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Abstract
Purpose Some MR perfusion features predict overall survival (OS) and progression-free survival (PFS) in glioblasto-
mas. Prognostic value of MR perfusion in primary CNS lymphomas (PCNSL) remains unexplored being the aim of this 
investigation.
Methods We retrospectively analyzed 3Tesla dynamic susceptibility contrast MR perfusion in 37 pre-surgical PCNSL for 
normalized regional cerebral blood volume  rCBVmean and  rCBVmax and for a PCNSL-typical shoulder-like increase of the 
time–signal intensity curve (“TSIC-shoulder”), indicating moderate vessel permeability. These MR perfusion features, tumor 
and edema size, number of lesions and patient characteristics were correlated with OS and PFS.
Results Only patient’s age was prognostic for OS (p = 0.0037) and PFS (p = 0.0088). 23 PCNSL had the TSIC-shoulder, 
a middle-sized diameter (39.5 ± 10.8 mm), volume (15.7 ± 11.3 ml), peritumoral edema (23 ± 8.7 mm) and moderately 
increased  rCBVmean and  rCBVmax (1.7 ± 0.5; 3.9 ± 1.2). Seven PCSNL with the TSIC-shoulder presented a sun-like pattern 
(“rCBV-sun”) with a rim of marginally high rCBV. These unifocal PCNSL were larger (43 ± 11.2 mm; 25.62 ± 19.2 ml), with 
more peritumoral edema (32.8 ± 7.6 mm) and lower  CBVmean (0.8 ± 0.3) and  rCBVmax (2.2 ± 0.7), compared to the remain-
ing six multifocal PCNSL without the TSIC-shoulder (26.3 ± 8.3 mm; 4.7 ± 4 ml; 16.3 ± 6.4 mm; 2.4 ± 1.6; 4.4 ± 2.3).
Conclusions Only patient age was predictive for OS and PFS of PCNSL; MR perfusion parameters and features were not. 
Most PCNSL revealed the TSIC-shoulder, moderate size, peritumoral edema and rCBV increase. However, larger, solitary 
PCNSL additionally had a rCBV-sun pattern and more edema, maybe due to a centrifugal vessel proliferation, whereas 
smaller, multifocal PCNSL contain apparently more concentrated and less permeable blood vessels represented by higher 
rCBV, no TSIC-shoulder and less edema.

Keywords Primary CNS lymphoma · MR perfusion · rCBV · Overall survival · Progression-free survival · Prognostic value

Introduction

Primary central nervous system lymphomas (PCNSL) affect 
more and more patients in our aging western population, but 
remain rare compared to other intracranial tumors such as 
glioblastomas [1–3]. The diagnosis of PCNSL is challeng-
ing because the MR morphology of PCNSL may imitate 
glioblastomas. However, differentiation of suspected PCNSL 

from glioblastomas is of high clinical relevance, as their 
therapy strategies differ crucially and pre-surgical treatment 
of PCNSL with corticosteroids has to be avoided [4, 5]. MR 
perfusion techniques, such as the T2*-weighted dynamic 
susceptibility contrast-enhanced (DSC)-perfusion, improve 
pre-surgical differentiation of PCNSL from glioblastomas. 
The regional cerebral blood volume (rCBV) of the contrast-
enhancing tumor normalized to the rCBV of the contralateral 
brain is a biomarker for neoangiogenesis in glioblastomas, 
correlating positively with the histological tumor grade 
[6–10] and negatively with the patients’ prognosis [11, 12].

In contrast to metastases, infiltrating glioblastomas are 
further characterized by a penumbral pattern of rCBV 
increase exceeding the central contrast-enhancing area 
[13–16]. PCNSL not only have an infiltrative growth pattern, 
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but may also show a penumbral rCBV increase similar to 
glioblastomas [17, 18].

Further, it has been shown that rCBV in PCNSL is mod-
erately increased to the contralateral brain, but still lower 
when compared to glioblastomas [17–26]. PCNSL may have 
a shoulder-like increase in the time–signal intensity curves 
(TSIC) at the end of the first passage of the contrast agent 
bolus through the microvasculature indicating moderate 
interstitial contrast agent leakage [17, 23, 24, 27–30]. This 
phenomenon is also known as the “TSIC-shoulder” [17].

The predictive value of these MR perfusion features for 
overall survival (OS) and progression-free survival (PFS) 
has not been investigated so far, being the aim of this ret-
rospective study, together with other tumor and patient 
characteristics.

Patients and methods

Patients, first‑line treatment and prognostic scores

We retrospectively selected all consecutive immunocompe-
tent adult patients with PCNSL, who received a preopera-
tive MRI examination including perfusion weighted images 
(PWI) with a T2*-weighted technique, using dynamic sus-
ceptibility contrast-enhanced (DSC)-MRI, between 11/2009 
and 07/2014. We excluded all tumors with large areas of 
necrosis on the T2-weighted images and only included 
PCNSL with homogenous contrast-enhancing lesions on 
T1-weighted images as characteristic MR imaging features 
of the majority of PCNSL in immunocompetent patients 
[31].

