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Abstract: Primary central nervous system lymphoma (PCNSL) has been immunohistochemically classified into two 
subtypes, germinal center (GC) B-cell and non-GC B-cell, but the prognostic impact of these subtypes remains de-
bated. We investigated clinical features and prognostic significance of immunohistochemical subtypes that were 
identified by expression patterns of three B-cell differentiation markers in PCNSL. We also analyzed a factor related 
to responsiveness to high-dose methotrexate (HD-MTX) chemotherapy. Tumors from 32 PCNSL patients were im-
munohistochemically evaluated for expression of cluster of differentiation (CD) 10, B-cell lymphoma-6 (BCL-6), and 
multiple myeloma oncogene-1 (MUM-1) and classified into subtypes according to the expression patterns of these 
markers. Clinical features and prognostic outcome of these subtypes were investigated. Twenty-three patients were 
treated with HD-MTX-based chemotherapy followed by whole-brain radiation therapy (WBRT), and nine were treated 
with WBRT alone. Three immunohistochemical subtypes were identified, including A-type expressing CD10, BCL-6, 
and MUM-1 (12 patients), B-type expressing BCL-6 and MUM-1 (12 patients) and C-type expressing MUM-1 only (8 
patients). Response rate in the HD-MTX therapy group was 57.1% (4/7) in A-type, 87.5% (7/8) in B-type, and 75% 
(6/8) in C-type. C-type with the lowest metabolic activity showed significantly longer overall survival than A-type with 
the higher uptake of methionine (71.6 versus 39.6 months) (P<0.05). Immunohistochemical identification of PCNSL 
based on the B-cell differentiation stage revealed three types of tumors, showing different metabolic activity and 
survival time. Refined immunohistochemical classification of PCNSL subtypes may become a useful tool for predict-
ing more accurate prognosis and accessing sensitivity to HD-MTX therapy. 
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Introduction

Primary central nervous system lymphoma 
(PCNSL) is a rare aggressive tumor confined to 
the brain, spinal cord, leptomeninges and eyes 
[1-3]. Most PCNSLs are diffuse large B-cell lym-
phoma (DLBCL), which are histologically indis-
tinguishable from systemic DLBCLs. However, 
the biologic and prognostic features of PCNSLs 
are distinctly different from those of systemic 
DLBCLs [4, 5]. By gene expression profiling 
using a cDNA microarray, systemic DLBCLs can 

be divided into two major subgroups, germinal 
center (GC) B-cell-like (GCB) subgroup and acti-
vated B-cell-like (ABC) subgroup, the former of 
which has been shown to have a significantly 
better outcome than the latter [6, 7]. As it takes 
labor and cost to perform gene expression pro-
filing for such a classification, various immuno-
histochemical (IHC) algorithms using B-cell dif-
ferentiation markers have been developed to 
classify DLBCLs into subgroups [8, 9]. Among 
them, the Hans algorithm separated DLBCLs 
into germinal center B-cell (GCB) and non-ger-
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minal center B-cell (non-GCB) subtypes by 
using antibodies against cluster of differentia-
tion (CD) 10, B-cell lymphoma-6 (BCL-6), and 
multiple myeloma oncogene 1/interferon regu-
latory factor 4 (MUM-1/IRF4) [10]. Although 
many studies of the IHC subtyping of DLBCLs 
were performed, most studies in PCNSLs failed 
to demonstrate that the two IHC subtypes have 
as much of a significant difference in prognosis 
as that in systemic DLBCL. 

On the other hand, previous IHC studies in 
PCNSL commonly presented a high percentage 
of MUM-1 expression in the tumor cells and co-
expression of BCL-6 and MUM-1 in about half of 
the tumor cells [11, 12]. These expression pat-
terns of B-cell differentiation markers indicate 
the late GC or early post-GC origin of PCNSL 
cells, suggesting that activated B cell-derived 
tumors may have critical influence on the prog-
nosis of the patients with PCNSL. In the pres-
ent study, immunohistochemical identification 
of the tumors by B-cell differentiation markers 
was divided into three types of the tumors 
based on the stage of B-cell differentiation in 
the GC and post-GC. We found that A-type, cor-
responding to the early time of the late GC 
stage, had a higher methionine uptake in Met-
PET and shorter survival than C-type, corre-
sponding to the post-GC stage. Refined analy-
sis of IHC subtypes based on the histogenetic 
stage of PCNSL would clarify much more 
detailed biological features and enable to 
establish more accurate prognosis in subtypes 
of PCNSL.

Materials and methods

Patients and treatment protocol

The study was approved by the local ethics 
committee for clinical research, and all proce-
dures involving human participants were per-
formed in accordance with the ethical stan-
dards of the institutional and/or national re- 
search committee and the 1964 Helsinki 
Declaration and its later amendments.

Thirty-two patients whose histology was veri-
fied as DLBCL and who were treated in the 
Department of Neurosurgery of Ehime Univer- 
sity Hospital (Matsuyama, Japan) between April 
2002 and December 2015 were enrolled in this 
study. Consent was obtained from all partici-
pants after they were informed of the potential 

risks of the surgical procedures, radiation ther-
apy, and chemotherapy. Tumor specimens were 
obtained from all 32 patients by biopsy. Before 
starting chemo-radiotherapy, board-certified 
pathologists confirmed the histologic diagnosis 
of the tumor as DLBCL using hematoxylin-eosin 
staining along with IHC with anti-CD20 and/or 
anti-CD79a antibodies. Immediately after the 
histologic diagnosis of the tumor was verified, 
systemic HD-MTX-based chemotherapy was 
performed in patients without severe renal dys-
function or a very low Karnofsky Performance 
Status (KPS) score (<20%). The chemo-radio-
therapy consisted of three courses of rapid 
infusion of HD-MTX (3.0-3.5 g/m2/3 hours) fol-
lowed by whole-brain radiation at a dose of 30 
Gy with a 10-Gy boost to the focal lesion. In 
patients at high risk for an adverse reaction to 
HD-MTX-based chemotherapy, only radiation 
therapy (RT) was given to the whole brain at a 
total dose of 40 Gy.

