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Introduction

Diffuse Large B Cell lymphoma (DLBCL) is the most 
common type of B cell Non Hodgkin’s Lymphoma (NHL), 
accounting for approximately 30%-40% of all B cell NHL 
cases. The disease heterogeneity affects its aggressiveness 
and response to therapy [1]. The introduction of rituximab, 
an anti-CD20 monoclonal antibody that specifically 
targets B-cells, has significantly improved outcomes 
for DLBCL patients. Progression-free survival (PFS) 
rates have increased from 51% to 69% in the rituximab 
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era [2]. Despite this advancement, the response rate to 
initial therapy remains at 40%–60%, and the relapse 
rate can reach up to 75% within five years, highlighting 
the ongoing challenge in achieving durable remission 
[1]. These has prompted research into prognostic and 
predictive factors of DLBCL.

Previous studies have  investigated a range of 
biomarkers associated with treatment outcomes, including 
clinical variables (such as age and International Prognostic 
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Index (IPI) score), molecular charactheristics such as 
cell-of-origin (COO), chromosomal rearrangements, and 
various protein expressions profiles [3]. Among these, the 
co-expression of BCL2 and C-MYC proteins, known as 
Double-Expressor Lymphoma (DEL), has been reported as 
a marker of poor prognosis and treatment resistance when 
assessed using immunohistochemistry [4]. Therefore, this 
study aimed to determine the proportion of DEL cases 
among DLBCL patients treated at Dr Sardjito Hospital, 
a tertiary referral center in Yogyakarta, Indonesia, 
and to evaluate the association between DEL status,  
clinicopathological features and overall survival (OS).

Materials and Methods

Patients and Data Collection
This study employed a retrospective design, utilizing 

data extracted from the clinical registry of lymphoma 
patients who were diagnosed and treated at Sardjito 
General Hospital in the Division of Hematology and 
Medical Oncology, Department of Internal Medicine, 
between January 2017 to December 2019. The data 
included sociodemographic characteristics, clinical 
profiles, and overall survival. Data extraction commenced 
after ethical clearance was obtained. The study protocol 
was reviewed and approved by the Ethical Committee 
of the Faculty of Medicine, Universitas Gadjah Mada 
(Approval Number: KE/1516/10/2023).

Immunohistochemistry Analysis
Immunohistochemical examinations for BCL2 and 

C-MYC were performed on DLBCL biopsy specimens 
in paraffin blocks from the laboratory of Anatomical 
Pathology of Dr Sardjito Hospital. Tissue samples from 
patients with DLBCL were obtained in compliance with 
the recommendations of the Declaration of Helsinki for 
Biomedical Research. Informed consent was obtained 
from subjects involved in the study. Pathological 
examination was performed under an OLYMPUS 
CX33 microscope using Sigma’s Optilab camera and 
Optilabviewer4 application. BCL2 protein expression 
indicated by brown granules in the cytoplasm, while 
C-MYC protein appeared as brown coloured granules in 
the cell nucleus. BCL2 and C-MYC expression values 
were presented as percentages determined from the ratio of 
total positive tumour cells in 100 tumour cells. A positive 
value for C-MYC is more than >40% and BCL2 is more 
than >50% [5, 6]. Two pathological anatomy experts 
performed Immunohistochemistry staining results for 
BCL2 and C-MYC examination. The interrater agreement 
by Cohen’s Kappa was 0.972.

Statistical Consideration
The data were presented in tables and figures. 

Comparisons between variables were analysed by t-test 
with statistical  significance set at p<0.05. Univariate 
analysis was used to evaluate the association of each 
factor with overall survival. Survival analysis utilized 
Kaplan-Meier method, and differences between survival 
curves were assessed with the log-rank test. To identify 

independent prognostic factors while adjusting for other 
variables, multivariate analysis was carried out using the 
Cox proportional hazards regression model.

Results

A total of 358 cases of non-Hodgkin’s lymphoma 
(NHL) were recorded between January 2017 to December 
2019, consisting of  173 (48.3%) cases of DLBCL and 
185 (51.7%) of non-DLBCL. Seventy-three (73) cases 
were excluded due to the following reasons: 46 cases 
had anatomical pathology preparations originating from 
outside Dr. Sardjito General Hospital, 17 cases had 
damaged paraffin blocks that could not be stained, and 
10 cases had missing preparations. Based on the available 
clinical data and the presence of optimal and traceable 
paraffin blocks, 100 DLBCL cases out of 173 meeting the 
inclusion criteria were selected as research subjects. These 
cases fulfilled the requirements for high-quality paraffin 
block preparations and successful immunohistochemical 
staining for BCL2 and C-MYC. Of these 100 DLBCL 
patients, only 72 received rituximab-based chemotherapy 
and were included in the final survival analysis. Figure 1 
illustrates the flowchart of the study population.

