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Background: Diffuse Large B-Cell Lymphoma (DLBCL) has been classified based on Cell of
Origin (COO) into Germinal Center B-cell (GCB) and Non-Germinal Center B-cell (Non-GCB).
The practical application of this concept by immunohistochemistry (IHC)-based subtyping
with Hans’ algorithm and its role as a prognostic factor has been widely investigated with
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conflicting results. Moreover, the recent deeper molecular characterizations of DLBCL have
been another challenges for this approach to remain as a prognostic factor.
Objective: To determine the prognostic value of COO by IHC-based subtyping with Hans’
algorithm for DLBCL.
Materials and Methods: This was a single-center retrospective analysis including DLBCL
cases diagnosed in 2014-2019 from Dr. Sardjito Hospital, Yogyakarta, Indonesia. Hans’
algorithm with CD10, BCL6, and MUM1 were used. The two subtypes were compared in
terms of clinicopathological features and 3 years overall survival.
Results: Seventy patients were included in this study. Non-GCB was predominant than GCB
74.3% vs 25.7%, with the ratio of 2.8:1. No statistical difference in the clinicopathological
features from both subtypes in terms of age, gender, Ann Arbor stadium, ECOG performance
status, extra-nodal involvement, and LDH level. Ann Arbor stadium and ECOG showed
significant prognostic value for patients outcome with multivariate analysis (OR 3.64; 95%CI
0.18-0.61; p=0.001) and (OR 2.68; 95%CI 0.11-0.77; p=0.009). Survival analysis based on
COO did not show significant difference between GCB and non-GCB subtypes (log rank=0.46).
Further analysis based on COO and the use of rituximab showed better OS in the two
subtypes than without rituximab although not significant (log rank=0.67).
Conclusion: The role of COO with Hans’ algorithm as prognostic factor in DLBCL is not
confirmed in this study. Some related factors may be the addition of rituximab and the recent
molecular characterization of DLBCL which covered a more subtle classification of the disease
beyond GCB and non-GCB subtypes. 

Introduction
Diffuse Large B-cell Lymphoma (DLBCL) is an aggressive lymphoma that accounts for about 40% of
Non-Hodgkin Lymphoma. Gene expression profiling (GEP) has set up molecular classification of this
entity into two different categories of cell of origin (COO): germinal center B-like (GCB) DLBCL
which showed genes characteristic of germinal center B cells and non- GCB or activated B-cell
(ABC) which expressed genes normally induced during in vitro activation of peripheral blood B
cells. This molecular classification has been the basis of prognostication in DLBCL for the last two
decades [1]. The sophisticated GEP study has been translated with immunohistochemistry (IHC)
application for diagnostics in clinical practice. One of the most popular algorithm to determine COO
in lymphoma is by Hans’ algorithm with concordance rate of 80% with GEP. Hans’ panel includes
CD10, BCl6 and MUM1, where GCB subtype is CD10 + or BCL6 + /CD10–/MUM1or IRF4– and non-
GCB is with CD10–/ MUM1 or IRF4 + (BCL6 positive or negative) [2].

The prognostic impact of COO to the disease outcome of DLBCL in clinical practice has been
controversial. Previous study reported that GCB subtype had better progression free survival (PFS)
and overall survival (OS) than non-GCB or ABC [3]. A significant relationship between GCB subtype
and lower international prognostic index (IPI) score was also reported [4]. However, other study
confirmed that the two subtypes of DLBCL did not show any relationship either with OS or IPI [5].

Despite the various conflicting reports, it is still very important to explore the potential of COO by
immunohistochemistry approach such as Hans’ algorithm as one prognostic factor in DLBCL,
particularly due to its practical and economical concerns, in various populations including
Indonesia.

Materials and Methods
This was a retrospective cohort study involving cases of DLBCL diagnosed from January 2014 to
December 2019 from Dr. Sardjito Hospital, Yogyakarta, Indonesia which is one referral cancer
center in the country. Tissue blocks were collected from the Department of Anatomical Pathology.
Clinicopathological and laboratory parameters were extracted from patient’s medical record,
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including age, Ann-Arbor stadium, extra nodal tumor involvement, Eastern Cooperative Oncology
Group (ECOG) performance status, lactate dehydrogenase (LDH) level, chemotherapy regiment,
and 3 years overall survival status. This study has been approved by the Ethical Committee of
Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada (No. KE/ FK/1371/2020).