Imaging analysis and measurement of tumor 
markers

Magnetic resonance imaging (1.5-tesla or 
3-tesla MR scanner, Achieva, Philips, Best, The 
Netherlands) with and without gadolinium and 
computed tomography were performed in  
all patients at the time of admission. 11C- 
methionine (MET)-positron emission tomogra-
phy (PET) and 18F-fluorodeoxyglucose (FDG)-
PET were performed in patients with a good 
KPS score (≥60%). β2 microglobulin (MG) in 
cerebrospinal fluid (CSF), serum soluble inter-
leukin 2 receptor (sIL2R), and lactate dehydro-
genase (LDH) were measured at the time of 
admission. The clinical records and magnetic 
resonance imaging data of the patients were 
assessed at the time of admission, within 72 
hours, and at 3 months after surgery by the 
same neurosurgeon and neuroradiologist.

Immunohistochemistry

Immunohistochemical expression of GCB-like 
markers (CD10 and BCL-6) and activated B-cell-
like (ABC) markers (MUM-1, CD138) was inves-
tigated in all patients. Each tumor sample was 
fixed in formalin and embedded in paraffin. The 
blocks were sliced into 5 µm-thick sections, 
which were deparaffinized in Histo-Clear (Cos- 
mo Bio), hydrated in a graded series of alco-
hols, and subjected to heat-activated antigen 
retrieval. After blocking endogenous peroxi-
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Table 1. Clinical characteristics of patients with pri-
mary central nervous system lymphoma
Characteristics Patients
Patients (n) 32
Age (years), median (range) 65.3 (44-87)
    >60 years (n) 23
    ≤60 years (n) 9
Sex (Male/Female) (n/n) 23/9
KPS score (%), median (range) 50 (10-100)
    ≥60% (n (%)) 14 (43.8%)
    <60% (n (%)) 18 (56.2%)
No. of lesions,  single (n (%)) 14 (43.8%)
    multiple (≥2) (n (%)) 18 (56.2%)
Serum sIL2R (n, mean ± SD) 30 (490.6 ± 287.0)
    ≥600 U/ml (n (%)) 8 (26.7%)
    <600 U/ml (n (%)) 22 (73.3%)
Serum LDH (n, mean ± SD) 32 (205.3 ± 60.7)
    ≥240 U/L (n (%)) 3 (9.4%)
    <240 U/L (n (%)) 29 (90.6%)
CSF β2-MG (n, mean ± SD) 25 (3847.2 ± 1650.6)
    ≥3000 μg/L (n (%)) 16 (64%)
    <3000 μg/L (n (%)) 9 (36%)
Patients treated with HD-MTX (n (%)) 23 (71.9%)
Patients treated with RT alone (n (%)) 9 (28.1%)
n, number of patients; KPS, Karnofsky performance status; sIL2R, 
soluble interleukin-2 receptor; LDH, lactate dehydrogenase; CSF, 
cerebrospinal fluid; β2-MG, beta2 microglobulin; SD, standard devia-
tion; HD-MTX, high dose-methotrexate; RT, radiation therapy.

dase activity, the tissue was incubated with 
CD10 (mouse monoclonal antibody; clone 
56C6; DAKO; ready to use), BCL-6 (mouse mo- 
noclonal antibody; clone PG-B6p; DAKO; ready 
to use), MUM-1 (mouse monoclonal antibody; 
clone MUM1p; DAKO; ready to use), and CD138 
(mouse monoclonal antibody; clone MI15; 
DAKO; ready to use) antibodies for 4 hours at 
room temperature. Subsequently, the sections 
were washed and incubated with biotinylated 
secondary antibody for 30 minutes at room 
temperature. The reaction complexes were 
visualized with diaminobenzidine and counter-
stained with hematoxylin.

Statistical analysis

Parametric data were expressed as the mean ± 
standard deviation and compared using Stu- 
dent’s t-test. Nonparametric data were ex- 
pressed as the median value and compared 
using the Mann-Whitney U-test. The signifi-
cance level was set at P<0.05. All analyses 

bodies. Among the 32 patients, 18 (56.3%) had 
multiple lesions. Sixteen of 25 patients (64%) 
examined presented with an abnormally high 
level (≥3,000 μg/L) of β2-MG in CSF. Eight of 
30 patients examined (26.7%) showed a high 
value of serum sIL2R (≥600 U/ml). Three of 32 
patients examined (9.38%) showed a high value 
of serum LDH (≥240 U/L).

Immunohistochemical expression of markers 
for DLBCL

The tumors of all 32 patients were immunopos-
itive for any markers of GCB and/or ABC. All 
tumors showed various degrees of positive 
expression for MUM-1 with immunostaining. 
Twelve tumors (37.5%) were immunopositive for 
CD10, and 24 tumors (75%) were immunoposi-
tive for BCL-6. Only two tumors showed immu-
nopositive staining for CD138. The 32 patients 
were divided into one of the following three 
types according to expression patterns of mark-
ers CD10, BCL-6 and MUM-1. Twelve patients 

were performed using Office Excel 2016 
software (Microsoft®, Redmond, WA, 
USA). PFS time was defined as the time 
from study entry to first progression or 
death from any cause. OS time was 
defined as the time from study entry to 
death or the last follow-up visit. PFS and 
OS times were estimated by the Kaplan-
Meier method. For univariate analysis, 
survival distributions were compared by 
the log-rank test. Receiver operating char-
acteristic analysis was used to evaluate 
the cut-off value for predicting the 
response to HD-MTX by analyzing the  
T/N ratio and maximum standardized  
uptake value (SUVmax) in MET-PET and 
FDG-PET.