The local ethics committee approved this retrospective 
study. Patient consent form was waived by the ethics com-
mittee due to the retrospective design of the study. All MRI 
examinations followed clinical indications; no extra scans 
were performed for study reasons.

Histopathological diagnosis was based on stereotactical 
biopsies in all patients. Tumors were classified according 
to the World Health Organization (WHO) classification of 
brain tumors [32]. None of the patients had received treat-
ment before the MRI examination.

Systemic immune-chemotherapy based on rituximab (R) 
and high-dose methotrexate (HDMTX) is the backbone of 
basic PCNSL therapy [33]. In our clinic, patients ≥ 65 years 
usually receive a first-line rituximab and high-dose metho-
trexate (R-HDMTX) based immune-chemotherapy [34, 35], 
whereas the younger patients or older patients in adequately 
good clinical condition undergo a sequential immune-
chemotherapy with a R-HDMTX based induction therapy 
followed by a carmustine (BCNU) based intensified high-
dose chemotherapy and autologous stem-cell transplanta-
tion (HDCT-ASCT) [36, 37]. For each patient, we assessed 

the prognostic scores Karnofsky Performance Status (KPS), 
Eastern Co-operative of Oncology Group (ECOG), Memo-
rial Sloan-Kettering Cancer Center (MSKCC) at tumor 
diagnosis.

MR examination

MRI examination was performed at a 3T scanner (Verio; 
Siemens, Erlangen, Germany). PWI was performed with 
a T2*-weighted technique, using DSC-MRI with a gra-
dient-echo planar imaging sequence with 50 dynamic 
measurements (TR  =  1880, TE  =  30, flip angle 90°, 
FOV = 230 × 230 mm, matrix = 128 × 128, 3 mm slice 
thickness, 0.6 mm slice gap). Intravenous injection of 0.1 ml/
kg Gadobutrol (1 M Gd-DO3A-butrol) using a power injec-
tor with a flow rate of 5 ml/s was followed by injection of 
a 20 ml bolus of 0.9% saline delivered at the same flow 
rate. The artery input function was defined in the mid-
dle cerebral artery of the diseased hemisphere. Thereaf-
ter, T1-weighted axial spin-echo sequence (TR = 600 ms, 
TE = 9 ms, FOV = 230 mm × 230 mm, matrix: 256 × 256, 
3–4 mm slice thickness, 1 acquisition) was acquired as refer-
ence images using the same orientation and slice thickness 
as the PWI sequence.

PCNSL characteristics and morphology

We assessed the number of non-confluent PCNSL lesions, 
tumor size, volume and the peritumoral edema width as MR 
morphological parameters. Tumor size was measured (R.V., 
S.B.) by the maximal tumor diameter on the axial, sagittal 
and coronal plane on the contrast-enhanced T1-weighted 
sequence, depicting the solitary PCNSL or the biggest lesion 
of multifocal PCNSL. Further, we estimated the tumor 
volume according to the product of these three diameters 
divided by two (length × width × height/2) [38] and deter-
mined the width of peritumoral edema width in modification 
to Tung et al. [39] (Fig. 1).

rCBV analysis

rCBV maps were generated with  Syngo® Software (Siemens 
Medical Systems) featuring standard algorithms [40, 41] 
implemented at the MR scanner. The beginning and end of 
the first-pass bolus were determined through inspection of 
time–signal intensity curves (E.H., S.B.) with experience 
in interpreting dynamic perfusion images), and care was 
taken to exclude any recirculation-related signal. For rCBV 
calculations, only the area under the curve of the first-pass 
bolus was considered, as a simple measure to minimize the 
previously described confounding effects of contrast agent 
leakage [22].
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Gray-coded rCBV maps were generated and aligned with 
the corresponding T1-weighted images to provide better 
visualization of tumor boundaries. First, we identified the 
contrast-enhancing tumor on the T1-weighted sequence. 
Then, we manually drew irregularly shaped ROIs (region of 
interests) covering the entire enhancing tumor on the rCBV 
parameter (R.V.). ROIs were carefully placed to exclude 
gray matter or vessels in each slice depicturing the tumor, 

by simultaneously reviewing the rCBV parameter map and 
the T1-weighted sequence that were linked to each other. 
After initial ROI measurements we performed a second-
look analysis, thoroughly checking the first ROI placement 
and correcting any accidental ROI inclusion of cortical and 
vessel structures (R.V. and S.B.). We documented the aver-
age rCBV value  (rCBVmean) and the maximal rCBV value 
 (rCBVmax) with their corresponding standard deviations. 