  Immunohistochemistry Analysis  

For immunostaining, 4-μm thick sections were cut from formalin-fixed paraffin-embedded (FFPE)
tissue blocks and placed on electrostatic-charged, poly- L-lysine-coated slides (Biogear, Microscope
Slide, Biogear Scientific, BioVentures, Inc., Coralville, Iowa, USA). Sections were dehydrated at
45°C overnight. All immunostaining procedures including deparaffinization were performed on
Semi-automatic Intellipath FLX (Biocare Medical, Concord, Massachusetts, USA) with open kit. The
antigen retrieval process was performed on Deckloaking Chamber from Biocare Medical. The
counterstaining process with hematoxylin was performed under a semi-automatic slide stainer.
After that, the dehydration process was achieved, followed by clearing with xylene, and finally the
mounting process was finished to end the entire immunostaining process. The following antibodies
were used in this study: BCl-6 (BCL-6 oncoprotein 7ml ready to use PA0204, clone: LN22), CD10
(CD10 7ml bond ready to use PA0270, clone: 56C6) and MUM1 (dilution: 1/50, clone: MUM1p,
Dako SA, Glostrup, Denmark). Reactive lymph nodes tissue samples were used as positive controls.
Negative controls were treated with the same immunohistochemical method by omitting the
primary antibody. The cut-off level for interpreting BCl6, CD10 and MUM1 as positive was >30%
tumor cell staining from 500 cells [6]. There were two pathologists interpreting the staining result
with inter-observer agreement using Cohen’s Kappa >75% (substantial agreement). CD10 positivity
was shown by brown granules on the cell membranes, while Bcl-6 and MUM1 positivity was shown
by brown staining on the cell nucleus.

  Statistical analysis  

The proportions of nominal parameters were compared between groups using Chi-square or
Fisher’s exact text, as appropriate, while the median of numerical parameters was compared using
the Mann-whitney test. Using logistic regression, the odds ratio (OR) with 95 percent confidence
interval (95 percent CI) was obtained for each variable. To assess independent associations,
univariate logistic regression analysis was performed initially, followed by multivariate logistic
regression analysis.

The period from the day of initial diagnosis until death or the last follow-up was referred to as
overall survival (OS). The duration of the follow-up was set at three years. The Kaplan-Meier
survival analysis was used to assess the OS distributions in relation to clinical parameters and
immunohistochemistry subtypes, and the log-rank test was used to assess the differences between
survival curves. SPSS Statistics 17.0 software (SPSS Inc., Chicago, Illinois) and R studio Version
1.4.1717 were used to conduct the above statistical analyses (RStudio Team, Boston, MA, USA).
The differences were considered statistically significant if the p-value was less than 0.05.

Results
There were seventy (70) cases of DLBCL in this study. Median age of the patient was 59 years old,
57.1% with age <60 years. There was almost equal proportion between male and female (55.7% vs
44.3%). More cases presented with early stage of Ann-Arbor stadium I-II 71.4% than stage III-IV of
28.6%. Most cases had good ECOG performance status 0-2 (91.4%) and limited stage with IPI score
0-2 (90%). Only few patients had multiple extranodal site (10%). Many patients did not perform
LDH level examination in their initial visit, with only 15 patients among the available LDH group
(n=21) had increased level of LDH (71.4%). Thirty two (45.7%) patients received rituximab based
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regimen while 38 (54.3%) did not. Median follow up of the cohort was 28.5 months, with 48
patients (68.6%) were still alive and 22 patients (31.2%) deceased. There were more non-GCB than
GCB subtypes DLBCL in our series, 52 (74.3%) vs 18 (25.7%). Baseline characteristics of the
subjects are presented in Table 1, while distribution and frequency of the COO with survival status
are showed in Figure 1. 

Parameter n = (70)
Age Median [IQR] 59 [53-65] years
Gender Male 39 (55.7%)

Female 31 (44.3%)
International Prognostic Index
Age <60 40 (57.1%)

≥60 30 (42.9%)
Ann-Arbor Stadium I-II 50 (71.4%)

III-IV 20 (28.6%)
ECOG status 0-2 64 (91.4%)

>2 6 (8.6%)
LDH level Normal 6 (28.6%)

Increased 15 (71.4%)
Extranodal involvement Single 64 (91.4%)

Multiple 6 (8.6%)
Total IPI score 0-2 63 (90%)

>2 7 (10%)
Therapy With Rituximab 32 (45.7%)

No Rituximab 38 (54.3%)
B-cell Lymphoma-6 (BCL-6) Negative 53 (75.7%)

Positive 17 (24.3%)
Multiple Myeloma Oncogene-1 (MUM-1) Negative 20 (28.6%)

Positive 50 (71.4%)
CD 10 Negative 54 (77.1%)

Positive 16 (22.9%)
Origin of cells GCB 18 (25.7%)

Non-GCB 52 (74.3%)
Median follow-up 28.5 months
Patients status Alive 48 (68.6%)

Dead 22 (31.4%)
Table 1. Baseline Characteristics of DLBCL Samples.  

