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Objectives: The objective of this study was to investigate the expression level of CD40 and 

its role in the prognosis of patients with diffuse large B-cell lymphoma (DLBCL) who were 

treated with rituximab-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and 

prednisone).

Design and methods: The immunohistochemical expressions of CD40 in 186 well-characterized 

DLBCL patients were evaluated by tissue microarrays, thereby revealing the relationship of the 

molecule CD40 with known tumor, patient-related variables, and survival rates.

Results: The results showed that CD40 expressions were not statistically different between the 

germinal center B-cell-like (GCB) type and the non-GCB type. We also analyzed the relationships 

of CD40 expression with overall survival (OS) and progression-free survival (PFS) in DLBCL 

patients who were uniformly treated with R-CHOP. A low expression of CD40 compared to 

high expression is related to poor OS and PFS. 

Conclusion: Our findings indicate that the CD40 level at onset acts as an independent prog-

nostic predictor of DLBCL patients treated with R-CHOP.
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Introduction
Diffuse large B-cell lymphoma (DLBCL) is one of the most common histological 

subtypes of non-Hodgkin’s lymphoma, characterized by heterogeneity in its clini-

cal, immunophenotypic, and genetic features.1 The discovery of rituximab and its 

correct application in combination with cyclophosphamide, doxorubicin, vincristine, 

and prednisone (CHOP) (standard first-line treatment) have significantly improved 

clinical outcome in DLBCL patients and have made the disease a curable malignant 

tumor. However, still a number of patients with DLBCL undergo relapse or show no 

response to the standard first-line therapy.2,3 Prediction of outcome is important to avoid 

overtreatment and also to identify others who might benefit from intensive therapy. 

As the most important prognostic factor for survival – International Prognostic Index 

(IPI) – has gained wide acceptance, it is considered to be the strongest indicator to 

identify high-risk patients and also as a guidance for individual treatment.4

The IPI, based on clinical features (eg, age, stage, and level of lactate dehydrogenase), 

neither reflects the molecular heterogeneity of DLBCL nor predicts responsiveness to 

therapy. The IPI score is no longer considered to be the strongest prognostic indicator 

in rituximab (R)-CHOP-treated patients, and a recent analysis revealed that it failed 
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to recognize a subgroup with long-term survival rate of less 

than 50%.5,6 Biomarkers seem to contribute to perfect risk-

stratification in DLBCL and to identify high-risk subgroups 

benefiting from intensified or novel therapies.7,8 Therefore, 

there arises an urgent need for biomarkers as new standard 

prognostic indicators not only for patients with DLBCL but 

also for patients with other tumors.

Several biological markers have been studied in order to 

recognize high-risk patients, who show an early relapse or 

poor response to standard treatment, but none has been proved 

to be completely effective, and more independent factors have 

still to be identified and confirmed. Proposed scoring systems 

are too sophisticated for daily use or their predictive value 

is inferior to IPI. CD40 is a 43kD membrane glycoprotein  

and a member of the tumor necrosis factor (TNF) receptor 

family, and it is expressed in certain cells, including B lym-

phocytes and antigen-presenting cells such as dendritic cells 

and monocytes. As we all know, CD40 is a growth signal 

receptor for B lymphocytes.9 Recent studies have shown that 

CD40 is expressed in DLBCL, and the higher its expression 

level, the better the prognosis of patients.10–12

In the present study, we used immunohistochemistry 

(IHC) to examine 186 paraffin-embedded tumor tissues from 

patients with DLBCLs treated with R-CHOP and correlated 

CD40 expression with patients’ clinicopathological features 

and clinical outcomes.