Results

Clinical features

The median age of the 32 patients was 
65.3 years (range 44-87 years), and they 
presented with a median KPS score  
of 50% (range 10-100%) (Table 1). All 
patients underwent open biopsy of 
tumors using an image-guided navigation 
system [13]. The tumors of all 32 patients 
were confirmed with histology as DLBCLs 
that showed positive immunostaining 
with both anti-CD20 and anti-CD79a anti-
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were CD10(+), BCL-6(+), MUM-1(+), A-type, 12 
patients were CD10(-), BCL-6(+), MUM-1(+), 
B-type, and eight were CD10(-), BCL-6(-), MUM-
1(+), C-type (Figure 1). Two patients with posi-
tive staining for CD138 showed positive stain-
ing for only MUM-1, so these were included in 
C-type. In the classification by the Hans algo-
rithm [10], A-type corresponded to GCB sub-
type, while B- and C-types corresponded to 
non-GCB subtype.

Characteristic features of three immunohisto-
chemical types

Clinical characteristics of 32 patients with 
tumors that were immunohistochemically clas-
sified into these three types are summarized in 
Table 2, including those classified by the Hans 
algorithm. We found no significant difference in 
age, sex, KPS score, CSF β2-MG, serum sIL2R, 
or LDH both among these three types and 
between the Hans subtypes. Although PET 
studies were not performed in all patients, both 

the T/N ratio and SUVmax in MET-PET showed 
much higher values in patients classified as 
A-type than in those classified as B-type or 
C-type. Similarly, both T/N ratio and SUVmax in 
MET-PET were much higher in patients of GCB 
subtype than those of non-GCB subtype. FDG-
PET demonstrated no difference in activity of 
FDG uptake by tumors both among these three 
types and between the Hans subtypes (Table 2; 
Figure 2).

Among the 32 patients, 23 (71.9%) were treat-
ed with systemic HD-MTX-based chemotherapy 
followed by whole-brain RT. Nine patients 
(28.1%) were treated with whole-brain RT alone 
because five patients presented with very low 
values of creatinine clearance (lower than 50 
ml/minute), three had a low KPS score (under 
20%), and one was over 85 years old. In the 
HD-MTX therapy group, seven patients were 
classified as A-type, eight as B-type, and eight 
as C-type. In the RT alone group, five patients 

Figure 1. Histology (H&E: hematoxylin and eosin) and immunohistochemistry showing three different expression 
patterns of CD10, BCL-6, and MUM-1 in the representative case. We identified patients with primary central nervous 
system lymphoma (PCNSL) as one of three immunohistochemical subtypes. These three subtypes include A-type 
expressing CD10, BCL-6, and MUM-1, B-type expressing BCL-6 and MUM-1, and C-type expressing MUM-1 alone. 
Magnification ×200.
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were classified as A-type and four as B-type 
(Table 2).

Responsiveness to HD-MTX chemotherapy

In the group treated with HD-MTX chemothera-
py, four (57.1%) of seven A-type patients, seven 
(87.5%) of eight B-type patients, and six (75.0%) 
of eight C-type patients responded to HD-MTX 
chemotherapy completely or partially. In the 
Hans subtype, the response rate was 57.1% in 
the patients with a GCB subtype and 81.3% in 
the patients with non-GCB subtype. Among the 
clinical variables, age, KPS score, levels of 
serum sIL2R and LDH, and values of β2-MG in 
CSF did not show a significant difference 
between responders and non-responders to 
HD-MTX (Table 3). On the other hand, respond-
ers to HD-MTX showed significantly lower T/N 
ratios and SUVmax with both MET-PET and 
FDG-PET than non-responders (Table 3). Re- 
ceiver operating characteristic analysis showed 
that tumors with a T/N ratio ≤2.8 (cut-off value) 
on FDG-PET responded to HD-MTX chemother-
apy with 100% sensitivity and 100% specifi- 
city.

Survival analysis

Progression-free survival

In the HD-MTX treatment group, median PFS 
times for A-type, B-type, and C-type patients 
were 31.3, 35.7, and 57.6 months, respectively. 
In the Hans’ classification, median PFS times 
for GCB subtype and non-GCB subtype were 
24.0 and 42 months, respectively. In the group 
treated with RT alone, PFS in A-type patients 
was 26.8 months, and for B-type patients, PFS 
was 18.5 months (Table 2). We found no signifi-
cant difference in PFS both among the three 
subtypes and between GCB and non-GCB sub-
types in the HD-MTX treatment group or betw- 
een the two subtypes in the group that recei- 
ved RT alone.