Fig. 1  Exemplary measure-
ment of the peritumoral edema 
width as the maximal distance 
from the edge of PCNSL to 
the periphery of the surround-
ing hyperintense margin on 
the axial T2-weighted images 
(red arrowed line in j), the 
visually assessed MR perfu-
sion pattern as “the rCBV-sun 
(yellow streaks in k) and the 
typical MR perfusion feature 
named the “TSIC-Shoulder” 
with a baseline overshooting 
time–signal intensity curve (e, 
i, m). Exemplary case of each 
MR perfusion pattern subgroup 
with: Group 1 a–d: PCNSL 
without a TSIC-shoulder and 
without a rCBV-sun. Group 
2 e–h: PCNSL with a TSIC-
shoulder and without a rCBV-
sun. Group 3 i–l: PCNSL with 
a TSIC-shoulder and with a 
rCBV-sun
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These rCBV values were related to a standardized 30 mm2 
ROI in the normal-appearing white matter of the contralat-
eral hemisphere. Hence, all rCBV values were expressed as 
normalized ratios. This approach has been shown to provide 
the best inter- and intraobserver reproducibility in previous 
studies [11, 42].

TSIC‑shoulder analysis

The signal intensity curves were generated and evaluated 
using the  Syngo® Software (Siemens Medical Systems). 
We (R.V., S.B.) visually assessed, if signal recovery after 
the first pass signal drop exceeded baseline level which is 
defined as “TSIC-shoulder” (Fig. 1); and accordingly signal 
recovery to baseline or below baseline level was defined as 
absence of the TSIC-shoulder. Consequently, PCNSL were 
divided in”PCNSL with TSIC-shoulder” and “PCNSL with-
out TSIC-shoulder”.

Analysis of MR perfusion pattern: TSIC‑shoulder 
and rCBV‑sun

Reviewing the rCBV maps of the PCNSL, we visually rec-
ognized a new sun-like rCBV pattern in some PCSNL with 
a central decrease and a peripheral rCBV increase resem-
bling sunbeams. We named this MRI perfusion pattern 
“rCBV-sun” according to its morphological resemblance 
(Fig. 1). The central parts of the rCBV-sun with decreased 
rCBV showed a homogenous enhancement on the equiva-
lent contrast-enhanced T1-weighted images. Further, there 
were no visible matching necrotic areas on the correspond-
ing T2-weighted images. Moreover, tumors with large visu-
ally delineable necrotic areas had been primarily excluded 
from the analysis.

In addition to the TSIC-shoulder, the PCNSL feature 
“PCNSL with rCBV-sun” respective “PCSNL without 
rCBV-sun” was also considered in the MR perfusion pattern 
analysis, defining three PCNSL subgroups (Fig. 1):

Group 1 PCNSL without a TSIC-shoulder and without 
a rCBV-sun.

Group 2 PCNSL with a TSIC-shoulder and without a 
rCBV-sun.

Group 3 PCNSL with a TSIC-shoulder and with a 
rCBV-sun.

Statistics, overall survival and progression‑free 
survival analyses

Statistical analyses were performed using JMP 13.1 (SAS, 
Cary, North Carolina, USA) and BIAS™ version 10.12 soft-
ware (2014 Epsilon, Frankfurt, Germany) with a significance 
level of p < 0.05.

We assessed the date of death (DOD) or the date of last 
contact (censored patient`s) for statistical analysis of the 
overall survival (OS) of our patient cohort. Calculation of 
OS was started from the day of stereotactical biopsy [43].

Progression-free survival (PFS) was defined as the time 
from the day of stereotactical biopsy to first documentation 
of disease progression on imaging or death from lymphoma 
within 4 months. Patients that were at complete remission 
(CR) at the time point of data analysis were censored at their 
last visit [44].

Prognostic value of the tumor and patient associated 
data (tumor size, tumor volume, peritumoral edema width, 
 rCBVmean and  rCBVmax values, patient age and sex, as well 
as KPS, ECOG and MSKCC) on OS and PFS was tested 
in univariate analyses by the Chi-squared test. For the dif-
ferences of OS and PFS in the dichotomized patient cohort 
“PCNSL with TSIC-shoulder” and “PCNSL without TSIC-
shoulder”, we performed a log-rank and Wilcoxon matched 
pairs, as well as a Kaplan–Meier analysis. Further, we per-
formed a subgroup analysis of the MR perfusion features 
rCBV-sun and TSIC-shoulder using a Kruskal–Wallis test.

Statistical analysis of the three basic therapy groups 
(R-HDMTX, HDCT-ASCT, alternative therapy) in respect to 
their prognostic scores (age, KPS, ECOG, MSKCC) and MR 
perfusion parameters (MR perfusion subgroup,  rCBVmean 
and  rCBVmax) was performed by a Kruskal–Wallis test. Fur-
ther, PFS and OS Kaplan–Meier analyses of the three basic 
therapy regimes (R-HDMTX, HDCT-ASCT; alternative 
therapy) were performed.