Materials and methods
Patients
Pretreatment biopsies of 186 consented patients with 

DLBCL admitted to the Nanjing First Hospital and Affiliated 

Hospital of Nantong University from 2005 to 2010 were 

studied, the patients met the following criteria: 1) con-

firmed diagnosis of DLBCL (diagnosis of de novo DLBCL 

in human immunodeficiency virus (HIV)-negative patients; 

primary mediastinal B-cell lymphoma, cutaneous LBCL, 

intravascular LBCL, and involvement of central nervous 

system at the time of diagnosis were excluded) following a 

pathologic review; 2) treatment with R-CHOP (rituximab, 

cyclophosphamide, adriamycin, vincristine, and prednisone); 

3) diagnostic paraffin material detected by tissue microarray 

(TMA); and 4) tested negative for HIV l. All the cases were 

histologically reviewed by two senior pathologists according 

to the World Health Organization classification of tumors 

of hematopoietic and lymphoid tissues to confirm the diag-

nosis. For germinal center B-cell-like (GCB) type, CD10+, 

BCL-2−, centerine+, and MUM1 are immunologically 

stained. For non-GCB type, CD10−, BCL-2+, centerine−, and 

MUM1+ are immunologically stained. Complete response 

(CR), partial response (PR), stable disease, and progressive 

disease were defined according to International Working 

Group recommendations.13 Clinical follow-up data were 

obtained from the patients’ medical records. The study was 

approved by the Institutional Review Boards of Nantong 

University (People’s Republic of China) and Nanjing 

Medical University (People’s Republic of China). The 

study was conducted in accordance with the Declaration of 

Helsinki. Written informed consent was obtained from each 

participant or from the patient representatives.

Tissue microarray
Tumor samples were arrayed as described previously.14,15 

Slides of 5 µm tissue sections were stained with hematoxylin–

eosin stain and used to identify and mark out a representative 

viable tumor tissue. Using a 0.6 mm needle, core biopsies 

from the areas of corresponding paraffin-embedded blocks 

were placed at defined coordinates in the recipient paraffin 

array blocks using a manual arrayer (Beecher Instruments, 

Sun Prairie, WI, USA). The array blocks were constructed 

at a density of 80–150 cores per array. A single core was 

evaluated from each case. The analysis of single TMA core 

typically shows more than 90% concordance with the con-

ventional whole section analysis of tumor markers and it has 

been validated previously.16

immunohistochemistry
Consecutive tissue sections (4 µm thickness) from the TMAs 

were cut into adhesive-coated slides and deparaffinized 

with serial xylene, ethanol gradient, and distilled water. 

Heat-induced antigen retrieval was performed in a pressure 

cooker containing 1 mM ethylene diamine tetraacetic acid 

(pH 8.0) or 10 mM citrate (pH 6.0) at 120°C for 3 minutes. 

Endogenous peroxidase was blocked using 10% hydrogen 

peroxide solution at room temperature for 5 minutes. The 

sections were then rinsed in phosphate buffered saline (PBS) 

for 5 minutes and incubated at 4°C overnight with mono-

clonal antibodies against CD40 (Santa Cruz Biotechnology, 

Inc., Dallas, TX, USA). After washing with PBS, two to three 

drops of secondary antibody were added, and the sections 

were incubated at room temperature for 30 minutes. Finally, 

the sections were counterstained with Mayer’s hematoxylin 

and then mounted. Additional sections, running in parallel 

but without addition of the primary antibody in the first 

incubation, served as negative controls.

IHC staining was evaluated independently by two expe-

rienced pathologists, who were blinded to the clinical data. 

One hundred cells were evaluated in each tumor core, and 

the percentage of positive cells was calculated. The scores 
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of the three tumor cores were finally averaged for each 

patient. A case was considered positive if 10% or more of 

the cells were stained with an antibody. Digital microscopy 

images were captured using an Olympus BX51 microscope 

(Olympus, Tokyo, Japan), imported into Image Pro Plus 

Version 4.5 (Media Cybernetics Inc., Bethesda, MD, USA), 

and processed digitally for adjustments of contrast, bright-

ness, and color balance. The integrated optical density (IOD) 

of all the positive staining in each field and area of interest 

(AOI) were measured. The IOD was used to evaluate the 

area and intensity of the positive staining. The mean density 

(IOD/AOI) represented the concentration of specific protein 

per unit area. Using the median staining mean density of 

CD40 by IHC as the staining threshold, we separated patients 

into low-expression group with values ,89.27 and high-

expression group with values $89.27.

