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Background: Treatment response in diffuse large B-cell lymphoma (DLBCL) is heterogenous. The Hans algorithm (using 30% cut-
offs for CD10, BCL6, and MUM1 protein expression) has been the most favored method to categorize DLBCL into germinal center
B-cell (GCB) and non-GCB subtypes in order to predict prognosis. However, the algorithm’s ability to prognosticate is not always
consistent.
Methods: This retrospective cohort study was conducted on DLBCL patients receiving R-CHOP therapy at Dr. Cipto Mangunkusumo
Hospital, Jakarta from 2014 to 2017. We aimed to compare the prognostic value of Hans algorithm as well as the protein levels of
CD10, BCL6, MUM1, and Ki67 at different cut-offs. Ninety-two patients were classified based on Hans algorithm and various
proteins at different cut-off values were analyzed with regard to event-free survival at 24 months using survival analysis. The cut-off
values were then compared using receiver operating characteristic curves.
Results: A significant survival difference was observed with MUM1 expression cut-off of 50% or more (log rank p = 0.035). CD10,
BCL6, Ki67, and Hans algorithm showed AUCs below or near 0.5 (0.405, 0.436, 0.498, and 0.413, respectively), whereas MUM1
showed an AUC of 0.835, in predicting events within 24 months. MUM-1 cut-off of 70.5% yielded an optimal trade-off for sensitivity
and specificity.
Conclusion:MUM1 expression of 50% or more can help predict prognosis in DLBCL patients receiving R-CHOP therapy and can be
considered as for use as a single marker to predict prognosis.
Keywords: DLBCL, RCHOP, MUM1, Hans algorithm, prognosis
MeSH Terms: lymphoma, large B-cell, dIffuse, MUM1 nucleosome-binding protein, human, antineoplastic combined chemotherapy
protocols/adverse effects, rituximab/therapeutic use, retrospective studies, prognosis

Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoid malignancy in adults. DLBCL accounts for
30–40% of all non-Hodgkin lymphomas in Western countries, and even reaches 40–60% in some Far East countries.1–5

DLBCL is a heterogenous disease, consisting of different biological and clinical properties, as well as responses to
treatment.4 For these reasons, many predictive models have been proposed to stratify the prognosis of DLBCL.

The International Prognostic Index (IPI) score has been widely used as a clinical tool to predict outcome in DLBCL
patients receiving standard CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) chemotherapy.
However, its performance has declined in the Rituximab era.6 On the other hand, gene expression profiling (GEP)
using cDNA microarray analysis has succeeded in identifying two distinct subtypes of DLBCL that differ in prognosis,
albeit in the addition of Rituximab. According to GEP, the two subtypes are distinguished by different genes involved in
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a discrete stage of B-cell development, and known as germinal center B-cell (GCB) and non-GCB, the former of which
consistently has better prognosis.7–9

Despite the excellent prognostic performance by GEP, it is not routinely applied because of its high cost and lack of
availability. Several immunohistochemical (IHC) algorithms have been validated to differentiate between GCB and non-
GCB subtypes based on different combinations of marker proteins.10 Using CD10 and BCL6 as GCB markers and
MUM1 for a non-GCB marker, Hans classification has been the most favored algorithm to predict prognosis in DLBCL
patients.11 However, a systematic review in 2017 found that Hans algorithm was unable to differentiate outcomes
between those two subtypes.12 A prognostic study by Oh et al, nevertheless, found that various marker protein cut-off
levels, instead of a uniform 30% cut-off, generated different prognoses.13 Each marker protein has its own role in
DLBCL pathogenesis and might yield specific clinical information.13–19

Another renowned protein, Ki67, has been firmly established as a prognostic factor in cancer patients.20,21 In DLBCL,
the most significant differences in overall survival occurred in cut-offs of 70% or more, however, predicting prognosis is
still inconclusive.22–25

Here we analyzed the prognostic role of Hans algorithm, as well as marker protein levels of CD10, BCL6, MUM1,
and Ki67 in DLBCL patients who were treated with R-CHOP.

Methods
This retrospective cohort study was conducted at Dr. Cipto Mangunkusumo Hospital, a tertiary national referral
hospital in Jakarta, Indonesia. Ethical approval was obtained from The Ethics Committee of the Faculty of
Medicine, University of Indonesia (approval No. KET-493/UN2.F1/ETIK/PPM.00.02/2020). Patients’ consent was
not needed by our institutional ethics committee due to secondary analysis of existing data and no risk to subjects,
all the data was anonymized and maintained with confidentiality and patients were treated in compliance with the
Declaration of Helsinki. All diagnoses and levels of protein expression were confirmed by two hemato-pathologists
(ASH and MFH).