Figure 1. Distribution and Frequency of the Cell of Origin with Survival Status. The Sankey plot depicted all
DLBCL patients (n=70) for whom IHC staining was performed based on the Hans Algorithm, proceeding with
CD10, BCl6, and MUM1. The results of these three staining panels showed that DLBCL cells were either GCB
(blue color) or non-GCB (red color). The majority of the DLBCL patients were non-GCB subtypes and most were
CD10-/Bcl6-/ Mum1+. The survival of patient was then evaluated for three years to assess dead or alive status. 

Clinicopathological comparison between GCB and non-GCB DLBCL is presented in Table 2. There
was no statistical difference in terms of age, sex, extranodal involvement, ECOG performance
status, LDH level, nodal involvement and total IPI score between the two groups. Non-GCB group
consisted more cases with advanced stage indicated by Ann Arbor stage III-IV (p 0.057).

Parameter GCB (n=18) Non-GCB (n=52) p-value
N (%) N (%)
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Age (years) Mean (±SD) 55.56 (±12.41) 59.60 (±9.74) 0.163
Gender Male 12 (30.8) 27 (69.2) 0.278

Female 6 (19.4) 25 (80.6)
International
Prognostic Index
Age <60 8 (20) 32 (80) 0.207

≥60 10 (33.3) 20 (66.7)
ECOG status 0-2 17 (26.6) 47 (73.4) 0.596

>2 1 (16.7) 5 (83.3)
LDH Normal 1 (16.7) 5 (83.3) 0.861

Increased 12 (80) 3 (20)
Ann-Arbor Stadium I-II 16 (32) 34 (68) 0.057

III-IV 2 (10) 18 (90)
Extranodal involvement Single 17 (26.6) 47 (73.4) 0.596

Multiple 1 (16.7) 5 (83.35)
Total IPI 0-2 18 (28.6) 45 (71.4) 0.101 (Fisher Exact)

>2 0 (0%) 7 (100%)
Table 2. Clinicopathological Comparison Based on Cell of Origin GCB vs non-GCB among DLBCL Samples.    

Univariate analysis in Table 3 showed no significant impact of patient characteristics such as age,
sex, LDH, and nodal involvement to the patient outcome. Patient with more advanced stage of the
disease had an increased risk than with lower stage (OR 6; 95% CI 1.93 – 18.6; p=0.002).

Parameter Alive (n=48) Dead (n=22) p-value OR (CI 95%)
N (%) N (%)

Age <60 27 (67.5) 13 (32.5) 0.824 0.89 (0.32-2.47)
≥60 21 (70) 9 (30)

Gender Male 24 (61.5) 15 (38.5) 0.159 2.14 (0.74-6.18)
Female 24 (77.4) 7 (22.6)

Ann Arbor stadium I-II 40 (80) 10 (20) 0.002 6 (1.93 – 18.6)
III-IV 8 (40) 12 (60)

ECOG 0-2 46 (73) 17 (27) 0.03 6.76 (1.19- 38.21)
>2 2 (28.6) 5 (71.4)

LDH (n=21) Normal 3 (50) 3 (50) 0.677 0.66 (0.09 – 4.47)
Increase 9 (60) 6 (40)

Extranodal
Involvement

Single 45 (70.3) 19 (29.7) 0.317 2.36 (0.43 – 12.8)

Multiple 3 (50) 3 (50)
Cell of Origins GCB 14 (77.8) 4 (22.2) 0.333 1.85 (0.53 – 6.46)

Non-GCB 34 (65.4) 18 (34.6)
Therapy With Rituximab 25 (65.8) 13 (34.2) 0.585 0.75 (0.27-2.09)

No Rituximab 23 (71.9) 9 (28.1)
Table 3. Univariate Analysis of Clinical Factors, Therapy and COO to the Patient Outcome.  

A worse ECOG performance status also related with an increased risk of worse outcome (OR 6.76;
95% CI 1.19-38.21; p=0.03). Cell of origin (COO) and rituximab did not show significant impact to
the patient outcome.