statistical analysis
Statistical analyses were performed with SPSS software 

version 11.0. Mann–Whitney U-test (two-tailed) was per-

formed to compare two groups, and one-way analysis of 

variance (ANOVA) and Pearson correlation were performed 

to determine the significance of differences in multiple com-

parisons. Overall survival (OS) and progression-free survival 

(PFS) time distributions were calculated by the Kaplan–Meier 

method and analyzed by log-rank test. PFS was defined as 

the interval between the date of initial diagnosis and the date 

of disease progression or death from lymphoma or treatment 

toxicity. OS was calculated as the time from diagnosis to the 

date of death or last contact. Differences were considered 

statistically significant if P-values were less than 0.05.

Results
clinical characteristics of the series
A summary of the clinical characteristics of the entire series 

of patients is given in Table 1. Complete clinical and histo-

pathologic data were available for all 186 patients. All patients 

received six to eight (median 6.8) cycles of standard R-CHOP 

regimen. The overall response rate (CR+PR) was 86.7% (CR 

was 67.7%), while disease was stable in 7.9% and progressed 

in 5.4% patients. The median follow-up time for all patients 

was 50.4 months. The median follow-up time for patients 

alive at the follow-up was 46 (6–92) months. The estimated 

3-year OS was 70.5% and the estimated PFS was 61.3%.

correlation between cD40 expression 
and clinicopathological parameters
About 131 patients (70.4%) showed IHC-positive CD40. 

Based on Muris algorithm, 68 patients (36.5%) were 

classified as GCB subtype and 63 patients (33.9%) as non-

GCB subtype. About 55 patients (29.6%) showed IHC-

negative CD40. Twenty nine patients out of 55 (15.6%) 

were classified as GCB subtype and 26 patients (14%) as 

non-GCB subtype. There were no statistically significant 

differences in DLBCL subclassification between mod-

erate positivity (Figure 1A) and high positivity groups 

(Figure 1B) (P.0.05). The CD40 expression was observed 

to correlate with age, sex, stage, lactate dehydrogenase level, 

and IPI score, but no statistical significances were obtained 

(Table 2) (P.0.05).

effect of cD40 expression on therapeutic 
response
Given the expression level of CD40 has an important pre-

diction value for therapeutic response (R-CHOP), we found 

among 186 documented cases, CD40 was expressed in high 

expression group in 85 complete remissions (67.5%) and in 

low expression group only in 41 cases (32.5%) (P,0.05). 

Table 1 summary of clinical characteristics of 186 patients with 
diffuse large B-cell lymphoma

Characteristics Number of patients (%)

age (range), years (16–85)
Median 64.2
#64 79 (42.5)

.64 107 (57.5)
sex

Male 113 (60.7)
Female 73 (39.3)

Performance status
0 33 (17.7)
1 59 (31.7)
2 65 (35)
3 20 (10.8)
4 9 (4.8)

lactate dehydrogenase
normal 103 (60.7)
high 83 (39.3)

extranodal involvement
Yes 105 (56.5)
no 81 (43.5)

stage
i 23 (12.4)
ii 49 (26.3)
iii 75 (40.3)
iV 39 (21)

international Prognostic index
0 8 (4.3)
1 17 (9.1)
2 31 (16.7)
3 54 (29)
4 50 (26.9)
5 26 (14)
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In patients with complete remission (n=126), CD40 was 

expressed in 49.4% of the tumor cells on average (95% 

confidence interval [CI], 35–89), whereas in patients with-

out complete remission, CD40 was expressed in 18.7% of 

tumor cells (95% CI, 5–42; P,0.05). CD40 expression 

was the highest in patients with CR and higher in patients 

with PR compared to patients with no response (P,0.05) 

(Figure 2). All factors associated with failure to achieve 

complete remission in the univariate models were involved 

in multivariate analysis, which showed that CD40 expres-

sion in ,35% of tumor cells (P=0.018), B symptoms 

(P=0.022), and high IPI (P=0.009) were the independent 

predictive factors for treatment resistance.

correlation of cD40 expression with 
PFs and Os
The relationships between the percentage of CD40 

expression and survival rates for 186 DLBCL patients 

(an average of 4.1 years of follow-up) were also examined. 

