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Introduction: Although the prognosis of primary central nervous system lymphoma (PCNSL), a progressive
neoplasm of the central nervous system, has improved with the use of current therapies, the overall survival rate
of patients is still low.

Objectives: Since the identification of factors that affect the survival of these patients can help physicians choose
the best treatment and prognosis, this study aimed to investigate the diagnostic and prognostic significance of
immunohistochemical biomarkers in patients with diffuse large B-cell lymphoma (DLBCL), as the most common
type of PCNSL.

Patients and Methods: In this descriptive-cross-sectional, 30 histological block samples from patients diagnosed
with DLBCL were subjected to tissue preparation and immunohistochemical staining with multiple myeloma
oncogene-1 (MUM1), B cell lymphoma-6 (BCL-6), B cell lymphoma-2 (BCL-2), cluster differentiation 10 (CD10),
and MYC antibodies, and their expression rates were determined subsequently. Patients’ characteristics, including
survival status and survival time after diagnosis, were extracted from patients’ records.

Results: Immunohistochemistry positivity for MUM1, BCL-6, BCL-2, CD10, and MYC biomarkers were seen in 25
(83%), 21 (70%), 25 (83%), 2 (7%), 25 (83%) and 0 (0%), respectively. According to the Hans algorithm, 24 patients
(80%) were activated B cell (ABC) and 6 patients (20 %) were germinal center B cell (GCB). Totally, 23 (77%)
patients have died during the study period. The mean survival time of patients was 12 months (95% Cl: 14.47-
33.24). There was no significant difference in death rate for different categories of variables such as demographic
characteristics, DLBCL subgroup, and biomarker positive rates (P>0.05). According to the univariate cox model,
the immunohistochemistry (IHC) reactivity rate for the studied biomarkers did not significantly affect the survival.
In contrast, chemotherapy and radiotherapy reduce the hazard of death by 72% and 65%, respectively.
Conclusion: The results of the present study revealed that the expression rate of MUM1, BCL-6, BCL-2, CD10, and
MYC could not be used as a proper prognostic biomarker for DLBCL patients.

Introduction

Primary central nervous system lymphoma
(PCNSL) is a type of non-Hodgkins
lymphoma and is a rare, highly invasive, and
progressive central nervous system (CNS)
neoplasm. It should be noted that although the
response to PCNSL treatment is better than
other CNS neoplasms, it has a poor prognosis
compared to other lymphomas (1). PCNSL
accounts for 4% of all CNS neoplasms in
immunocompetent individuals (2), Increased
prevalence of acquired immunosuppressive
diseases and immunosuppression following
organ transplantation lead to increase in the
PCNSL prevalence (3).

Morphologically, more than 90% of these
tumors are diffuse large B-cell lymphoma
(DLBCL), based on the latest WHO
classification (4). According to the type of
gene expression, DLBCLs are divided into
two subgroups of tumors similar to the B-cell
germination center (GCB) and tumors similar
to activated B cells (ABCs) (5). Although
the prognosis and survival of these patients
have been improved by systemic treatment of
high-dose methotrexate, the overall survival
of most patients is still low (6,7). The results
of some studies have indicated that this
morphological classification cannot predict
the survival rate of patients with PCNSL
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Key point

The results of the present study revealed that the expression rate of
multiple myeloma oncogene-1 (MUMT1), B cell lymphoma-6 (BCL-6),
B cell lymphoma-2 (BCL-2), cluster differentiation 10 (CD10), and
MYC could not be conducted as a proper prognostic biomarker for
patients with diffuse large B-cell lymphoma (DLBCL), as the most
common type of primary central nervous system lymphoma (PCNSL).

(8,9). Due to the increasing incidence of PCNSL (even
in people with good immunity), genetic heterogeneity
of patients, and numerous problems in the management
and treatment of these patients, introduction of new
prognostic and diagnostic biomarkers in PCNSL had given
significant attractions during the last years (10). Different
biomarkers have been studied in a number of studies with
contradictory results. For example, the expression of B cell
lymphoma (BCL)-6 marker in PCNSL was associated with
a poor prognosis in the studies conducted by Chen et al
(9) and Kreher et al (11). On the other hand, in the study
performed by Lossos et al, the expression of this biomarker
was reported to be associated with a better prognosis in
these patients (12).

Objectives

The present study aimed to evaluate the diagnostic
and prognostic significance of immunohistochemical
biomarkers of multiple myeloma oncogene-1 (MUM-1),
B cell lymphoma -6 (BCL-6), B cell lymphoma -2 (BCL-
2), and cluster differentiation (CD10), MYC in DLBCL
patients.