Multivariate analysis in Table 4 consistently showed Ann Arbor stadium and ECOG performance
status as worse prognostic outcome for the patient (OR 3.64; 95% CI 0.18-0.61; p=0.001) and (OR
2.68; 95% CI 0.11-0.77; p=0.009).
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Parameter Univariate Analysis  Multivariate Analysis  
 OR (95% CI) p p-value OR (95% CI) p-value
Ann Arbor stadium 6 (1.93 – 18.6) 0.002 3.64 (0.18-0.61) 0.001
ECOG 6.76 (1.19- 38.21) 0.03 2.68 (0.11-0.77) 0.009
Table 4. Multivariate Analysis of Ann Arbor Stadium and ECOG Performance Status.  

Survival analysis based on COO in Figure 2 showed that DLCBL with GCB subtype had median OS
of 28.7 months (95% CI 22.51 – 35.04), while in non-GCB the median OS was 27 months (95% CI
23.1 – 30.9). The difference was not significant (log rank=0.46). Based on this insignificant result of
COO in affecting the OS of DLBCL patients, we further analyzed the effect of treatment based on
the use of rituximab in the treatment regimen.

Figure 2. Survival Analysis of DLBCL Patients between Germinal Center and non-Germinal Center Subtypes. 

Analysis of survival based on the COO and the use of rituximab in Figure 3 showed that DLBCL
patients with GCB subtype treated with rituximab showed median OS 29.6 months (95% CI
18.38-40.82), compared without rituximab showing median OS 28.4 months (95% CI 20.94-35.98).
Meanwhile, DLBCL with non-GCB subtype treated with rituximab showed median OS 28.8 months
(95% CI 23.85 – 33.84), compared without rituximab 24.9 months (95% CI 19.02 – 30.92). Overall,
patients with GCB and non-GCB subtype who got rituximab showed better OS than without
rituximab median OS 29.6 months (95% CI 18.38-40.82) vs median OS 28.8 months (95% CI 23.85 –
33.84), although the difference was not significant (log rank=0.67).

Figure 3. Survival Analysis Based on Combination of Cell of Origin (COO) and Treatment.   

Discussion
The mean of age of DLBCL in this cohort was 59 years, which is in coherent with previous reports
in eastern countries (60 years) and in western countries (67 years) [7, 8]. There were more male
than female in this study with ratio of 1,2:1. This is accordance with previous studies in western,
eastern countries and Indonesia [7, 9-11]. Environmental factors such as occupational risks with
higher exposure to carcinogens such as pesticides and other chemicals, smoking and alcohol
consumption may be related with male predominance [12]. Estrogen was also reported to have
protective effect for lymphoma. Exposure of any chemicals that were related with estrogen
metabolism increased the risk of occurrence of mature B cell lymphoma in male but not in female
[13].

DLBCL subtype of non-GCB (n=52;74.3%) was predominant than GCB (n=18; 25.7%) with ratio of
2.8:1 in this cohort, which is in accordance with other studies in Southeast Asia which reported
60% of non-GCB in Malaysia and Singapore, and 63.8% in Thailand. In the Asian region, such as in
Japan and Taiwan the non-GCB subtype was 71% and 78.2%, subsequently. Other study showed
that 31% of DLBCL patients (102/330) had the GCB subtype, similar results were also found in
Asian countries such as Korea, China, and Japan [14-18]. Some possible factors contributing to the
difference in the proportions between GCB and non-GCB in Asian and Western countries is the
lower rate of translocation (14;18) in Asian DLBCL which is in accordance with the low proportion
of GCB molecular subtypes [14, 15, 19]. Second, environmental factors such as the interaction with
the Epstein - Barr virus (EBV) which is dominant in the Asian region can influence the pattern of
COO in DLBCL [15]. It is well known that NF-kB activation is the main underlying mechanism in
activated B-cell (ABC) DLBCL, which is part of the non-GCB DLBCL subtype, and EBV has been
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known to be capable of activating canonical NF-kB in tumor cells [20].

This study showed that 66.7% patients above 60 years were non-GCB subtype. A previous study
found the similar result where older age >50 years were more prevalent in non-GCB subtype [10].
This may be related with pathological character and natural aging process of B-cells [10, 21].

Extranodal involvement in this cohort occurred more in non-GCB subtype. This is in accordance
with a previous study showing higher percentage of extranodal involvement in non-GCB subtype
[22]. One study reported that patient with nodal DLBCL had better survival than extranodal DLBCL,
although there were no significant relationship between molecular subtype, age and gender with
nodal location [23].