Overall survival

Univariate analysis of 32 patients showed that 
a KPS score ≥60%, serum level of sIL2-R anti-
body <600 U/ml, and negative immunostaining 
for BCL-6 were associated with a longer OS 
time (Figures 3, 4). No prognostic impact on OS 

Table 2. Clinical features of three immunohistochemical subtypes and Hans subtypes 

Clinical Features
Classification based on the stage of B-cell differentiation Hans classification

A-type B-type C-type GCB subtype non-GCB subtype

Number of patients (%) 12 (37.5%) 12 (37.5%) 8 (25%) 12 (37.5%) 20 (62.5%)

Age in years, median (range) 69.7 (54-87) 64.8 (41-77) 59.6 (44-73) 69.7 (54-87) 62.7 (41-77)

Sex (male/female) 10/2  9/3  4/4  10/2  13/7

KPS score (%), median (range) 80 (40-80) 55 (20-100) 55 (20-80) 80 (40-80) 55 (20-100)

Tumor markers

    β2-MG (μg/L) (mean ± SD) (n) 3200 ± 1400 (10) 4400 ± 2100 (8) 4200 ± 1300 (7) 3200 ± 1400 (10) 4299 ± 1702 (15)

    sIL2R (U/ml) (mean ± SD) (n) 581.7 ± 299.9 (12) 478.1 ± 302.0 (10) 352.3 ± 208.9 (8) 581.7 ± 299.9 (12) 436.2 ± 263.2 (18)

    LDH (U/L) (mean ± SD) (n) 217 ± 87.1 (12) 198 ± 39.0 (12) 199 ± 40.4 (8) 217 ± 87.1 (12) 198 ± 38.5 (20)

MET-PET, n 6 3 4 6 7

    T/N ratio (mean ± SD) 5.39 ± 0.95 3.94 ± 0.97 3.62 ± 1.05 5.39 ± 0.95 3.75 ± 0.95

    SUVmax (mean ± SD) 8.19 ± 0.93 5.58 ± 2.68 5.03 ± 2.36 8.19 ± 0.93 5.27 ± 2.30

FDG-PET, n 6 3 4 6 7

    T/N ratio (mean ± SD) 3.28 ± 0.65 2.54 ± 0.92 2.78 ± 0.96 3.28 ± 0.65 2.68 ± 0.87

    SUVmax (mean ± SD) 20.6 ± 1.41 16.8 ± 7.71 17.0 ± 6.32 20.6 ± 1.41 16.9 ± 6.30

HD-MTX therapy, n 7 8 8 7 16

    Responsive to HD-MTX 4 (57.1%) 7 (87.5%) 6 (75%) 4 (57.1%) 13 (81.3%)

    CR/PR, n (%) 

    PFS (months), median 31.3 35.7 57.6 24 42

    OS (months), median 39.6 46 71.6 24 59.5

RT alone, n 5 4 0 5 4

    PFS (months), median 26.8 18.5 - 26.8 18.5

    OS (months), median 35.2 24.25 - 35.2 24.25
KPS, Karnofsky performance status; β2-MG, beta2 microglobulin; sIL2R, soluble interleukin-2 receptor; MET-PET, methionine-positron emission tomography; FDG-PET, 
fluorodeoxyglucose-positron emission tomography; SD, standard deviation; SUV, standardized uptake value; HD-MTX, high-dose methotrexate; CR, complete response; 
PR, partial response; PFS, progression-free survival; OS, overall survival; RT, radiation therapy; n, number of patients.
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time was found for other clinical-biologic vari-
ables tested (Table 1). As for the IHC subtype, 
in the HD-MTX treatment group, the median OS 
times of patients in the A-type, B-type, and 
C-type were 39.6, 46, and 71.6 months, respec-
tively (Table 2). C-type patients showed a sig-
nificantly longer median OS time than A-type 
patients (P=0.032), but we found no significant 
difference between C-type and B-type patients, 
or between A-type and B-type patients (Figure 
5). On the other hand, in the Hans’ classifica-
tion, median OS times for GCB subtype and 
non-GCB subtype were 24.0 and 59.5 months, 
respectively, resulting in no significant differ-
ence between the two subtypes. In the RT alone 

group, median OS times of A-type and B-type 
patients were 35.2 and 24.3 months, res- 
pectively, demonstrating no difference be- 
tween the two types in this treatment group, 
and no difference between the same IHC types 
who underwent HD-MTX chemotherapy or RT 
alone.

Discussion

Most immunocompetent patients with PCNSL 
exhibit the histologic features of DLBCL charac-
terized by poor prognosis compared with the 
systemic form, which can be classified into two 
IHC subtypes, the GCB type and the non-GCB 

Figure 2. Magnetic resonance imaging and methionine (MET)-positron emission tomography (PET) study. Both the 
T/N ratio and maximum standardized uptake value (SUV) in MET-PET showed much higher values in patients of the 
A-type than the C-type.
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type [6, 7, 10, 14, 15]. In systemic DLBCL, the 
GCB subtype is associated with a better prog-
nosis compared with the non-GCB subtype. 
However, the availability and the prognostic 
utility of this IHC subgrouping in PCNSL re- 
mains controversial. Thus, here we investiga- 
ted the prognostic significance of factors re- 
lated to B-cell differentiation in the histogene-
sis of PCNSL by analyzing the expression of 
markers corresponding to the period of B-cell 
differentiation and clarifying the clinical fea-
tures of patients with subtypes of expression  
of particular markers.

studies demonstrating that responders to 
HD-MTX showed a lower T/N ratio and SUVmax 
in both MET-PET and FDG-PET and that the rate 
of non-responders to HD-MTX was higher in 
A-type patients with a high T/N ratio and 
SUVmax in both MET-PET and FDG-PET than in 
B- or C-type patients with a low T/N ratio and 
SUVmax in both PET studies. Consequently, the 
tumors of A-type patients may have much high-
er metabolic activity than tumors of B- or C-type 
patients. On the other hand, when survival 
analysis was performed based on Hans’ classi-
fication, there was no significant difference in 

Figure 3. Kaplan-Meier survival analysis. A: Patients with high Karnofsky 
performance status (KPS) scores have a better OS time than those with a 
low KPS score (50% cumulative survival: 67.0 months for a high KPS score 
versus 26.0 months for a low KPS score, P=0.0013). B: Patients with low 
soluble interleukin 2 receptor (sIL2-R) antibody values have a better OS time 
than those with high sIL2-R antibody values (50% cumulative survival: 50.0 
months for low sIL2-R antibody values and 18.0 months for high sIL2-R an-
tibody values, P<0.001).

