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Abstract: We determined the effects of the BCL-2, C-MYC, and BCL-6 gene aberrations and their protein expressions
on the prognosis of primary central nervous system diffuse B-cell ymphoma (PCNS-DLBCL) patients. The pathologi-
cal and clinical information of 47 immunocompetent patients was reviewed, and the immunohistochemical markers
for BCL2, CD10, BCL6, MUM1, and MYC were reevaluated. Genetic abnormalities included increased copy number,
translocation, gene amplification, and double aberration and were detected by fluorescence in situ hybridization
(FISH). A survival analysis showed that elevated protein levels in the cerebrospinal fluid (CSF), increased the IPI
score, and EBV infection adversely affected survival. However, high BCL2 (>70%) and positive MYC expressions
(=40%) showed no significant influence on survival or BCL-2 gene abnormality, and BCL2/MYC double expression
and BCL-2/C-MYC double aberrations were associated with adverse outcomes for PCNS-DLBCL patients.
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Introduction

Primary central nervous system diffuse large
B-cell lymphoma (PCNS-DLBCL) represents a
rare subgroup of diffuse large B-cell lympho-
mas occurring in the brain, eyes, meninges, or
spinal cord without simultaneous systemic
involvement [1]. The lymphomas account for
2-3% of all primary malignant brain tumors and
approximately 1% of non-Hodgkin’s lymphomas
in adults [1]. PCNS-DLBCL is usually highly
aggressive and predominantly occurs in immu-
nodeficient patients, including those with
acquired immunodeficiency syndrome and
organ transplant recipients.

In recent years, the adverse effects of C-MYC/
BCL-2 double aberration (double-hit, DH) and
MYC/BCL2 double-expression (DE) have been
well-documented in systemic DLBCL [2-7]; how-
ever, their influence on PCNS-DLBCL is poorly
understood. Hence, to evaluate the effects of
BCL-2 and C-MYC aberrations and BCL2 and
MYC expression in PCNS-DLBCL cases, we

reviewed the clinical and pathological data of
47 well-documented cases of PCNS-DLBCL in
immunocompetent patients.

Materials and methods
Patients

Electronic archival files of 66 patients diag-
nosed with PCNS-DLBCL and treated at the
Zhejiang Cancer Hospital from 01/01/2008
to 06/01/2018 were analyzed. Data were
retrieved for 47 cases, for which the pathologi-
cal material was sufficient for the performance
of in situ hybridization (ISH) and fluorescence in
situ hybridization (FISH) examinations. All path-
ological samples were reviewed by two experi-
enced pathologists. None of the patients had a
history of primary or secondary immunodefi-
ciency disease. Informed consent was obtained
from all the patients, and the study was
approved by the Medical Ethics Committee of
Zhejiang Cancer Hospital (ethical approval doc-
ument: IRB-2018-98).
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Table 1. Patients’ clinical and treatment information

Denmark) and MYC (Maxim Biotec

General information
(47 cases)

Survival analysis
(33 cases with HD-MTX)"

Ltd, Fuzhou, China) were then used
in the EnVision Two-Step method.

Tonsillitis tissue was used as the

Variables Cases (%) Case (%) 3-year OS p value ] i

Sex 0.4944 Conf(r.ol. Expresspn was.con5|dered
Female 20 (42.55%) 13 (39.39%) 51.95% positive as per prior studies [8, 9].
Male 27 (57.45%) 20 (40.61%) 52.84% ISH

Age (years) 0.6283
>60 24 (51.06%) 18 (54.55%) 39.84% ISH testing for Epstein-Barr virus
<60 23 (48.94%) 15 (45.45%) 60.76% (EBV)-encoded small RNA (1/2

Lesion site 0.0932 EBER) was performed on 3~5-
Superficial 24 (51.06%) 15 (45.45%) 57.44% um-thick sections from FFPE tissue
Deep region 23 (48.94%) 18 (54.55%) 24.40% blocks. The sections were deparaf-

) finized, hydrated, and dried at 37°C.

Lesion Num. 0.5728 . . .