Results

Patients, first‑line treatment and prognostic scores

37 patients (18 female, 19 male) with histopathological 
approved PCNSL were included in the study with a mean 
age of 64 ± 11.2 years ranging from 46 to 82 years. All 37 
PCNSL were diffuse large B-cell lymphomas with the mor-
phological variant of T-cell rich B-cell lymphomas in two of 
them. At the time point of OS analysis, 23 out of 37 patients 
(62%) were dead and 14 patients (38%) were censored at 
their last visit. Two patients with tumor progression were 
still alive at the time point of analysis and 12 patients were 
censored at CR for PFS analysis. Median OS and PFS was 
664 days (21.8 months; range 34–2691 days) and 589 days 
(19 months; range 26–2691 days), respectively.

18 PCNSL patients showed singular solid contrast-
enhancing tumors, 19 patients had multiple non-confluent 
solid PCNSL lesions (ranging from 2 to 10 lesions).

Patient age at PCNSL diagnosis was negatively associ-
ated with OS (p = 0.0037) and PFS (p = 0.0088), whereas 
the prognostic scores KPS, ECOG and MSKCC revealed no 
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statistically relevant effect on OS and PFS. Patient’s sex was 
not predictive for the OS or PFS (Table 1).

Patients had different first-line therapeutic regimen. 
Eighteen patients received a first-line immune-chemotherapy 
based on R-HDMTX [34, 35], fourteen patients received 
HDCT-ASCT [36, 37] and five patients received alterna-
tive therapy concepts due to their poor clinical condition 
at PCNSL diagnosis [KPS of 38 (mean, range 20–50)] 
(Table 2). These patients received rituximab monotherapy 
(n = 1), combined with whole brain radiation (n = 2) or 
whole brain radiation therapy alone (n = 2).

The HDCT-ASCT therapy concept revealed the longest 
PFS and OS, not even reaching the median PFS and median 
OS with more than half of the patients still alive and in CR 
at the time point of analysis. Therefore, PFS and OS of the 
patients following HDCT-ASCT basic therapy was longer 
compared to the R-HDMTX (median PFS 220 days and 
OS 320 days) and alternative therapy groups (median PSF 
55 days and OS 157 days) with p < 0.001 for each. PFS in 
the R-HDMTX group was significantly longer than in the 
group of patients with alternative therapy regimes (p < 0.05) 
(Table 2, Fig. 2). However, age and prognostic scores (KPS, 
ECOG and MSKCC) also differed significantly between the 
three therapy concepts, whereas their MR perfusion param-
eters (proportion of MR perfusion subgroup  rCBVmean and 
 rCBVmax) did not (Table 2).

PCNSL characteristics and morphology

MR morphological criteria (tumor volume and maximal 
diameter, number of tumor lesions, peritumoral edema 
width) were not predictive for the OS or PFS (Table 1).

rCBV analysis

ROI based rCBV measurements of  rCBVmean and  rCBVmean 
were performed in 36 of the 37 PCNSL patients. In one 
patient, the definition of the beginning and end of the first-
pass bolus was not possible due to a flattened and broad 
first bolus drop and ergo rCBV establishment failed.

Compared to the reference ROI in the normal-appear-
ing white matter  rCBVmean was increased in 30 out of the 
36 PCNSL patients with rCBV measurements (= 83%) 
(mean 1.67 ± 0.9 ranging from 0.05 to 4.12) and  rCBVmax 
was increased in 34 of all 36 PCNSL patients (mean 
3.69 ± 1.54, ranging from 0.94 to 7.55) with rCBV meas-
urements. Neither  rCBVmean nor  rCBVmax was predictive 
for the OS or PFS (Table 1).

TSIC‑shoulder analysis

The analysis of the TSIC curve in respect to the appear-
ance or absence of the TSIC-shoulder was possible in all 
37 patients. The TSIC-shoulder was found in 31 out of all 
37 patients (84%) and there were six PCSNL without a 
TSIC-shoulder.

The OS and PFS revealed no significant differ-
ences between the patient subgroups “PCNSL with a 
TSIC-shoulder” vs. “PCNSL without a TSIC-shoulder” 
with a median OS of 930 days vs. 664 days and with 
p = 0.5108/0.522 (log-rank/Wilcoxon) and a median PFS 
of 987 vs. 347 days and with p = 0.3618/0.4104 (Fig. 2).

Table 1  Tumor and patient 
associated PCNSL criteria 
at diagnosis and their effect 
on the overall survival and 
progression-free survival

PCNSL primary CNS lymphoma, OS overall survival, PFS progression-free survival, SD standard devia-
tion, KPS Karnofsky Performance Status, ECOG Eastern Co-operative of Oncology Group, MSKCC 
Memorial Sloan-Kettering Cancer Center
* Significant with p < 0.05, rCBV regional cerebral blood volume