We could divide the patients 
into three types A-type, B-type 
and C-type according to the 
difference in the patterns of 
IHC expression of three B-cell 
differentiation markers. In 
these three types, we investi-
gated the clinical features and 
prognostic outcome along with 
those in the Hans subtypes. 
Survival analysis based on our 
present IHC typing showed 
that C-type patients had sig-
nificantly longer OS time com-
pared to A-type patients and 
showed a tendency to have 
much longer OS time than 
B-type. These results may indi-
cate that each type has differ-
ent biologic features, particu-
larly between A-type and 
C-type. This may also be sup-
ported by the present PET 

Table 3. Responsiveness to HD-MTX chemotherapy

Clinical Variables Responder (n) Non-responder (n) P 
value

Cut-off value (sensitivity 
(%), specificity (%))

Age (years), mean ± SD 62.65 ± 9.6 (n = 17) 66.17 ± 7.3 (n = 6) 0.424
KPS score (%) median (range) 60 (20-100) (n = 17) 60 (50-80) (n = 6) 0.589
sIL2R (U/ml), mean ± SD 393.9 ± 176.0 (n = 15) 410.0 ± 188.2 (n = 6) 0.855
LDH (U/L), mean ± SD 192.8 ± 28.6 (n = 17) 200.8 ± 41.1 (n = 6) 0.604
β2-MG (μg/ml), mean ± SD 3,835 ± 1,367 (n = 14) 3,667 ± 1,776 (n = 6) 0.819
MET-PET (T/N), mean ± SD 3.39 ± 0.83 (n = 5) 5.25 ± 0.84 (n = 5) 0.008 3.56 (100, 80)
MET-PET (SUV), mean ± SD 4.72 ± 2.67 (n = 5) 7.71 ± 1.08 (n = 5) 0.049 4.37 (100, 80)
FDG-PET (T/N), mean ± SD 2.20 ± 0.61 (n = 5) 3.46 ± 0.26 (n = 5) 0.003 2.8 (100, 100)
FDG-PET (SUV), mean ± SD 13.64 ± 4.50 (n = 4) 21.1 ± 1.14 (n = 5) 0.009 20.0 (80, 100)
KPS, Karnofsky performance status; β2-MG,  beta2 microglobulin; sIL2R, soluble interleukin-2 receptor; LDH, lactate dehydro-
genase; MET-PET, methionine-positron emission tomography; FDG-PET, fluorodeoxyglucose-positron emission tomography; SD, 
standard deviation; SUV, standardized uptake value; HD-MTX, high-dose methotrexate; n, number of patients.
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either PFS or OS times between GCB and non-
GCB subtypes.

From the expression patterns of B-cell differen-
tiation markers, it is suggested that the tumors 
of A-type might derive from B-cells in the early 

SLs belong to the subgroup of the ABC pheno-
type and that very few patients have the GCB 
phenotype and the associated favorable prog-
nosis. This may be the reason PCNSL is consid-
ered to have a much worse prognosis than  
systemic DLBCL. On the other hand, PCNSL 

Figure 4. Kaplan-Meier survival analysis. Comparison of OS time accord-
ing to BCL-6 staining between positive and negative patients. Patients with 
tumors with negative staining for BCL-6 have a better OS time than those 
with positive staining for BCL-6 (50% cumulative survival: 68.0 months for 
negative staining and 26.0 months for positive staining, P=0.0067).

Figure 5. Kaplan-Meier survival analysis. Comparison of OS time according 
to A-type, B-type and C-type in patients treated with high-dose methotrexate 
(HD-MTX)-based chemo-radiation therapy. When comparing the median OS 
time between A-type and B-type and that between A-type and C-type, C-type 
showed significantly longer median OS time than A-type (50% cumulative 
survival: 71.6 months for C-type versus 39.6 months for A-type) (P=0.032), 
but B-type did not show significant difference in the OS time (46.0 months 
for B-type) compared to A-type.

time of the late GC stage when 
the B-cells had just begun to 
be activated. On the other 
hand, the tumors of B-type 
originated from the later period 
of the late GC stage, in which 
activated B-cells were on the 
way to just leave the GC (Figure 
6). Tumors expressing CD10(+), 
BCL-6(-), and MUM-1(+) may be 
included in the same group as 
A-type. If there are tumors 
expressing the IHC patterns of 
CD10(+) and MUM-1(-), they 
would be classified to GCB-
type in which B-cells are not 
activated and may have favor-
able prognosis. Among 393 
PCNSL patients in the litera-
ture [5, 9, 14, 16-18] including 
our study, the numbers of 
patients who can be classified 
as GCB-type (non-activated), 
A-type (activated), B-type (acti-
vated), and C-type (activated) 
are 37 (9.4%), 44 (11.2%), 173 
(44.0%), and 139 (35.4%), 
respectively. These frequency 
rates of immunosubtypes str- 
ongly support the previous 
hypothesis that most PCNSLs 
originate from activated B cells 
in the late GCB and early post-
GC stages. 