} A fluorescein isothiocyanate (Fl-
Multiple 23 (48.94%) 18 (54.55%) 36.29% TC)-labeled oligonucleotide probe
Single 24 (51.06%) 15 (45.45%) 44.46% (Y5200: Dako) was hybridized on the

CSF Protein 0.0173 sections in the thermostat at 55°C
Normal 24 (57.50%) 17 (51.52%) 68.36% for 3 h after a 10-min digestion; the
Elevated 23 (42.50%) 16 (48.48%) 0.00% sections were then incubated with

LDH 0.763 an anti-FITC antibody (Y5201, Dako)
Normal 32 (68.09%) 21 (63.63%) 45.45% for 30 min. The staining was visual-
Elevated 15 (31.91%) 12 (36.37%) 38.79% ized with the ISH iView system by

ECOG score 0.3933 using alkaline phosphatase and
<1 40 (85.11%) 30 (90.90%) 52.20% the nitrate tetrazole blue/5-Bromo-
1 7 (14.89%) 3(9.10%)  Not gain 4-Chloro-3-Indolyl .Phosphate (NBT/

BCIP) substrate, with neutral red for

IPI (scores) 0.0042 .

) contrast. Nasopharyngeal carcino-
Low risk (0-1) 36 (76.60%) 26 (78.79%) 54.26% ma tissue sections were used as the
Medium (2-3) 11(23.40%) 7(21.21%)  0.00% positive control and buffer fluid as

Rituximab 0.2832 the blank control. For each case, the
Yes 18 (38.30%) 18 (54.55%) 51.24% number of positive cells in three rep-
No 29 (41.70%) 15 (45.44%) A41.28% resentative microscopic fields was

WBRT 0.5297 counted with a 20x objective lens,
Yes 19 (40.43%) 13(39.39%) 40.00% and the average number was calcu-
No 28 (59.57%) 20 (60.61%) 65.68% lated. The presence of a median of

HD-MTX 225 positive cells per media power
Yes 33(70.21%) field was defined as ‘positive’ [10].
No 14 (29.18%)

FISH

“: The survival analysis only included patients with high dose MTX-based

chemotherapy, which is now a standard treatment scheme for PCNS-
DLBCL. HD-MTX: High dose MTX-based chemotherapy. WBRT: whole brain

radiotherapy.

IHC

Immunohistochemistry (IHC) for BCL2, CD10,
BCL6, MUM1, and MYC was performed.
Formalin-fixed paraffin-embedded (FFPE) tis-
sue blocks were cut into 3-5-um-thick sections,
deparaffinized, rehydrated, blocked with 3%
hydrogen peroxide, and retrieved in a water
bath at 95°C and pH 9.0 for 20 min. Antibodies
against BCL2, CD10, BCL6, MUM1 (DAKO,
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FISH testing for c-myc, bcl-2, and
bcl-6 was performed in all cases
on formalin-fixed, paraffin-embed-
ded tissue sections according to pro-
cedures previously described [11]. Dual color
break-apart probes for c-myc, bcl-6, and dual
color fusion probes for bcl-2/IGH were obtained
from Abbott Molecular/Vysis (Des Plaines, IL).
The scoring criteria included analysis of only
single nuclei with distinct nuclear borders and
the avoidance of overlapping cells. The pres-
ence of at least one green and one red signal/
cell was required for the analysis. For the break-
apart probe, two yellow signals were found in

Int J Clin Exp Pathol 2019;12(6):2215-2223
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Figure 1. Histopathology and immunohistochemical analysis in a represen-
tative PCNS-DLBCL tissue. A. Large tumor cells with a diffuse growth pat-
tern and neutrophil cell invasion. B. Cuffing structure as tumor cells invade
the perivascular space on a background of geographic necrosis. C. Diffuse

areas were affected in 24. The
most common presentations
were headache (80.85%), diz-
ziness (63.83%), dyskinesia
(44.68%) and ataxia (27.65%);
other symptoms, including vo-
miting (14.89%), cognition dy-
sfunction (8.51%), aphasia
(6.38%) and paralysis (6.38%)
were less frequently observed.
The protein concentration in
the cerebrospinal fluid (CSF)
and the lactate dehydroge-
nase (LDH) levels in the serum
were elevated in 23 and 15
cases, respectively. Nineteen
patients had high Eastern
Cooperative Oncology Group
(ECOG) scores (>1).

expression of BCL2 in the nuclear membrane of tumor cells. D. MYC ex-

pression in the nuclei of tumor cells invading the perivascular space. PCNS-
DLBCL, primary central nervous system diffuse B-cell lymphoma.

normal cells, and one yellow signal and a pair of
separated red and green signals indicated
gene break-apart, the presence of 3-5 overlap-
ping yellow signals indicated an increased copy
number (ICN), and the presence of >6 yellow
signals indicated gene amplification. For the
fusion probe, the normal cells harbored two
pairs of separated red and green signals, cells
with bcl-2/IGH gene translocation showed two
yellow fusion signals and a pair of red and
green signals, and cells with ICN of the bcl-2
gene displayed >3 red signals and two green
signals. c-myc gene abnormality along with
BCL-2 or BCL-6 gene aberration (including
translocation, ICN and amplification) was
defined as a double hit (DH) [4, 5].