Ann-Arbor stadium and ECOG performance status were significant as prognostic factors for
patient’s outcome in this study. Such findings are generally acceptable considering the relevance
between disease burden and clinical status of the patient [24].

This study did not confirm the role of COO as prognostic factor to the patient outcome among
DLBCL patients. The controversy over the significance of the prognostic value of the DLBCL
molecular subtype may be related with several explanations. These include standardization of
methods and evaluation of immunohistochemical examinations, as well as the heterogeneity of
clinical characteristics of patients in various studies. Germinal Center B cell Expressed Transcript 1
(GCET 1) and metastasis associated gene 3 (MTA 3) had been proposed as complementary markers
for the algorithm panel to differ GCB from non-GCB [25, 26].

There was a tendency to improved survival in GCB and non-GCB subtypes receiving chemotherapy
with Rituximab, although the difference was not statistically significant (p=0.67). A study
suggested that in the CHOP therapy group, the molecular subtype of GCB had a significantly better
prognosis than non-GCB. However, in the R-CHOP therapy group, there was no significant
difference. This study showed that the addition of rituximab has altered the prognostic role of COO
[3]. The mechanism of action of antibody therapy on non-GCB molecular subtype DLBCL is thought
to be related to the NFκB pathway through increased RKIP expression which reduces NFκB
pathway activity and weakens DNA binding thereby increasing chemotherapy sensitivity [27, 28].
Previous studies found the average two years survival rate of DLBCL patients with addition of
rituximab was 85.6% and 64% with CHOP only [29]. R-CHOP improved survival in the non-GCB
subtype (61.3% versus 40.9%; P = 0.0303), but not in the GCB subtype (76.5% versus 61.3%; P =
0.141). These data also suggested that rituximab diminished the prognostic value of COO [30]. 

Recent advances in next generation sequencing (NGS) provide a broad and comprehensive diversity
of cancer genes involved in the pathogenesis of DLBCL. Whole exome sequencing (WES) of more
than two hundred DLBCLs has completely redefined the genetic landscape by identifying single
nucleotide variants and providing new therapeutic opportunities for GCB, non-GCB, or primary
mediastinal B-cell lymphoma (PMBL) subtypes. This study revealed that Double Hit Lymphoma
(DHL) / Triple Hit Lymphoma (THL), an aggressive subtype of B cell lymphoma, have identified
multiple mutations in genes involved in apoptosis/cell cycle and epigenetic regulatory pathways.
The lymphopanel consisting of 43 genes identified distinct mutational signatures of DHL THL with
higher mutation rates of CREBBP, BCL2, KMT2D, MYC, EZH2 and FOXO1 in the GCB DLBCL
subtype [31]. The ReMODal study described a new molecular classification of DLBCL by GEP which
stated that Molecular High Grade B-Cell Lymphoma (MHG) group is a group that has different
characteristics from the GCB subtype. With this classification, MHG is a new subtype of DLBCL,
which is part of the molecular subtype of GCB but with a more aggressive behavior and resembles
the non-GCB and Burkitt Lymphoma (BL) subtypes [11]. Furthermore, a molecular study exploring
the immunoglobulin gene classified the molecular subtype of DLBCL based on the expression of 36
somatic hypermutation (SHM) target genes into four subtypes namely SHM 1, SHM 2, SHM 3 and
SHM 4 subtypes. GCB subtypes dominate SHM 1 and SHM 3 subtypes, while non-GCB are mostly
SHM 2 and a small proportion in the SHM subtype 4. Overall survival between the four subtype
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groups differed, where SHM subtype 1 is the majority of GCB subtypes with a poor prognosis after
receiving R-CHOP chemotherapy. In contrast, SHM 3 subtype has a better prognosis after R-CHOP
chemotherapy. The non-GCB subtypes consisting of SHM 2 and SHM 4 had poor survival among all
SHM subtypes [32]. Based on these three latest molecular classifications of DLBCL, practical
application of immunohistochemisty to determine the cell of origin (COO) required to be improved
with wider panel of staining to enable more detail molecular classification of DLBCL that is
beneficial for diagnostic and clinical practice.

In conclusion, the role of COO with Hans’ algorithm as prognostic factor in DLBCL is not confirmed
in this study. Several possible explanations include the addition of rituximab and the recent
molecular characterization of DLBCL which covered a more subtle classification of the disease
beyond GCB and non-GCB subtypes.
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