In the present study, all 
PCNSLs showed positive stain-
ing for MUM-1. Most previous 
studies reported a high per-
centage of MUM-1 expression 
in PCNSL (381/445 (85.6%), 
range: 60-94.7%). On the other 
hand, expression of CD10 is 
infrequent (60/445 (13.5%), 
range: 2.4-22.2%) [9, 14, 16- 
23]. These reports coincide 
with the previously described 
histogenetic stage of PCNSL, 
thus implying that most PCN- 
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patients with the post-GCB subtype tend to 
show a favorable prognosis compared to those 
with the activated GCB subtype [9, 17]. If the 
activated GCB subtype can be classified more 
precisely based on the histogenetic stage of 
the tumor, this may tell us the prognostic impact 
of the IHC subtypes of PCNSL.

Our study demonstrated that negative expres-
sion of BCL-6 was associated with a longer sur-
vival time. In systemic DLBCL, many studies 
have reported that BCL-6 expression is associ-
ated with favorable prognosis [7, 24, 25], but 
its prognostic value in PCNSL remains contro-
versial. Braaten et al. showed that BCL-6 
expression in PCNSL is associated with a favor-
able prognosis [24]. Other reports also de- 
scribed that BCL-6 expression in PCNSL is an 
independent prognostic factor for favorable 
outcomes [21, 26]. In contrast, the CALGB 
50202 prospective study reported that high 
BCL-6 expression could become an unfavor-
able prognostic biomarker in PCNSL [5, 27]. 
Another prospective trial, G-PCNSL-SG1, the 
largest study including 119 patients with 
PCNSL who were homogeneously treated with 
HD-MTX-based chemotherapy, showed associ-
ation of positive expression of BCL-6 with short-
er PFS and OS [5]. These results suggest that 
positive expression of BCL-6 tends to be an 
unfavorable prognostic marker in PCNSL, but 

were significantly higher than those from C-type 
patients. On the other hand, neither the T/N 
ratio nor the SUVmax in FDG-PET was different 
between A-type and C-type patients. These 
results suggest that differences in metabolic 
activity other than proliferative activity may 
exist between these subtypes. 

The present retrospective study consisted of a 
relatively small number of patients. Further pro-
spective and if possible, cohort studies with an 
increased number of patients are necessary to 
validate our results. In the future, MET-PET and 
FDG-PET studies in addition to precise IHC sub-
typing of PCNSL are expected to be useful tools 
not only to more accurately establish the prog-
nosis of patients with PCNSL but also to clarify 
the biological features of subtypes of PCNSL. 

In summary, in the present study, we immuno-
histochemically identified 32 patients with 
PCNSL as one of three types. These three types 
included A-type expressing CD10, BCL-6, and 
MUM-1 in 12 patients (37.5%), B-type express-
ing BCL-6 and MUM-1 in 12 patients (37.5%), 
and C-type expressing only MUM-1 in eight 
patients (25%). Among the 23 patients who 
were treated with HD-MTX-based chemoradio-
therapy, C-type patients showed a much longer 
OS time than A-type patients. In addition, we 
found a significant difference in methionine 

Figure 6. Hypothetical model for histogenesis of PCNSL based on B-cell dif-
ferentiation stages. Immunohistochemical analysis demonstrated that tu-
mors from A-type patients expressed CD10, BCL-6, and MUM-1, whereas 
tumors from B-type patients expressed BCL-6 and MUM-1, meaning that 
tumors from A-type patients were in the early period of the late germinal 
center (GC) transit stage, when activation of centrocytes has just begun. 
Patients with tumors expressing CD10(+), BCL-6(-), and MUM-1(+) may be 
included in the same group as A-type patients, if MUM-1 could be expressed 
in the more early period in the GC stage as shown in the illustration of mark-
er expression of MUM-1 (faint red). On the other hand, tumors from B-type 
patients have activated centrocytes in the later period of the late GC stage 
as shown in the histogenetic model of PCNSL. IHC: immunohistochemistry. 

further investigation to clarify 
a significant role of BCL-6 in 
the tumorigenesis of PCNSL 
would be required.

In the current study, A-type pa- 
tients whose tumors show pos-
itive expression of CD10 and 
BCL-6 have a worse OS than 
C-type patients whose tumors 
show negative expression of 
both markers. In addition, 
tumors from A-type patients 
showed a much higher T/N 
ratio and SUVmax in MET-PET 
and FDG-PET than tumors 
from C-type patients. Analysis 
of the metabolic activity among 
subtypes may enable a more 
accurate prognosis and clarify 
the cause of resistance to 
HD-MTX chemotherapy. Among 
various clinical factors, the T/N 
ratio and SUVmax in MET-PET 
in tumors from A-type patients 
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uptake in MET-PET between A- and C-types. 
These results indicate the significance of more 
refined classification of PCNSL based on the 
histogenetic stage that is assessed by expres-
sion patterns of B-cell differentiation markers 
for accurately establishing the prognosis of 
PCNSL patients and developing a novel treat-
ment strategy for this type of tumor.

Acknowledgements

The authors would like to express their grati-
tude to Taichi Furumochi and Yasuhiro Shiraishi 
of the Department of Neurology, Ehime Uni- 
versity Hospital, Japan and Satsuki Myoga of 
the Department of Pathology, Ehime University 
Hospital, Japan, for their help in obtaining path-
ological and radiological image findings.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Akihiro Inoue, De- 
partment of Neurosurgery, Ehime University School 
of Medicine, 454 Shitsukawa, Toon, Ehime 791-
0295, Japan. Tel: (+81) 89-960-5338; Fax: (+81) 
89-960-5340; E-mail: iakihiro3@gmail.com

References

[1]	 Bataille B, Delwail V, Menet E, Vandermarcq P, 
Ingrand P, Wager M, Guy G and Lapierre F. Pri-
mary intracerebral malignant lymphoma: re-
port of 248 cases. J Neurosurg 2000; 92: 261-
266.