Statistical methods

An association analysis was performed for all
of the 47 cases, and a survival analysis was
done for the 33 cases who received HD-MTX-
based chemotherapy using SAS 9.4 Software.

Results
Clinical and treatment-related data

Forty-seven immunocompetent patients were
included in the study. Their mean age was
58.98+2.23 years (37-84 years), and the male
to female ratio was 27:20. Twenty-three
patients had multiple lesions and deep brain
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Forty-one patients underwent
total or partial tumor resec-
tion, and 6 consented to
undergo stereotactic biopsies. Thirty-three
patients received high-dose methotrexate
(HD-MTX)-based chemotherapy in which 13
cases subsequently received whole brain radio-
therapy (WBRT) as a supplementary treatment.
Overall, 18 cases received rituximab in addition
to chemotherapy. Six patients only underwent
WBRT after their surgeries, and 8 patients did
not receive any form of therapy after surgery for
personal reasons or due to their weak physical
conditions. The median follow-up interval was
10 months (range: 1-100 months). The 3-year
overall survival (0OS) rate was 33.47%, and the
2-year survival rate was 43.03%. The 3-year
and 2-year OS for the 33 patients with HD-MTX-
based chemotherapy was 49.57% and 63.74%
respectively. The clinical and treatment-related
data are provided in Table 1.

IHC, ISH, and FISH results

Morphologically, all the tumors showed diffuse
infiltration and a replacement of the brain
parenchyma by large lymphoid cells, often in a
sheet-like pattern. The morphological charac-
teristics included a diffuse and sheet-like
growth of big tumor cells with large pleomor-
phic nuclei and prominent nucleoli (Figure 1A);
perivascular cuffing of the tumor cells and
areas of geographic necrosis were also noted
(Figure 1B). As per available patient records,
tumors were positive for CD20 but negative for
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Figure 2. FISH analysis of the representative samples (all the samples were obtained at x1000 magnification). A.
Tumor cells with normal C-MYC as shown by the two yellow fusion signals in one nucleus. B. Tumor with normal BCL-
2/IGH harboring two pairs of red and green signals in one nucleus. C. Tumor with BCL-2 ICN showing >3 red signals
and two green signals in one nucleus. D. Tumor with BCL-2/IGH translocation with two yellow signals and a pair of
red and green signals in one nucleus. E. Tumor with break-apart BCL-6 has one yellow signal and a pair of separated
red and green signals in one nucleus. F. 3~5 yellow signals in one nucleus in a tumor with BCL-6 ICN. G. Tumor with
BCL-6 gene amplification shows >6 yellow signals in one nucleus. H. 3~5 yellow signals in one nucleus of a tumor

with C-MYC ICN. FISH, fluorescence in situ hybridization; ICN, increased copy number.

both CD3 and CD5. Thirty-six cases (76.60%)
were positive for BCL2, in which 23 (42.50%)
showed high expressions (=70%, Figure 1C).
CD10 was positive in 11 cases (23.40%). Most
of the samples were positive for BCL6 (34/47,
72.34%) and MUM1 (44/47, 93.61%). All cases
expressed MYC protein, with expressions rang-
ing from 1-60% of the tumor cells, but only 18
cases were defined as positive (=.0%, Figure
1D). Eleven (23.40%) cases were defined as
presenting with BCL2/MYC DE. Four tumor
samples (8.5%) showed positive signals for
EBER. In accordance with the Hans model [8],
11 cases (23.40%) were classified as the ger-
minal center B cell (GCB) subtype, and the
remaining 36 cases as the non-GCB subtype.