Parameter Mean ± SD (range) OS
p value

PFS
p value

Patient age [years] 64 ± 11.2 (46–82) p = 0.0037* p = 0.0088*
Sex (female/male) 18/19 p = 0.5574 p = 0.6693
KPS 61 ± 16.5 (20–90) p = 0.1027 p = 0.4075
ECOG 1.8 ± 1 (0–4) p = 0.2087 p = 0.5518
MSKCC 2.3 ± 0.7 (1–3) p = 0.073 p = 0.0734
Tumor volume [ml] 15.7 ± 13.4 (0.7–62.3) p = 0.7922 p = 0.7583
Tumor size [mm] 37.9 ± 11.4 (16.9–64.1) p = 0.9571 p = 0.8964
Number of lesions 3.4 ± 3.4 (1–10) p = 0.7019 p = 0.3548
rCBVmean 1.67 ± 0.9 (0.05–4.12) p = 0.5515 p = 0.5184
rCBVmax 3.69 ± 1.54 (0.94–7.55) p = 0.4674 p = 0.3778
Peritumoral edema [mm] 24.4 ± 9.9 (6.5–44.9) p = 0.4018 p = 0.266
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Analysis of MR perfusion pattern: TSIC‑shoulder 
and rCBV‑sun

Measurements of rCBV were possible in 36 out of all 37 
patients. For statistical analysis and comparison of the MR 
perfusion pattern subgroups, the patient without measurable 
rCBV values was excluded (n = 36).

The majority of PCNSL belonged to the subgroup of 
PCNSL with the TSIC-shoulder and no rCBV-sun (group 
2; n = 23, Figs. 1, 3, Table 3). They were further charac-
terized by middle tumor sizes, volumes and peritumoral 
edema widths, as well as moderately increased rCBV values 
(Table 3, Figs. 1, 3).

The other two PCNSL-MR perfusion pattern subgroups 
were fewer and differed in tumor sizes and peritumoral 
edema widths.

The PCNSL with the TSIC-shoulder and the rCBV-sun 
(group 3; n = 7, Figs. 1, 3, Table 3) were larger tumors than 

the PCNSL without the TSIC-shoulder and no rCBV-sun 
(group 1; n = 6, Figs. 1, 3, Table 3). In addition, they were 
surrounded by larger peritumoral edema rim and had signifi-
cant lower rCBV values (Table 3, Figs. 1, 3). Comparison 
of the number of lesions of group 3 vs. group 1 revealed a 
higher lesion load in the latter (6 vs. 1; p = 0.0043, Table 3 
and Figs. 1, 3). Correlation of OS and PFS analyses between 
the three MR perfusion pattern subgroups was not possible 
due to their small sample sizes (Table 3).

Discussion

In contrast to glioblastomas, PCNSL are not hypervascular 
tumors. Since rCBV values correspond to the microvessel 
density [45], neoangiogenesis in glioblastomas is reflected 
by marked rCBV increases [46]. Although neoangiogen-
esis is absent or only marginal in PCNSL [47–49], PCSNL 

Table 2  Clinical data and prognostic scores of first-line treatment in correlation to their MR perfusion parameters

R-HDMTX rituximab and high-dose methotrexate immune-chemotherapy, HDCT high-dose chemotherapy, ASCT autologous stem-cell trans-
plantation, TSIC time–signal intensity curve, SD standard deviation, DLBL Diffuse large cell B-cell lymphoma, rCBV regional cerebral blood 
volume, KPS Karnofsky Performance Status, ECOG Eastern Co-operative of Oncology Group, MSKCC Memorial Sloan-Kettering Cancer 
Center, PFS progression-free survival, OS overall survival, CR complete remission
* Significant with p < 0.05 and with ** p < 0.01

Group 1
(R-HDMTX)

Group 2
(HDCT-ASCT)

Group 3
(alternative therapy)

p value

Total number of patients (n) 18 14 5
MR perfusion subgroup I (n) 3 3 0 1 vs. 2: p = 0.7408

1 vs. 3: p = 0.4263
2 vs. 3: p = 0.4157

MR perfusion subgroup II (n) 12 9 3
MR perfusion subgroup III (n) 3 2 2
Age [years] (mean ± SD)
(range)

69 ± 10
(47–79)

56 ± 7
(46–68)

66 ± 15
(50–82)

1 vs. 2: p = 0.0021**
1 vs. 3: p = 0.6612
2 vs. 3: p = 0.0765

KPS (mean ± SD)
(range)

65 ± 15.4
(40–90)

64.3 ± 12.8
(40–80)

38 ± 11
(20–50)

1 vs. 2: p = 0.858
1 vs. 3: p = 0.0057**
2 vs. 3: p = 0.0069**

ECOG (mean ± SD)
(range)

1.5 ± 0.9
(0–3)

1.6 ± 0.6
(1–3)

3 ± 0.7
(2–4)

1 vs. 2: p = 0.509
1 vs. 3: p = 0.0038**
2 vs. 3: p = 0.0114*

MSKCC score (mean)
range

2
(1–3)

2
(1–3)

3
(3)

1 vs. 2: p = 0.6442
1 vs. 3: p = 0.0526
2 vs. 3: p = 0.0439*

rCBVmean (mean ± SD)
(range)

1.6 ± 0.9
(0.05–4.0)

1.9 ± 1.0
(2.7–4.1)

1.1 ± 0.4
(0.7–1.5)