[2]	 Hong JT, Chae JB, Lee JY, Kim JG and Yoon YH. 
Ocular involvement in patients with primary 
CNS lymphoma. J Neurooncol 2011; 102: 139-
145.

[3]	 Kinoshita M, Sasayama T, Narita Y, Yamashita 
F, Kawaguchi A, Chiba Y, Kagawa N, Tanaka K, 
Kohmura E, Arita H, Okita Y, Ohno M, Miyakita 
Y, Shibui S, Hashimoto N and Yoshimine T. Dif-
ferent spatial distribution between germinal 
center B and non-germinal center B primary 
central nervous system lymphoma revealed by 
magnetic resonance group analysis. Neuro On-
col 2014; 16: 728-734.

[4]	 Korfel A and Schlegel U. Diagnosis and treat-
ment of primary CNS lymphoma. Nat Rev Neu-
rol 2013; 9: 317-327.

[5]	 Kreher S, Jöhrens K, Strehlow F, Martus P, 
Borowiec K, Radke J, Heppner F, Roth P, Thiel 
E, Pietsch T, Weller M and Korfel A. Prognostic 
impact of B-cell lymphoma 6 in primary CNS 
lymphoma. Neuro Oncol 2015; 17: 1016-1021.

[6]	 Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos 
IS, Rosenwald A, Boldrick JC, Sabet H, Tran T, 
Yu X, Powell JI, Yang L, Marti GE, Moore T, Hud-
son J Jr, Lu L, Lewis DB, Tibshirani R, Sherlock 
G, Chan WC, Greiner TC, Weisenburger DD, Ar-
mitage JO, Warnke R, Levy R, Wilson W, Grever 
MR, Byrd JC, Botstein D, Brown PO and Staudt 
LM. Distinct types of diffuse large B-cell lym-
phoma identified by gene expression profiling. 
Nature 2000; 403: 503-511.

[7]	 Rosenwald A, Wright G, Chan WC, Connors  
JM, Campo E, Fisher RI, Gascoyne RD, Muller-
Hermelink HK, Smeland EB, Giltnane JM, Hurt 
EM, Zhao H, Averett L, Yang L, Wilson WH, Jaffe 
ES, Simon R, Klausner RD, Powell J, Duffey PL, 
Longo DL, Greiner TC, Weisenburger DD, 
Sanger WG, Dave BJ, Lynch JC, Vose J, Armit-
age JO, Montserrat E, López-Guillermo A, Gro-
gan TM, Miller TP, LeBlanc M, Ott G, Kvaloy S, 
Delabie J, Holte H, Krajci P, Stokke T and 
Staudt LM; Lymphoma/Leukemia Molecular 
Profiling Project. The use of molecular profiling 
to predict survival after chemotherapy for dif-
fuse large-B-cell lymphoma. N Engl J Med 
2002; 346: 1937-1947.

[8]	 Choi WW, Weisenburger DD, Greiner TC, Piris 
MA, Banham AH, Delabie J, Braziel RM, Geng 
H, Iqbal J, Lenz G, Vose JM, Hans CP, Fu K, 
Smith LM, Li M, Liu Z, Gascoyne RD, Rosen-
wald A, Ott G, Rimsza LM, Campo E, Jaffe ES, 
Jaye DL, Staudt LM and Chan WC. A new im-
munostain algorithm classifies diffuse large B-
cell lymphoma into molecular subtypes with 
high accuracy. Clin Cancer Res 2009; 15: 
5494-5502.

[9]	 Momota H, Narita Y, Maeshima AM, Miyakita Y, 
Shinomiya A, Maruyama T, Muragaki Y and Shi-
bui S. Prognostic value of immunohistochemi-
cal profile and response to high-dose metho-
trexate therapy in primary CNS lymphoma. J 
Neurooncol 2010; 98: 341-348. 

[10]	 Hans CP, Weisenburger DD, Greiner TC, Gas-
coyne RD, Delabie J, Ott G, Müller-Hermelink 
HK, Campo E, Braziel RM, Jaffe ES, Pan Z, 
Farinha P, Smith LM, Falini B, Banham AH, Ros-
enwald A, Staudt LM, Connors JM, Armitage JO 
and Chan WC. Confirmation of the molecular 
classification of diffuse large B-cell lymphoma 
by immunohistochemistry using a tissue mi-
croarray. Blood 2004; 103: 275-282.

[11]	 Deckert M, Engert A, Brück W, Ferreri AJ, Finke 
J, Illerhaus G, Klapper W, Korfel A, Küppers R, 
Maarouf M, Montesinos-Rongen M, Paulus W, 
Schlegel U, Lassmann H, Wiestler OD, Siebert 
R and DeAngelis LM. Modern concepts in the 
biology, diagnosis, differential diagnosis and 
treatment of primary central nervous system 
lymphoma. Leukemia 2011; 25: 1797-1807.

mailto:iakihiro3@gmail.com


Prognostic significance of immunohistochemical subtypes in PCNSL

1467	 Int J Clin Exp Pathol 2019;12(4):1457-1467

[12]	 Deckert M, Montesinos-Rongen M, Brunn A 
and Siebert R. Systems biology of primary CNS 
lymphoma: from genetic alterrations to model-
ing in mice. Acta Neuropathol 2014; 127: 175-
188. 