Based on the basic characteristics, the majority of 
patients were male (55.6%), while females were 44.4%. 
Patients aged ≥60 years accounted for 54.2%, whereas 
those aged <60 years accounted for 45.8%. Most DLBCL 
patients were classified as Ann Arbor stage III-IV (52.7%), 
while 47.3% were in the stage I-II. The majority had an 
ECOG performance status <2 (94.4%) and extranodal 
involvement of ≤2 sites (98.6%). Among the patients, 39 
(54.2%) were positive for BCL-2 expression, while 33 
(45.8%) were negative. C-MYC expression was positive 

Figure 1. Flowchart of the Study Population.
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analysis using the Kaplan-Meier method for DLBCL 
patients who received rituximab-based chemotherapy is 
presented in Figure 2 . The median 5-year survival was 64 
months (95% CI: 47.91–80.09 months), the mean survival 
was 53.79 months (95% CI: 46.37–62.21 months). Based 
on the curve, the 5-year survival rate was 51.4%, and the 
3-year survival rate was 67%.

The 5-year OS of DLBCL patients who received 
rituximab-based chemotherapy when stratified by 
age, as shown in Figure 3, showed that patients aged 
<60 years had not reached the median survival value, 
whereas patients aged ≥ 60 years had a median survival 
of 45 months (95% CI: 28.90–61.09 months). A log-rank 
test yielded a p-value of 0.022, indicating a significant 
difference in median survival between the two age groups. 
From the Cox proportional hazards model analysis, the 
hazard ratio (HR) for patients aged ≥ 60 years was 2.258 
(95% CI: 1.098–4.641) with a p-value of 0.027 (Table 3). 

As shown in Figure 4, patients with stage III–IV 
disease had significantly lower survival than those with 
stage I–II disease : 42 months (95% CI: 23.45–60.54 
months) vs. 81 months (95% CI: 62.81–99.17 months), 
with a log-rank p-value of 0.009, indicating a significant 
difference between the two groups. Cox proportional 
hazards yielded an HR of  2.396 (95% CI: 1.216-4.721) 
with a p-value of 0.012 (Table 3). 

Analysis by ECOG performance status (Figure 5) 
showed a stark contrast in outcomes that patients with an 
ECOG performance status ≥2 had a significantly lower 
median survival compared to those with an ECOG <2. The 
median survival for the ECOG ≥ 2 group was 1 month 
(95% CI: 0.00–8.84 months), while for the ECOG <2 
group, it was 71 months (95% CI: 53.55–88.66 months). 
The log-rank test showed a highly significant difference 
(p= 0.005) (Figure 5). Cox regression revealed an HR 
of 4.730 (95% CI: 1.419–15.789, p = 0.011), indicating 
ECOG ≥2 was strongly associated with poorer survival 
(Table 3). 

The survival analysis stratified by BCL2 and C-MYC 
co-expression, showed that the median survival for the 
BCL2 and C-MYC co-expression group was 26 months 
(95% CI: 0.00–52.96 months), compared to 71 months 
(95% CI: 55.05–86.94 months) for the non-co-expression 

in 14 patients (19.4%) and negative in 58 patients (80.6%). 
Co-expression of BCL-2 and C-MYC was identified 

in 9 patients (12.5%), whereas 63 patients (87.5%) had no 
co-expression. These findings are summarized in Table 1, 
with comparisons of  clinicopathological features between 
the two groups are further shown in Table 2.

Table 2 shows that age, stage, and extranodal 
involvement were not significantly associated with BCL2 
and C-MYC co-expression. Patients aged ≥60 years were 
more frequent in the co-expression group compared 
to the non-co-expression group (66.7% vs. 52.4%). 
Similarly, stage III-IV was slightly more common in 
the co-expression group (44.4% vs. 42.9%). The ECOG 
performance status approached significance (p = 0.074), 
with ECOG ≥2 being more common in the co-expression 
group compared to the non-co-expression group 
(22.2% vs. 3.2%).