Figure 3 shows the Kaplan–Meier survival curves of the 

patients grouped by the percentage of CD40-expressing 

cells in their tumors. The cumulative survival rate of the 

patients with high expression of CD40 was significantly 

higher compared with patients with low expression 

of CD40 (P,0.05). Patients with high expression of 

CD40 lived longer compared with patients with low 

expression of CD40.

Figure 1 cD40 immunohistochemistry in tissues of DlBcl patients.
Notes: (A) low and (B) high cD40 expression in a case of DlBcl ×200 magnification.
Abbreviation: DlBcl, diffuse large B-cell lymphoma.

Table 2 association between cD40 expression (iOD/aOi) and different clinicopathological features of diffuse large B-cell lymphoma

Clinicopathological features Number of cases CD40 expression P-value

age

#64 79 99.42±6.94

.64 107 93.81±9.35 0.5362

sex
Male 113 95.33±7.87
Female 73 89.57±6.24 0.6129

lactate dehydrogenase    
normal 103 96.11±6.49
high 83 88.96±8.42 0.3985

stage
i 23 101.03±7.13
ii 49 92.88±6.99
iii 75 95.21±5.78
iV 39 89.79±9.27 0.2408

iPi
low risk 25 99.58±8.81
low to intermediate risk 31 94.11±5.99
intermediate to high risk 54 91.23±7.67
high risk 76 87.98±10.35 0.3647

Notes: Data are presented as Mean ± sD. results are in response to a one way analysis of variance (anOVa). P-values were considered significant at ,0.05.
Abbreviations: iOD, integrated optical density; aOi, area of interest; sD, standard deviation, iPi, international Prognostic index.
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Discussion
The chimeric monoclonal antibody – rituximab – chooses 

CD20 antigen as its target in B cells. Therefore, in the treat-

ment of DLBCL, it is an extremely important drug. Young 

and elderly patients benefited from the combination of 

CHOP and rituximab, and their clinical outcome significantly 

improved.17,18 However, there are still a considerable number 

of patients who show no response to rituximab-based therapy 

or who relapse early, and the outcome of these patients to 

second-line or salvage therapies is not satisfactory. The IPI 

remains the most successful clinical prognostic instrument for 

DLBCL. However, the IPI score is no longer considered as a 

strong prognostic indicator for R-CHOP-treated patients, and 

a recent analysis revealed that it failed to recognize subgroups 

with a long-term survival rate lower than 50%.5,6 Biomarkers 

seem to contribute to perfect risk stratification in DLBCL and 

to identify high-risk subgroups of patients benefiting from 

intensified or novel therapies.2 Currently there is no a reliable 

system that could effectively identify such patients prospec-

tively, which needs to identify a more effective prognostic 

evaluation system for patients treated with R-CHOP.