Patients and Methods

Study design

In this descriptive-cross-sectional study was conducted
on the histological block samples (n=30) from patients
who were histopathologically diagnosed with DLBCL at
the Loghman Hakim hospital, Tehran, Iran, during 2012-
2019. Initially, the patients’ characteristics, including age,
gender, type of treatment, survival status, and duration of
survival after diagnosis was extracted from the patients’
records. The samples were taken for the preparation of an
immunohistochemical slide after the confirmation of the
diagnosis.

Immunohistochemical staining

First, tissue sections with a thickness of 4 to 5 microns
were cut from the molded samples, then the slides are
immersed in xylene to remove the paraffin and then
hydrated with descending does of ethanol (99%, 95%,
and 70%). In the next step, the slides were treated by 5%
hydrogen peroxide for 10 minutes to quench the activity
of endogenous peroxidase and then washed by tape water.
The samples were then placed in a 0.01 M sodium citrate
buffer in a microwave oven for 1 min at 98 °C for antigen
retrieval. The slides were transferred to Tris buffer saline

(TBS) for 5 minutes. Primary antibodies against MUM1,
BCL-6, BCL-2, CD10, and MYC were added at a dilution
of 1:200 and kept at 4 °C for one hour. Afterward, washing
had done twice by the TBS. The slides were blocked by
10% normal goat serum for 5 min and excess serum
was removed. The samples were then incubated with
secondary antibody at a dilution of 1:500 for 45 min and
washed again twice (each time for 5 minutes) with TBS.
Subsequently, the chromogenic reaction was conducted
by diaminobenzidine (DAB), and the counter-stain was
performed with hematoxylin. Eventually, the samples were
examined under a light microscope.

Evaluation of antibody expression rate

Microscopic examination of antibody-labeled sections
was performed on the prepared immunohistochemical
slides using a light microscope. At least 1000 cells per slide
were counted by eye, and the percentage of stained cells
was determined as well. Subsequently, the percentages of
brown and blue stained cells in each tissue were compared,
and the extent of staining was reported in terms of the
percentage of stained cells. Staining was considered
positive for MUM-1, BCL-6, and CD10, when >30% of
cells were positively stained. For BCL-2 and MYC, staining
was considered positive when >50% and >40% of cell were
positively stained, respectively. The DLBCL type was also
determined based on the Hans algorithm (13).

Statistical analysis

The data analysis was performed by statistical software
STATA version 16. Variables presented by frequency
(percentage) and mean (SD). Meanwhile, the chi square
test was conducted to compare dead and survived patients.
We have considered the duration between admission and
death of patients as the survival time. Intergroup survival
time comparison was done by Kaplan-Meier curves and
log-rank test for all variables. Univariate cox model was
carried out to have a better estimation of hazard ratio (HR)
ant its confidence interval for each variable. A P value less
than 0.05 was considered statistically significant.

Results

Out of 30 patients, 14 (46.67%) and 16 (53.33%) patients
were male and female, respectively. Moreover, 63.33%
of patients (19 patients) were less than 60 years and 11
(36.67%) were more than 60 years old. Chemotherapy and
radiotherapy treatment were performed on 24 (80%) and
11 (37%) patients, respectively. The DLBCL subtype was
ABC in 24 (80%) patients and GCB in 6 (20%) patients,
based on Hans algorithm. Positive immunohistochemistry
(IHC) staining for MUMI, BCL-6, BCL-2, CD10, and
MYC biomarkers were seen in 25 (83%), 21 (70%), 25
(83%), 2 (7%), and 25 (83%), 0 (0%) respectively. In
addition, double-hit lymphoma (Co-expression of MYC
and BCL-2 or MYC and BCL-6) and triple-hit lymphoma
(co-expression of MYC & BCL-2 and BCL-6) were
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not found in the samples. During the study, 23 (77%)
patients have died. We used chi-square test to compare
the difference between survived and dead patients. There
was no significant difference in death rate for different
categories of variables (Table 1).

The THC reactivity rate for the studied biomarkers did
not significantly affect the survival. Intergroup survival
time comparison by log-rank test for various variables
showed only significant difference for chemotherapy
and radiotherapy variables. In addition, according to

Table 1. Demographic characteristics and clinical features of patients

Biomarkers in DLBCL

the univariate cox model, HR for chemotherapy and
radiotherapy were 0.28 and 0.35, respectively. In other
words, chemotherapy and radiotherapy reduce the hazard
of death by 72% ((1-0.28)x100) and 65% ((1-0.35)x100)
respectively (Table 2).