On FISH, 43 cases showed satisfactory signals
for BCL-2/IGH and C-MYC and 42 for BCL-6.
Figure 2A and 2B are representative of nega-
tive signals for all 3 genes. Overall, 13 patients
showed BCL-2 gene abnormality, including 10
with ICN (Figure 2C) and 3 with translocations
(Figure 2D). BCL-6 gene alterations were
observed in 8 cases, with 2 cases of transloca-
tion (Figure 2E), 4 with ICN (Figure 2F) and 2
with amplifications (Figure 2G). C-MYC ICN was
observed in 9 cases (Figure 2H), and 5 cases
harbored bcl-2/c-myc DH. Detailed data on the

2218

IHC, ISH, and those on the FISH results are pro-
vided in Table 2.

Statistical analysis

The statistical analysis was performed using
the SAS 9.4 software. A univariate survival
analysis (Kaplan-Meier curves, log-rank test)
indicated that elevated protein levels in the
CSF (P=0.0173, Figure 3A) increased the IPI
core (P=0.042, Figure 3B) and the EBV infec-
tion (P=0.0020, Figure 3C) and were associat-
ed with poor survival. Furthermore, we found
that the bcl-2 gene abnormality (P=0.0064;
Figure 3D) BCL2/MYC DE (P=0.0476, Figure
3E) and the BCL-2/c-myc DH (P=0.0019, Figure
3F) were clearly associated with adverse out-
comes (Detailed information about DE and DH
is listed in Table 3). Other clinical and patho-
logical factors, including sex, age, number of
lesions, deep brain region involvement, LDH,
ECOG score, WBRT, Rituximab plus to chemo-
therapy, CD10, BCL6 and MUM1 expression
levels, different immunophenotypes according
to the Hans model, ICN of the c-myc gene, and
the bcl-6 abnormality did not have a significant
influence on overall survival (OS). A high expres-
sion of BCL2 was associated with bcl-2 gene
abnormality (Fisher’'s exact test, P=0.0041),

Int J Clin Exp Pathol 2019;12(6):2215-2223
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Table 2. Patients’ IHC, ISH, FISH results

included in this study. The overall

General information

Survival analysis

prognosis was poor, and the 2-year
and 3-year OS were 43.07% and

(47 cases) (33 cases with HD-MTX) A e .
Variables  Cases (%) Cases (%) 3-year OS P value 33'47_4” which 'S a “ttle_ lower than
BCL2 0.0507 what is reported in studies, and the
2-year and 3-year OS for patients
0~69% 24 (57.50%) 23(69.70%) 62.93% with HD-MTX-based chemotherapy
>70% 23 (42.50%) 10 (30.30%) 0.00% was 63.74% and 49.54% respec-
BCL6 0.9367 tively, which is similar to the 0S
Neg. 13 (27.50%)  9(27.27%)  47.71% reported in previous studies [12,
Pos. 34 (72.34%) 24 (72.73%) 56.56% 13].

e MMt 0-3053 The International Extranodal Lym
Neg. 3(6.39%) 2(6.06%) - Not gain phoma Study Group identified :‘Iive
Pos. 44 (93.61%)  31(93.94%)  52.33% clinical variables that are correlat-

CD10 0.7164 ed with prognoses in PCNSL: ele-
Neg. 36 (76.60%) 24 (72.73%) 46.75% vated LDH level, age >60 years,
Pos. 11 (23.40%) 9 (27.27%)  71.43% ECOG performance status >1, high

MYC 0.7133 CSF protein concentration, and
<40% 29 (61.70%) 22 (66.67%) 53.57% location of the tumor in deep brain
>40% 18 (38.30%) 11(33.33%) 35.35% regions [12]. In the current study,

ISH EBER 0.0020 high CSF protein levels were asso-
Neg.  43(91.49%) 30(90.90%) 52.56% ciated with poor outcomes and a
Pos. 4 (8.51%) 3(9.10%)  Not gain :_ODW: rlerszs,()fazzr\g\éa(‘)l. yilag:]s’s(ejgerg

BCL-2 0.0064 brain region involvement, and
Nor. 30(69.77%) 24 (77.42%) 60.22% ECOG score >1 had no significant
Abnor*. 13 (3023 %) 7 (22.48%) 0.00% prognostic effect.

