
baseline pattern had high sensitivity, specificity, and 
accuracy for the diagnosis of PCNSL. 
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