The mean and median survival time of patients was
12 months (95% CI: 14.47 - 33.24) and 12 months,
respectively. Table 3 shows mean and median survival
time of patients according to demographic characteristics,
treatment type, DLBCL subgroup, and biomarker positive

Survived Dead Total %2 P value
Gender
Female 3 (18.75%) 13 (81.25%) 16 (53.33%)
0.402 0.526
Male 4 (28.57%) 10 (71.43%) 14 (46.67%)
Age
Less than 60 years 6 (31.58%) 13 (68.42%) 19 (63.33%) 1.97 0.161
More than 60 years 1 (9.09%) 10 (90.91%) 11 (36.67%) ' '
Chemotherapy
No 0 (0.0%) 6 (100.0%) 6 (20.0%)
2.28 0.131
Yes 7 (29.17%) 17 (70.83%) 24 (80.%0)
Radiotherapy
No 3 (15.79%) 16 (84.21%) 19(63.33%)
1.65 0.199
Yes 4(36.36%) 7 (63.64%) 11 (36.67%)
MUMT1
Negative 2 (40.0%) 3 (60.0%) 5(16.67%)
> 0.931 0.334
Positive 5 (20.0%) 20 (80.0%) 25 (83.33%)
BCL-6
Negative 2(22.22%) 7 (77.78%) 9 (30.0%)
. 0.009 0.925
Positive 5(23.81%) 16 (76.19%) 21 (70.0%)
BCL-2
Negative 2(22.22%) 7 (77.78%) 9 (30.0%)
. 0.009 0.925
Positive 5(23.81%) 16 (76.19%) 21 (70.0%)
CD10
Negative 7 (25.0%) 21 (75.0%) 28(93.33%)
0.652 0.419
Positive 0 (0.0%) 2 (100.0%) 2 (6.67%)
MYC
Negative 7 (23.33%) 23 (76.67%) 30 (100.0%)
Subtype
GBC 2(33.33%) 4 (66.67%) 6 (20.0%)
0.419 0.517
ABC 5 (20.83%) 19 (79.17%) 24 (80.0%)

ABC: Activated B cell, BCL-2: B cell lymphoma -2, BCL-6: B cell lymphoma -6, CD 10: cluster differentiation 10, GBC: Germinal center B cell, MUM1: Multiple

myeloma oncogene-1.

Table 2. Intergroup survival time comparison (Log-rank test) and univariate cox model according to the patients’ characteristics, and studied biomarkers

Characteristics Log-rank y? (P value)

Univariate cox model

HR P value 95% Cl
Age (260 versus <60 years) 1.58 (0.208) 1.68 0.237 0.71-3.95
Gender (male versus female) 0.78 (0.376) 0.69 0.401 0.30-1.63
Chemotherapy (yes versus no) 8.49 (0.003) 0.28 0.010 0.10-0.73
Radiotherapy (yes versus no) 5.53(0.018) 0.35 0.031 0.13-0.91
MUMT1 (positive versus negative) 1.35 (0.249) 1.97 0.276 0.58-6.71
BCL-6 (positive versus negative) 0.03 (0.863) 0.93 0.870 0.37-2.28
BCL-2 (positive versus negative) 0.27 (0.601) 1.27 0.618 0.49-3.26
CD10 (positive versus negative) 2.79 (0.095) 3.16 0.146 0.67-14.91
Subtype (ABC versus GBC) 0.19 (659) 1.26 0.675 0.43-3.73

ABC: Activated B cell, BCL-2: B cell lymphoma -2, BCL-6: B cell lymphoma -6, CD 10: cluster differentiation 10, GBC: Germinal center B cell, HR: Hazard ratio,

MUMT1: Multiple myeloma oncogene-1.
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Table 3. Mean survival time and its confidence interval of demographic
variables and clinical features of patients

Mean survival time Median

(95% ClI) survival time

Gender

Female 17.56 (7.61-27.51) 11.00

Male 29.25 (14.20-44.30) 12.00
Age

Less than 60 years 25.42 (14.20-44.30) 13.00

More than 60 years 17.64 (3.17-32.10) 4.00
Chemotherapy

No 5.33 (0.00-12.71) 1.00

Yes 28.48 (17.59-39.38) 13.00
Radiotherapy

No 13.53 (5.22-21.83) 2.00

Yes 38.84 (23.28-54.39) 45.00
MUMT1

Negative 31.00 (14.83-47.17) 24.00

Positive 21.46 (11.27-31.64) 8.00
BCL-6

Negative 18.89 (6.87-30.91) 13.00

Positive 24.54 (12.93-36.16) 12.00
BCL-2

Negative 26.11 (6.94-45.28) 13.00

Positive 21.19 (11.71-30.67) 11.00
CD10

Negative 25.41 (15.60- 35.23) 12.00

Positive 2.00 (2.00-2.00) 2.00
MYC1

Negative 12.00 (14.47-33.24) 12.00
Subtype

GBC 22.50 (4.90-40.10) 12.00

ABC 23.18(12.84-33.53) 11.00

Total 12.00 (14.47-33.24) 12.00

ABC: Activated B cell, BCL-2: B cell lymphoma -2, BCL-6: B cell lymphoma
-6, CD 10: cluster differentiation 10, GBC: Germinal center B cell, HR:
Hazard Ratio, MUMT1: Multiple myeloma oncogene-1.

rates. In addition, for all variables, the Kaplan-Meier
survival curves is drawn to compare the estimated survival
time of the groups (Figure 1). The Kaplan-Meier survival
curves for subgroup in Figure 2 shows as the same survivals
estimation for germinal center B cell (GCB) and ABC.