1 vs.2; p = 0.4506
1 vs. 3; p = 0.4506
2 vs. 3; p = 0.1505

rCBVmax (mean ± SD)
(range)

3.5 ± 1.6
(0.9–7.3)

4.2 ± 1.5
(2.2–7.6)

2.9 ± 1.2
(1–3.9)

1 vs. 2; p = 0.2272
1 vs. 3; p = 0.5462
2 vs. 3; p = 0.2271

Median PFS (range) [days]
Deceased or recurrent/censored at CR

220 (46–2303)
17/1

–
3/11

55 (26–273)
5/0

1 vs. 2; p < 0.001**
1 vs. 3; p = 0.0193*
2 vs. 3; p < 0.001**

Median OS (range) [days]
Deceased/alive

319.5 (48–2407)
15/3

–
3/11

157 (47–425)
5/0

1 vs. 2; p < 0.001**
1 vs. 3; p = 0.0659
2 vs. 3; p < 0.001**



653Journal of Neurology (2018) 265:647–658 

1 3

also seem to interact with the vasculature of the brain, since 
PCNSL usually present with moderately increased rCBV 
values [17, 18, 20–26, 28, 29, 50, 51]. However, the prog-
nostic effect of rCBV in PCNSL remains obscure and rCBV 
pattern analysis has not yet been performed.

PCNSL may show a characteristic time–signal intensity 
curve in MR perfusion known as the TSIC-shoulder [17]. 
This phenomenon was explained by moderate vessel perme-
ability causing a late interstitial accumulation of contrast 
agent [17, 18, 23, 24, 27–30, 51] that is thought to induce 
T1-shortening effects with a shoulder-like increase at the 
end of the time–signal intensity curve. This hemodynamic 
feature is typical for PCNSL [24], whereas the immediate 
interstitial extravasation of contrast agent in glioblastomas 
occurs during the first signal drop [17]. However, the predic-
tive value of the TSIC-shoulder on OS and PFS in PCNSL 
has not been investigated so far.

In the current study, we could confirm that the TSIC-
shoulder appears in the majority of PCNSL, but the pres-
ence of the TSIC-shoulder in PCNSL was neither predic-
tive for OS nor for PFS. In fact, besides patient age at 
PCNSL diagnosis, no other evaluated patient or tumor 

Fig. 2  Kaplan–Meier analysis shows a no statistical PFS differences 
comparing “PCNSL with the TSIC-shoulder” (blue curve) with 
“PCNSL without the TSIC-Shoulder” (red curve); b no statistical OS 
differences comparing “PCNSL with the TSIC-shoulder” (blue curve) 
with “PCNSL without the TSIC-shoulder” (red curve); c significantly 
longer PFS in the PCNSL patients following HDCT-ASCT first-line 

therapy (green curve), compared to the patients with R-HDMTX 
basic therapy (red curve) and alternative therapy (blue curve); d 
significantly longer OS in the PCNSL patients following HDCT-
ASCT first-line therapy (green curve), compared to the patients with 
R-HDMTX basic therapy (red curve) and alternative therapy (blue 
curve)

Fig. 3  Boxplots summarizing significant differences of tumor-associ-
ated data of the MR perfusion pattern subgroups



654 Journal of Neurology (2018) 265:647–658

1 3

related parameter (sex, number of lesions, tumor size, 
peritumoral edema width,  rCBVmean and  rCBVmax values, 
ECOG, KPS, MSKCC) was associated with the OS and 
PFS time in PCNSL patients. In accordance with previous 
studies, age was negatively correlated with OS of PCNSL 
patients [43, 52, 53].

We also considered first-line therapy into our prognos-
tic analysis, revealing longer OS and PFS in the group 
of patients receiving intensified HDCT-ASCT therapy, 
compared to the group of patients with R-HDMTX based 
immune-chemotherapy alone or alternative therapeutic 
concepts at first sight. However, when comparing the age 
and KPS structure of the three patient groups, it is evi-
dent that these prognostic differences rather seem to be an 
effect of patient age and/or their clinical status at PCNSL 
diagnosis. Interestingly, MR perfusion parameters did 
not differ between the three therapy regimens as another 
hint they do not seem to influence prognosis of PCNSL 
patients.

Valles et  al. [54] also found various CBV levels in 
PCNSL. In contrast to our results, they found patients hav-
ing PCNSL with higher rCBV values had a longer OS and 
PFS. The authors discussed that the shorter OS and PFS in 
patients having PCNSL with lower rCBV may be caused by 
a hypoxic microvessel environment decreasing the delivery 
of intravenous chemotherapeutics to the tumor.