[13]	 Ohue S, Kohno S, Inoue A, Yamashita D, Mat-
sumoto S, Suehiro S, Kumon Y, Kikuchi K and 
Ohnishi T. Surgical results of tumor resection 
using tractography-integrated navigation-guid-
ed fence-post catheter techniques and motor-
evoked potentials for preservation of motor 
function in patients with glioblastomas near 
the pyramidal tracts. Neurosurg Rev 2015; 38: 
293-306.

[14]	 Camilleri-Broët S, Crinière E, Broët P, Delwail V, 
Mokhtari K, Moreau A, Kujas M, Raphaël M, 
Iraqi W, Sautès-Fridman C, Colombat P, Hoang-
Xuan K and Martin A. A uniform activated B-
cell-like immunophenotype might explain the 
poor prognosis of primary central nervous sys-
tem lymphomas: analysis of 83 cases. Blood 
2006; 107: 190-196.

[15]	 Chang CC, McClintock S, Cleveland RP, Trzpuc 
T, Vesole DH, Logan B, Kajdacsy-Balla A and 
Perkins SL. Immunohistochemical expression 
patterns of germinal center and activation B-
cell markers correlate with prognosis in diffuse 
large B-cell lymphoma. Am J Surg Pathol 2004; 
28: 464-470.

[16]	 Aki H, Uzunaslan D, Saygin C, Batur S, Tuzuner 
N, Kafadar A, Ongoren S and Oz B. Primary 
central nervous system lymphoma in immuno-
competent individuals: a single center experi-
ence. J Clin Exp Pathol 2013; 6: 1068-1075.

[17]	 Kinoshita M, Hashimoto N, Izumoto S, Okita Y, 
Kagawa N, Maruno M, Ohnishi T, Arita N and 
Yoshimine T. Immunohistological profiling by B-
cell differentiation status of primary central 
nervous system lymphoma treated by high-
dose methotrexate chemotherapy. J Neuroon-
col 2010; 99: 95-101.

[18]	 Liu J, Wang Y, Liu Y, Liu Z, Cui Q, Ji N, Sun S, 
Wang B, Wang Y, Sun X and Liu Y. Immunohis-
tochemical profile and prognostic significance 
in primary central nervous system lymphoma: 
analysis of 89 cases. Oncol Lett 2017; 14: 
5505-5512.

[19]	 Bhagavathi S, Sharathkumar A, Hunter S, Sung 
L, Kanhere R, Venturina MD and Wilson JD. Ac-
tivated B-cell immunophenotype might be as-
sociated with poor prognosis of primary central 
nervous system lymphomas. Clin Neuropathol 
2008; 27: 13-20.

[20]	 Hattab EM, Martin SE, Al-Khatib SM, Kupsky 
WJ, Vance GH, Stohler RA, Czader M and Al-
Abbadi MA. Most primary central nervous sys-
tem diffuse large B-cell lymphomas occurring 
in immunocompetent individuals belong to the 
nongerminal center subtype: a retrospective 
analysis of 31 cases. Mod Pathol 2010; 23: 
235-243.

[21]	 Levy O, Deangelis LM, Filippa DA, Panageas KS 
and Abrey LE. Bcl-6 predicts improved progno-
sis in primary central nervous system lympho-
ma. Cancer 2008; 112: 151-156.

[22]	 Lin CH, Kuo KT, Chuang SS, Kuo SH, Chang JH, 
Chang KC, Hsu HC, Tien HF and Cheng AL. 
Comparison of the expression and prognostic 
significance of differentiation markers be-
tween diffuse large B-cell lymphoma of central 
nervous system origin and peripheral nodal 
origin. Clin Cancer Res 2006; 12: 1152-1156.

[23]	 Raoux D, Duband S, Forest F, Trombert B, 
Chambonnière ML, Dumollard JM, Khaddage 
A, Gentil-Perret A and Péoc’h M. Primary cen-
tral nervous system lymphoma: immunohisto-
chemical profile and prognostic significance. 
Neuropathology 2010; 30: 232-240.

[24]	 Braaten KM, Betensky RA, de Leval L, Okada Y, 
Hochberg FH, Louis DN, Harris NL and Batch-
elor TT. BCL-6 expression predicts improved 
survival in patients with primary central ner-
vous system lymphoma. Clin Cancer Res 2003; 
9: 1063-1069.

[25]	 Lossos C, Bayraktar S, Weinzierl E, Younes SF, 
Hosein PJ, Tibshirani RJ, Sutton Posthumus J, 
DeAngelis LM, Raizer J, Schiff D, Abrey L, Nat-
kunam Y and Lossos IS. LMO2 and BCL6 are 
associated with improved survival in primary 
central nervous system lymphoma. Br J Hae-
matol 2014; 165: 640-648.

[26]	 Preusser M, Woehrer A, Koperek O, Rotten-
fusser A, Dieckmann K, Gatterbauer B, Roess-
ler K, Slavc I, Jaeger U, Streubel B, Hainfellner 
JA and Chott A. Primary central nervous sys-
tem lymphoma: a clinicopathological study of 
75 cases. Pathology 2010; 42: 547-552.

[27]	 Rubenstein JL, Hsi ED, Johnson JL, Jung SH, 
Nakashima MO, Grant B, Cheson BD and Ka-
plan LD. Intensive chemotherapy and immuno-
therapy in patients with newly diagnosed pri-
mary CNS lymphoma: CALGB 50202 (Alliance 
50202). J Clin Oncol 2013; 31: 3061-3068.