FISH BCL-6 0.7015
Nor. 34 (8095 %) 25 (80%) 50.65% The influence of BCLG-a Zinc-finger
Abnor'. 8 (19.05%) 5 (20%) Not gain transcriptional repressor—on PCNS—

C-MYC 0.1291 DLBCL is not clear. Earlier studies

have reported that the expression
Nor. 34(79.07%) 24 (77.42%)  60.75% of BCL6 is favorable to survival in
ICN 9 (21.93%) 7 (22.48%) 26.76%

patients with PCNS-DLBCL [14,

“Including break-apart and ICN. fIncluding gene break-apart and ICN and am-
plification. EBER, Epstein-Barr virus-encoded small RNA; OS, overall survival;
ISH, in situ hybridization; IHC, immunohistochemistry; FISH, fluorescence in
situ hybridization; ICN, increased copy number; OS, overall survival.

but there was no relation between MYC overex-
pression and C-MYC ICN (Fisher’'s exact test,

P=0.0571).

Discussion

PCNS-DLBCL, a rare subgroup of DLBCL, acc-
ounts for more than 95% of primary central ner-
vous lymphomas (PCNSLs) and appears to
have an aggressive clinical course. The molecu-
lar mechanisms of PCNS-DLBCL are still
unclear. We designed this study to evaluate the
role of the bcl-2 and c-myc aberrations and
BCL2 and MYC expressions in PCNS-DLBCL. A
cohort of 47 patients with no history of primary
or secondary immunodeficiency disease was
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15]; however, two recent reports
showed that high BCL6 expression
was correlated with decreased sur-
vival [13, 16]. In the current study,
patients with BCL6 expression had
a better 5-year OS and mean survival than
BCL6-negative patients, but the difference was
not significant. Most patients were classified
into the non-GCB group, according to the Hans
algorithm, although no difference in survival
between the GCB and non-GCB groups was
found, which is consistent with previous reports
[17-20].

The negative influence of c-myc and bcl-2 gene
aberrations and the overexpression of MYC and
BCL2 in systemic highly aggressive B cell lym-
phoma has been widely reported [2, 4-7, 21],
but their effect in PCNS-DLBCL is controversial.
Tapia et al. discovered that MYC expression is
associated with poor prognoses in PCNS-

Int J Clin Exp Pathol 2019;12(6):2215-2223
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A B Cady et al. found that the
g 10 4 [L' “ §104 T prevalence rates of transloca-
Sos{ L L. o6 - 1 ™, t tions in bcl-6 and c-myc were
£ o6 | L | £ o6 - . 17% and 3% in PCNS-DLBCL
5 04 - £oa| ™ L. cases, respectively, and that
§ o2 J g 02 4 bcl-6 translocation was asso-
£ |- ciated with decreased 0S

« 00 a T T T T T T n 00 = T T T T T T 0,
0 20 40 60 80 100 0 20 40 60 80 100 [25]. Close to 40% of the
os 0s cases in our study showed

CSF —— 0 —— 1 Pl —— 0 — 1

Bcl-2 aberrations, and our

C D analysis revealed that such
-.§ 1.0 A é 10 {771 aberrations were associated
Sosq | " So0s84 | with poor outcomes in PCNS-
g 06 - i g 06 - ‘ DLBCL cases, like in the case
% 04 4 L %04 4 of systemic DLBCL [5, 26]. In
0, T 0 systemic DLBCL, c-myc ICN is
5 00 5 on associated with poor out-
o 20 4 e 8 100 o 20 4 6 8 10 comes [5], but its relation-
os os ship with prognoses in PCNS-
EBv 0 ! fishBCL-2 0 ! DLBCL is not well-known. We
E F did not observe any relation-
N T £10 “LH ship between C-myc ICN and/
2084 [ “L..,L_ 2084 ) ™ or BCL-6 gene aberration and
% 06 - - % 06 -4 _Lﬁ . prognoses. BCL-2/c-myc DH
é 04 § 0.4 was also a negative factor for
S 02 - S g2 4 0S. To our knowledge, our
§ 00 1 ‘ . . | ' § 00 L, . ‘ . ‘ . research is the first to report
0 20 40 80 80 100 0 20 40 60 80 100 the effect of C-MYC, BCL-2
0s 0s and BCL-6 abnormalities on

BCLZMYCDE —— 0 —— 1 BCcL-2C-MYCDH —— 0 —— 1

Figure 3. Kaplan Meier graphs for overall survival. Elevated protein levels in
the CSF (A), high expressions of IPI (B) and EBV infection (C) had significant
negative effects on overall survival, The BCL-2 aberrations (D) were associ-

the prognosis of PCNS-DLBCL;
our findings may serve as a
reference guide for other sci-
entists in this field.

ated with worse prognoses in PCNS-DLBCL patients. Both BCL2/MYC DE (E)

and BCL-2/C-MYC DH (F) led to the shortest survival period, on comparing
patients without these two proteins DE and without two genes DH. PCNS-
DLBCL, primary central nervous system diffuse B-cell lymphoma; HD-MTX,

high-dose methotrexate.