In the current study, we observed different MR perfusion 
patterns in relation to the tumor morphology, the tumor sizes 
and widths of peritumoral edema. Further, we noticed differ-
ent MR perfusion characteristics in multifocal and solitary 
PCNSL. The majority of solitary PCNSL revealed the TSIC-
shoulder, moderately increased rCBV values and a moderate 
size of tumor and peritumoral edema rim. During our analy-
sis, we visually recognized a new “rCBV-sun” pattern in the 
rCBV maps of a small number of PCNSL. The rCBV-sun 
describes PCNSL with centrally lowered rCBV values and 
a sunbeam-like rCBV increase at the tumor margin of the 
contrast-enhancing tumor area. This pattern was exclusively 

Table 3  Patient and tumor associated PCNSL criteria of the MR perfusion pattern subgroup analysis

PCNSL primary CNS lymphoma, TSIC time–signal intensity curve, SD standard deviation, DLBL Diffuse large cell B-cell lymphoma, OS over-
all survival, rCBV regional cerebral blood volume, PFS progression-free survival, CR complete remission
* Significant with p < 0.05 and with ** p < 0.01

Group 1 Group 2 Group 3 p value

TSIC-shoulder No Yes Yes
rCBV-sun No No Yes
Age [years] (mean ± SD)
(range)

65 ± 5
(59–74)

61 ± 12
(46–77)

71 ± 10
(52–82)

1 vs. 2: p = 0.54
1 vs. 3: p = 0.46
2 vs. 3: p = 0.098

DLBL (n) 5 22 7
T-cell rich (n) 1 1 0
Peritumoral edema width [mm] (mean ± SD)
(range)

16.3 ± 6.4
(9.5–26.5)

23 ± 8.7
(6.5–39.1)

32.8 ± 7.6
(22.5–42.6)

1 vs. 2; p = 0.0965
1 vs. 3; p = 0.0047**
2 vs. 3; p = 0.0263*

Tumor volume [ml] (mean ± SD)
(range)

4.7 ± 4
(0.7–12.2)

15.7 ± 11.3
(1.7–44.8)

25.6 ± 19.2
(5.2–62.3)

1 vs. 2; p = 0.0166*
1 vs. 3; p = 0.0072*
2 vs. 3; p = 0.2191

Tumor size [mm] (mean ± SD) 26.3 ± 8.3
(16.9–40.3)

39.5 ± 10.8
(17.1–58.7)

43 ± 11.2
(29.9–64.1)

1 vs. 2; p = 0.0207*
1 vs. 3; p = 0.0207*
2 vs. 3; p = 0.4328

Mean number of lesions
(range)

6
(1–10)

3
(1–10)

1
(1)

1 vs. 2; p = 0.0884
1 vs. 3; p = 0.0043**
2 vs. 3; p = 0.0263*

rCBVmean (mean ± SD)
(range)

2.4 ± 1.6
(0.1–4.1)

1.7 ± 0.5
(1.2–3.2)

0.8 ± 0.3
(0.3–1.2)

1 vs.2; p = 0.4188
1 vs. 3; p = 0.0007**
2 vs. 3; p = 0.0005**

rCBVmax (mean ± SD)
(range)

4.4 ± 2.3
(0.9–7.6)

3.9 ± 1.2
(1.8–7.3)

2.2 ± 0.7
(1–3.3)

1 vs. 2; p = 0.5975
1 vs. 3; p = 0.0049**
2 vs. 3; p = 0.0026*

Median PFS (range) [days]
Deceased or recurrent/censored at CR

– (161–2691)
3/3

300 (26–2617)
17/6

1682 (55–2662)
4/3

Median OS (range) [days]
Deceased/alive

– (161–2691)
3/3

418 (47–2617)
15/8

1682 (55–2662)
4/3
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found in PCNSL with the TSIC-shoulder and characterized 
larger tumors with larger peritumoral edema rims and lower 
rCBV values measured in the entire contrast-enhancing 
tumor region. In contrast, small-sized multifocal PCNSL 
were characterized by the absence of the TSIC-shoulder and 
the rCBV-sun. Further, they revealed small edema rims and 
relatively high measured rCBV values.

Hence, the PCNSL with a TSIC-shoulder and the rCBV-
sun should represent relatively avascular lesions, whereas 
the PCNSL without a TSIC-shoulder should be lesions with 
a relatively high microvessel density. During the manual 
ROI based rCBV analysis, we put special effort on spar-
ing gray matter and vessels by simultaneously inspecting 
the contrast-enhanced T1-weighted images. Therefore, we 
assume that the marginal sunbeam-like rCBV increase of the 
rCBV-sun reflects changes of the microvasculature.

Further, there were no visible signs of tumor necrosis in 
the central area of the rCBV reduction in the corresponding 
T2- or contrast-enhanced T1-weighted images. In addition, 
we can exclude therapy influences on MR morphology and 
perfusion pattern of our PCNL, since MRI and DSC-perfu-
sion were performed before surgery and before the appli-
cation of corticosteroids or any other drugs affecting the 
blood–brain barrier.