CD40 is a member of the tumor necrosis factor recep-

tor family and is expressed on non-immune cells and on 

tumor cells–mostly in B-cell malignancies – as well as 

on several immune cells including normal B cells.19 It has 

been demonstrated that agonistic CD40 antibodies may 

mediate antitumor activity through the activation of CD40-

positive antigen-presenting cells, including dendritic cells.20,21 

A recent report showed that in the help of CD40-independent 

natural killer (NK) cells, the immunity against endogenous 

B-cell lymphoma by dendritic cell vaccine-induced T-cell 

was enhanced. Hömberg et al22 showed that exogenous 

dendritic cells can trigger endogenous NK cells, resulting in 

the generation of interferon-γ and initiating a cascade that 

eventually leads to cytotoxic T-lymphocyte responses. This 

pathway depends on a preceding maturation step to obviate 

CD4(+) T-cell help and CD40 signaling.22 A Phase I study of 

the agonistic IgG1 chimeric anti-CD40 antibody ChiLob7/4 

in patients with CD40-expressing solid tumors and DLBCL 

was conducted. The authors found that ChiLob7/4 can acti-

vate B and NK cells at doses that can be administered safely, 

and ChiLob7/4 should be tested in combination with other 

antibodies and chemotherapy agents.23 In addition, another 

Phase I and Phase II study of dacetuzumab was conducted in 

patients with refractory or recurrent B-cell Non-Hodgkin’s 

lymphoma (NHL), including DLBCL.24,25 CD40L/CD154 

mainly expressed on activated helper T cells is the ligand 

of CD40 and interacts with it. This interaction leads to the 

B cells guided by their differentiation program – a process 

Figure 2 Mean expression of cD40 using immunohistochemistry in tumors cr, 
Pr, nr, and control.
Notes: *P,0.05. The black lines connecting different bars represent the comparison 
made between the two. comparisons were made between cr with Pr and cr vs 
nr, Pr vs nr. P-values were considered significant at ,0.05.
Abbreviations: cr, complete response; Pr, partial response; nr, no response; 
iOD, integrated optical density; aOi, area of interest.

Figure 3 Overall survival (A) and progression-free survival (B) curves of patients according to cD40 protein expression level.
Note: P,0.05.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3804

song et al

that mainly takes place within the germinal centers.26,27 

CD40 signal has been shown to be associated with B-cell 

proliferation, growth, and differentiation; however, several 

recent studies have shown that it plays an important role in 

a diverse array of biological processes. CD40 engagement 

may be associated with weakening the ability of survival 

and malignancy in tumor cells. It can promote apoptosis 

and stimulate angiogenesis and transcription/secretion of 

matrix metalloproteinase.28,29 In addition, it has been reported 

that CD40 upregulates the expression of ICAM-1,30 a cell-

adhesion molecule important for cell–cell interactions. These 

programs are closely related to the migration and invasion of 

tumor cells. However, how the expressions of CD40 affect 

the malignant cells of DLBCL are not well established. Some 

studies have found that the expression of CD40 defined by 

IHC in DLBCL results in a favorable prognosis.10,11,29

Therefore, we analyzed the expression of CD40 in 

specimens of DLBCL. In our study, all the 186 patients with 

DLBCL were treated with R-CHOP and the expression of 

CD40 was found to be higher in patients with CR compared 

to patients with PR, and in patients with PR compared to 

patients with no response. Therefore, high CD40 expression 

can predict DLBCL patients’ response to R-CHOP regime. 

The preliminary results demonstrate that the long-term 

survival rate including 3-year OS and 3-year PFS in patients 

with high CD40 expression was superior compared with 

patients with low expression. The expression level of CD40 

positively correlates with the prognosis of DLBCL patients. 

So if we formulate more adequate regimen based on CD40 

expression, the long-term survival rate can be improved 

in DLBCL patients with different risk factors. In order to 

minimize the inherent biases of the study, we selected only 

patients with de novo DLBCL treated with standard first-line 

chemotherapy and excluded other presentations of DLBCL 

such as HIV-positive, primary mediastinal, central nervous 

system, intravascular and testicular lymphomas, transformed 

NHL, and cutaneous LBCL.31

Conclusion
In conclusion, this study demonstrates that in routine 

pathologic specimens, CD40 expression can be detected 

by IHC. Low levels of CD40 expression indicate a poor 

prognosis, since R-CHOP produces limited benefits. These 

results have shown that we can effectively identify DLBCL 

patients with poor clinical outcome, which guides us to adopt 

more intensive treatment for those patients. Our finding was 

based on the analysis of a small cohort of DLBCL patients 

and is a retrospective study. Patients with DLBCL should be 

classified based on the effective prognostic factors such as 

CD40 and treatment including upfront hematopoietic stem 

cell transplantation should be aggressively administered to 

patients with an unfavorable prediction. To further advance 

the detection of CD40 expression for clinical applica-

tion, larger-scale, prospective studies on DLBCL patients 

are required.
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