The mean follow-up time was 44.22 months, with 
the median follow-up of 52.5 months. Overall survival 

Table 2. Clinicopathological Characteristics Based on BCL2/C-MYC Co-expression (n=72)

Variables (N=72) BCL2/CMYC co-expression Odds Ratio (CI 95%) p
No (63) Yes (9)

n % n %
Age <60 years old 30 47.6 3 33.3 1.818 (0.417-7.919) 0.331**

≥60 years old 33 52.4 6 66.7
Ann-Arbor Stadium Stage I-II 36 57.1 5 55.6 1.067 (0.261-4.353) 0.601**

Stage III-IV 27 42.9 4 44.4
ECOG a <2 61 96.8 7 77.8 8.714 (1.056-71.896) 0.074**

≥2 2 3.2 2 22.2
Extranodal involvement ≤2 62 98.4 9 100 0.873 (0.799-0.954) 0.874**

>2 1 1.6 0 0

Characteristics N (72) %
Age, median (range) 62 

(27-82)
<60 years old 33 45.83
≥60 years old 39 54.16

Gender male 40 55.56
female 32 44.45

Stage stage I-II 34 47.23
stage III-IV 38 52.73

ECOG a <2 68 94.45
≥2 4 5.56

Extranodal involvement ≤2 71 98.61
>2 1 1.38

BCL2 negative 33 45.83
positive 39 54.16

C-MYC negative 58 80.55
positive 14 19.44

BCL2/CMYC no 63 87.5
co-expression yes 9 12.5

Table 1. Characteristics of DLBCL patients 

Notes: *significant at p<0.05.a: Eastern Cooperative Oncology Group. Odds ratio.* chi-square test, **fischer exact
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group, although the difference was not statistically 
significant (log rank p=0.156) (Figure 6). Cox proportional 
hazards produced an HR of 1.865 (95% CI: 0.772–4.508, 
p= 0.166) (Table 3), indicating no independent association 
with OS. Age, stage, and ECOG were significant factors 
influencing survival, with stage and ECOG identified as 
independent factors affecting survival as shown in Table 3.

Discussion

The prevalence of co-expression of BCL2 and C-MYC 
in this study was 12.5%, which is comparable to the 
results of a study conducted in Malaysia in 2019, where 
the prevalence was 13.3% [7]. Other studies have reported 
higher co-expression rates ranging from 20% to 35% in 
DLBCL [4, 8, 9]. The variations in co-expression rates 
between Asian and East Asian populations compared to 
European populations is likely due to differences in the 
proportion of patients with C-MYC expression reported 
in each study.  Populations with a higher proportion of 
patients expressing C-MYC of >50% tend to have higher 
rates of BCL2 and C-MYC co-expression [10].

In this study, the proportion of BCL2 and C-MYC 
co-expression patients aged 60 years and older was 
higher than those aged under 60 years(66.7% vs. 
52.4%). This finding is consistent with previous studies 

showing that BCL2 and C-MYC co-expression is more 
common among older patients, with one study reporting 
a prevalence of 56.2% in older patients versus 30.3% in 
younger patients [7]. Furthermore, co-expression was 
associated with poorer performance status, with ECOG 
≥2 present in 22.2% of co-expression cases, compared 
to 3.2% in the non-co-expression group. This is in line 
with the results of studies that reported that patients 
with BCL2 and C-MYC co-expression generally had 
worse ECOG [11, 12]. The proportion of patients with 
BCL2 and C-MYC co-expression was higher in stages 
III–IV compared to the non-co-expression group. This 
aligns with previous studies reporting that co-expression 
of BCL2 and C-MYC is more prevalent in advanced 
Ann Arbor stages [10, 12]. In contrast, extranodal 
involvement was not significantly associated with BCL2 
and C-MYC co-expression in our study. All patients in 
the co-expression group had involvement of two or less 
extranodal sites. This finding differs from studies reporting 
that co-expression is linked to increased extranodal 
involvement [13]. This discrepancy may be attributed to 
the small number of patients with extranodal involvement 
in our cohort, which could be related to the variability in 
staging modalities (e.g., X-ray, ultrasound, and CT scan), 
and the absence of PET scans at the study site.