Instead of performing true neoangiogenesis with active 
vessel sprouting such as gliomas, PCNSL infiltrate the 
brain by a characteristic angiocentric growth pattern, in 
which the tumor cells cluster around the pre-existing ves-
sels of the brain [55]. The marginally pronounced rCBV 
increase in PCNSL might at least partially indicate reactive 
changes of these infiltrative “tumor-cuffs” with the centrally 
encased non-neoplastic vasculature of the brain. Indeed like 
in inflammation, a slight increase of the vasculature with 
microvascular proliferations has been found in PCNSL 
[56–59]. Therefore, we suppose that rCBV increase in 
PCNSL is mainly caused by immunoreactive changes of the 
normal brain vasculature against the infiltrating lymphoma 
cells. These tumor-vascular interactions would be bound to 
the border zones of the tumor and the adjacent vessels of the 
normal brain tissue. In larger PCSNL, these reactive “fight-
ing front” would form of a marginal ring-like wall leading 
to the MR pattern of the rCBV-sun with a net  rCBVmean and 
 rCBVmax decrease, whereas in smaller PCNSL, the entire 
tumor mass would become part of this reactive zone, causing 
more profoundly increased rCBV values.

These tumor-vascular interactions might simultane-
ously activate immunoreactive pathways. However, these 
activations might also be dependent on additional fac-
tors, e.g., composition of the extracellular matrix (ECM). 
A previous study already suggested that appearance of 
the TSIC-shoulder might be associated with a less dense 
matrix of perivascular reticulin fibers [17]. In fact, a loos-
ened matrix in PCNSL with a TSIC-shoulder could enable 

more immunoreactive cascades than in PCNSL without a 
TSIC-shoulder and a hypothetically denser ECM. Therefore, 
enlargement of the tumor and its surrounding edema could 
be triggered in PCNSL with the TSIC-shoulder and rather 
restricted in PCSNL without a TSIC-shoulder in correlation 
to the strengths of their immune response.

Apart from indicating dynamics of interstitial contrast 
media leakage, the absence or presence of the TSIC-shoul-
der might also hint to differences in the composition of the 
blood–brain barrier of the microvasculature in PCNSL. The 
signal intensity increase resulting in the TSIC-shoulder is 
thought to be caused by the shortening of T1-relaxation time 
due to contrast agent that crosses the disrupted blood–brain 
barrier [24]. Finally, a higher density of less permeable 
microvessels in a denser ECM in PCNLS without the TSIC-
shoulder may lead to higher rCBV, smaller tumors and peri-
tumoral edema rims.

Limitations

The main limitation of this study is the retrospective analysis 
of a limited sample size.

The retrospective approach allowed us to collect an sta-
tistical acceptable number of PCNSL patients from a single 
center, but the three groups of PCNSL defined by different 
morphology and MR perfusion pattern were yet too small 
to be analyzed with regard to OS and PFS.

Further, we did not the extent of the PCSNL disease with 
potential ocular or CSF dissemination in our OS and PFS 
analysis, since these scopes were beyond the focus of this 
investigation.

Unfortunately, we were unable to perform a distinct his-
topathological correlation of the MR perfusion phenomena 
found due to the small PCNSL specimen gained through 
stereotactical biopsy and the retrospective setting of the 
current work. Thus, all discussed MR histopathological 
relationships remain hypothetic and should be investigated 
in future prospective neuro-oncological multicenter trials. 
Future studies should, moreover, analyze if the different 
groups of PCNSL that we defined herein also indicate dis-
tinct histopathological subtypes.

Furthermore, T1-shortening effects were not corrected, 
i.e., by pre-injection of contrast agent. Therefore, rCBV 
values of our study are subjected to be underestimated [22, 
60, 61]. However, pre-injection method might influence the 
shoulder-like time–signal intensity increase, so that this 
method may have disadvantages analyzing PCNSL.

Finally, we did not perform computed coregistration and 
alignment of the contrast-enhanced MR perfusion with the 
T1-weighted sequences, i.e., by FSL software [62]. Instead 
all ROIs were manually placed on the gray-coded-rCBV 
parameter maps linked to the equivalent T1-weighted image, 
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trying to visually exclude necrotic areas, cortex and vessel 
structures as a more practical but imprecise way of rCBV 
assessment in the daily routine.

Conclusions

Only patient age was prognostic for the OS and PFS of 
PCNSL patients, whereas diversified MR perfusion features 
were not. Most PCNSL were characterized by the TSIC-
shoulder, middle sizes of the tumor and peritumoral edema 
and moderately increased rCBV values.

Two minor groups of PCNSL were found with differing 
rCBV pattern, tumor sizes and number of lesions:

1. Unifocal huge tumors with large edema rims and a “the 
rCBV-sun” as a new MR perfusion pattern describing 
marginal (sunbeam-like) rCBV increase around a central 
rCBV decrease, possibly indicating centrifugal vessel 
proliferations.

2. Multifocal small PCNSL with higher rCBV values, small 
peritumoral edema rims and no TSIC-shoulder, possibly 
indicating a higher density of less permeable microvas-
culature.

These MR morphological and MR perfusion differ-
ences might possibly reflect various biological subtypes of 
PCNSL, but seem to have no prognostic impact.
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