DLBCL cases; however, in another study, there
was no association between MYC expression
and prognosis [22]. Recently, Kim et al. report-
ed that MYC and BCL2 overexpression is asso-
ciated with a higher class in the Memorial
Sloan-Kettering Cancer Center prognostic
model and poor clinical outcomes in primary
diffuse large B-cell lymphoma of the central
nervous system. MYC/BCL2 DE was reported to
be a strong prognostic factor in PCNS-DLBCL in
some studies [23], but not in others [16, 24]. In
this study, neither the overexpression of BCL2
nor MYC affected survival significantly, though
BCL2 overexpression showed a hint of poor sur-
vival (P=0.0507). However, it was clear that
BCL2/MYC DE adversely impacted prognoses
(P=0.0476).

2220

EBV infection is closely asso-
ciated with PCNS-DLBCL in
patients with human immuno-
deficiency virus infection [27].
The EBV-positivity rate is ar-
ound 6% in immunocompetent patients with
PCNS-DLBCL [28]. Studies have shown that the
incidence of EBV infection in the Japanese pop-
ulation is a little higher than the incidence in
Western populations [10, 28-30]. In the current
study, the positivity rate (8.51%) for EBV infec-
tion was similar to that reported in the Japanese
population and a little higher than that in the
Western population. Our study confirmed the
finding that EBV infection suggests adverse
clinical outcomes in PCNS-DLBCL patients, as
reported previously [28].

WBRT has been criticized for a long time for its
inadequate efficacy and severe neurotoxicity
[31]. HD-MTX-based chemotherapy has been
suggested as a first-line treatment option for

Int J Clin Exp Pathol 2019;12(6):2215-2223
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Table 3. BCL-2, C-MYC BCL-6 gene and protein information and survival analysis

Gene and protein information

Protein BCL2 BCL6 BCL-2 BCL-6
<70% >70% Neg. Pos. Nor.  Abnor. Nor.  Abnor.
CMYC Neg. 17 12 9 20 C-MYC Nor. 26 8 27 6
Pos. 7 11 4 14 Abnor. 4 5 7 2
Survival analysis (33 cases with HD-MTX)
Cases (%) 3-year OS Case (%) 3-year OS P value
DE Yes 4 (12.12%) Not gain DH Yes 5 (16.13%) 0.00% 0.0019
No 29 (87.88%) 52.66% No 26 (83.87%) 64.35%

DE, BCL2/MYC Double expression; DH, BCL-2/c-myc gene Double-hit.

PCNS-DLBCL due to its effectiveness in pro-
longing survival and improving the quality of life
[13, 32, 33]. Our results further proved that
HD-MTX-based chemotherapy, with or without
WBRT, is an effective treatment option in such
patients following surgery.

Rituximab, a targeted drug for B cell ymphoma,
has been widely used in the treatment of sys-
temic highly aggressive B cell lymphoma, but
its usage in PCNS-DLBCL is controversial, due
its inability to access the CNS because of the
blood-brain barrier (BBB) [34]. However, sever-
al recent clinical studies have provided evi-
dence stating that rituximab can promote com-
plete remission and prolong survival [13, 31,
32, 35, 36]. Eighteen cases in this cohort
received rituximab along with HD-MTX-based
chemotherapy, but we observed little differ-
ence in prognosis between the groups with and
without rituximab. Therefore, it stands to rea-
son that the therapeutic effect of rituximab on
PCNS-DLBCL patients needs to be further stud-
ied with larger cohorts.

In conclusion, we found that bcl-2 gene aberra-
tions, BCL2/MYC DE, and bcl-2/¢c-myc gene DH
were associated with adverse outcomes in
PCNS-DLBCL cases, providing new insights into
the prognostic value of these factors in
PCNS-DLBCL.
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