Patients with BCL2 and C-MYC co-expression in this 
study tended to have shorter median survival compared 

Table 3. Univariate and Multivariate Cox-regression Analysis of Variables Affecting Overall Survival of DLBCL 
Patients Receiving Rituximab-based Chemotherapy

Variables Bivariate Multivariate
HR 95% CI P HR 95% CI P

under above under above
Gender (male vs female) 0.955 0.487 1.872 0.892 -
Age (<60 vs ≥60) 2.258 1.098 4.641 0.027* 2.106 0.994 4.459 0.052
Stage ((1-II) vs (III-IV)) 2.396 1.216 4.721 0.012* 2.572 1.29 5.127 0.007
ECOG (<2  vs ≥2 ) 4.73 1.419 15.769 0.011* 4.36 1.241 15.314 0.022
Extranodal (≤ 2 vs >2) 6.631 0.849 51.811 0.071 -
BCL 2 (-vs+) 1.131 0.577 2.215 0.719 -
CMYC (-vs+) 1.587 0.718 3.507 0.254 -
BCL2/CMYC co-expression (no vs yes) 1.865 0.722 4.508 0.166 -

* Analysed with Cox proportional hazard model significant at p<0.05

Figure 2. Estimated 5-year Survival of DLBCL Patients 
Receiving Rituximab-based Chemotherapy 

Figure 3. Estimated 5-year Survival of DLBCL Patients 
Receiving Rituximab-based Chemotherapy Stratified by 
Age 
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to the non-co-expression group, although the difference 
was not statistically significant. This trend is consistent 
with reports from a meta-analysis, which showed a 
significant association between BCL2 and C-MYC 
co-expression and worse survival, with a pooled HR of 
2.58 (95% CI: 1.19–3.04) [4, 14-16]. In our study, patients 
with co-expression were also at higher risk of death, in 
line with reports that identify co-expression as a marker 
of poor prognosis in DLBCL [15, 16]. Furthermore, 
co-expression of BCL2 and C-MYC is associated with 

aggressive disease, a tendency to occur in older age 
groups, increased extranodal involvement, advanced 
stages, and poor response to standard therapy namely 
rituximab-based chemotherapy [14, 17]. Previous studies 
have demonstrated that rituximab improves survival in 
patients without co-expression, but offers limited benefit 
in those with BCL2 and C-MYC co-expression [4] [10]. 
A retrospective study comparing R-CHOP and R-EPOCH 
regimens found a significantly higher recurrence rate 
in patients treated with R-CHOP (80%) compared to 
R-EPOCH (18%) [18]. These findings suggest that 
R-CHOP may be inadequate for this subgroup, although 
evidence on optimal alternative regimens remains limited.

Several studies have reported that the co-expression 
of BCL2 and C-MYC is a negative predictor of survival 
[3, 17]. The mechanism responsible for this is that 
co-expression creates a synergistic effect, with C-MYC 
stimulating cell proliferation and BCL2 inhibiting 
apoptosis, leading to increasingly uncontrolled lymphoma 
cell proliferation [15]. 

From the multivariate analysis, stage and ECOG 
remained significant, indicating that these are independent 
predictive factors affecting survival time in this cohort 
receiving rituximab-based therapy, while BCL2 and 
C-MYC co-expression was not. Several factors may 
explain this finding, 1) The proportion of patients with 
BCL2 and C-MYC co-expression in this study was 
smaller compared to the global population (12.5% vs. 
20–30%), limiting statistical power to detect significance, 
2). The heterogeneity of DLBCL encompassing a wide 
spectrum of molecular and genetic subtypes, where 
co-expression of BCL2 and C-MYC represents only a 
subset of these variations, and other alterations (e.g., TP53 
mutations or other unmeasured biomarkers) may have a 
stronger impact on survival [17], 3) Other co-existing 
prognostic factors: patients with BCL2 and C-MYC co-
expression often also have  high IPI scores or other adverse 
clinical features, which may overshadow the prognostic 
impact of co-expression alone, making it appear non-
significant as independent predictive factor [19]. 

In conclusion, BCL2 and C-MYC co-expression 

Figure 4. Estimated 5-year Survival of DLBCL Patients 
Receiving Rituximab-based Therapy Stratified by Stage

Figure 5. Estimated 5-year Survival of DLBCL Patients 
Receiving Rituximab-based Chemotherapy Stratified by 
ECOG 

Figure 6. Estimated 5-year Survival of DLBCL Patients Receiving Rituximab-based Therapy Stratified by 
Co-expression of BCL-2 and C-MYC
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was associated with a tendency toward poorer survival 
outcomes. However, it did not emerge as an independent 
prognostic factor for 5-year survival in DLBCL patients 
receiving rituximab-based chemotherapy, highlighting 
the need for larger studies to further clarify its clinical 
significance.
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