Discussion

The present study was conducted on 30 samples from
DLBCL patients, and the results showed that most of them
were ABC type. Moreover, about 75% of the patients had
died during study follow-up, and the mean survival time
of patients was 12 months. Demographic characteristics,
DLBCL subgroup, and biomarker positivity did not
significantly affect the patient’s survival. Intergroup

survival time comparison showed only significant
difference for chemotherapy and radiotherapy variables
According to the univariate cox model, chemotherapy and
radiotherapy reduce the hazard of death by 72% and 65%,
respectively.

The importance of diagnostic and prognostic biomarkers
in the identification of the disease origin, estimation of
the prognosis or response to treatment, and monitoring
of treatment regimens is clear. In our study, as a previous
study unlike systemic DLBCLS, the majority of cases were
ABC with a low expression of GC markers (CD10 and
BCL-6) and high expression of the activated B cell marker
(MUM-1). Generally, PCNSL is a rare low-incidence
condition that is difficult to study, and there is a need for
personalized treatments due to the differences between
patients from a cellular and molecular perspective.
Therefore, it is clinically important to determine the
best treatment for each patient individually and identify
cellular biomarkers and measure their relationship
with demographic characteristics and patients’ survival
(14). Various studies have investigated the prognostic
significance of biomarkers, such as MUM1, BCL-6, BCL-
2, MYC, and CD10 in these patients. However, the results
of these studies are often contradictory. Some studies have
reported that BCL-6 is a factor for better prognosis (15-
17), while such a result has not been reported in some
other studies (18-22). Yin et al examined the relationship
between the expression rate of CD10, BCL-6, MUMI,
BCL-2, and MYC biomarkers and the prognosis on 47
patients and reported that the expression rates of BCL-2
(over 70%) and MYC (over 40%) were not associated with
patients’ survival (23). The results of a study performed
by Liu et al on 89 patients in China indicated that the
expression rates of CD10, BCL-6, MUM1, and BCL-
2 biomarkers were 16.9%, 51.7%, 92.1%, and 73.3%,
respectively, and that none of these could predict patients’
prognosis (24). In the same line, Kreher et al, found no
relationship between MUMI1 expression rate and patients’
prognosis (11). Niparuck et al reported the expression
rate of 19%, 86%, 91%, 91%, and 23% for CD10, BCL-
6, MUMI, BCL-2, and MYC biomarkers in 43 patients,
respectively, and reported that CD10 and BCL-2 were
associated with good and poor prognosis, respectively
(25). In a study conducted on 86 patients in India, MUMI,
BCL-6, CD10, and C-MYC were expressed in 80.2%,
32.6%, 2.3%, and 4.6% of patients, respectively. Only BCL-
6 was associated with a slightly better prognosis (15). Based
on the study performed by Gomes Candido Reis et al,
MYC overexpression was associated with a poor prognosis
(26). Son et al also reported that MYC was a prognostic
factor associated with PCNSL (27). Our findings, did not
find any significant correlations between IHC positivity
of the studied biomarkers and patient’s survival. Also, no
significant difference was observed between ABC and
GCB on survival time, which is according with earlier
studies.
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Figure 1. The Kaplan-Meier survival curves for gender; age and clinical features.

Regarding the conflicting results obtained in the above-
mentioned studies, it is impossible to reach a single
conclusion in terms of the effectiveness of biomarkers in
the prognosis of patients due to the rarity of the disease
and the small sample size of the studies. However, due to
the increasing incidence of this disease for various reasons,
such as organ transplantation and the widespread use of

immunosuppressive drugs, studies with larger sample
sizes are required to investigate the factors affecting the
patients’ prognosis and treatment.

Conclusion
The results of the present study revealed that the expression
rate of MUM1, BCL-6, BCL-2,CD10,and MYC biomarkers
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Kaplan-Meier survival estimates by (Subtype)
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Figure 2. The Kaplan-Meier survival curves to compare germinal center B cell
and activated B cell.

did not significantly affect the patients” survival and hence
could not be suggested as an appropriate prognostic
biomarker in DLBCL patients.

Limitations of the study

One of the most important limitations of this study is
the low sample size. However, due to the rareness of the
disease, most similar studies also have a sample size.
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