Table 1 Clinical and Molecular Characteristics of DLBCL Patients

Variables No. of Patients (%)

Gender (n=92)

Male 44 (48)

Female 48 (52)
Age (n=92; median 51.5 years, range 18–79 years)

≤60 years 76 (82)

>60 years 16 (18)
IPI (n=67)

Low (score 0–2) 57 (85)

High (score 3–5) 10 (15)
Protein expression (n=92)

CD10 (30% cut-off) 45 (49)

BCL6 (30% cut-off) 59 (64)
MUM1 (30% cut-off) 85 (92)

Ki67 (70% cut-off) 66 (71)

Subtype based on Hans algorithm (n=92)
GCB 46 (50)

Non-GCB 46 (50)

Event within 24 months (n=92)
Yes 44 (48)

No 40 (43)

No information 8 (9)
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Of the 109 adult DLBCL patients diagnosed between 2014 and 2107 and who received R-CHOP chemotherapy, 17
patients were excluded because of other conditions such as HIV-associated lymphoma, primary CNS (central nervous
system) lymphoma, history of indolent lymphoma, or primary mediastinal large B-cell lymphoma.

Paraffin block of tissue was sliced by 3 μm thickness, and was deparaffinized using xylol three times, each for 5
minutes, and then rehydrated using decreased alcohol concentration (ethanol, 96% alcohol and then 70% alcohol). A
pre-treatment with antigen retrieval procedure was then done before further incubated using primary antibody of
CD10, BCL6, MUM1, Ki67 (Leica Biosystems Newcastle Ltd, UK) for 60 minutes. Diamino Benzidine
Tetrahydrochloride (DAB) was used for incubation, and then counterstained was done using Hematoxylin Mayer.
Bluing was done using lithium carbonate before dehydrated using increasing alcohol concentration (70% alcohol,
96% alcohol, ethanol).

Immunohistochemical stained slides of the ninety-two patients were assessed for percentage of CD10, BCL6, MUM1,
and Ki67 protein expression using ImageJ® software. The intensity of staining was not assessed because paraffin block
processing might affect variability, as mentioned by Hans et al11 and de Jong et al.26 Event-free survival at 24 months
(EFS 24) was calculated from the date of initial R-CHOP therapy to the date of the event or last follow-up visit. Disease
progression, relapse, second-line treatment, any unplanned treatment, or death by any cause within 24 months were
considered to be events, and were verified through medical records or death certificates. Patients with incomplete medical
record data were contacted by telephone or home visits.

Kaplan–Meier survival analyses of EFS at 24 months and proteins at 10% incremental cut-offs, Hans classification, as
well as age, gender, and IPI category were carried out with SPSS software ver 23. The survival curves between
subgroups were compared using log rank test. Cox Regression was used to evaluate the association of GCB classification,
CD10, BCL6, MUM1, and Ki67 expression with event 24 months. The performance of Hans algorithm and each protein
level, age, gender and IPI category were then analyzed by receiver operating characteristic (ROC) curves.

Figure 1 Kaplan-Meier survival curve of GCB (1) vs non-GCB (0) subtypes (log rank p = 0.08).
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Results
Patient Characteristics
The characteristics of the 92 DLBCL patients treated with R-CHOP are listed in Table 1. Only 67 patients had complete
IPI scores. During the average follow-up of 655 days and 60,240 person-days observation, 44 events (48%) occurred in
the 92 patients who were treated with R-CHOP.

Analysis of Hans Algorithm and EFS24
Of the 92 cases, positive CD10, BCL6, MUM1 expression was seen in 45 (49%) cases, 59 (64%) cases, and 85 (92%)
cases, respectively. Using Hans algorithm, 46 (50%) cases were categorized with the GCB subtype. Kaplan–Meier
survival analysis showed nearly significant difference in EFS24 between the GCB and non-GCB subtypes (60.86% vs
43.48%, respectively; log rank p = 0.08) (Figure 1).
Using Kaplan–Meier survival analysis on 92 patients, EFS24 and 10% cut-off increments of each protein (CD10,
BCL6, MUM1, Ki67) were analyzed. No significant differences in EFS24 between subgroups were revealed for
CD10, BCL6, and Ki67 expression at the various cut-offs (10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, and

C B A 

D E F 

HG I 

Figure 2 Kaplan-Meier survival curves of CD10 at 10% cut-off increments (A) 10% cut-off (log rank p = 0.274) (B) 20% cut-off (log rank p = 0.270) (C) 30% cut-off (log rank
p = 0.127) (D) 40% cut-off (log rank p = 0.370) (E) 50% cut-off (log rank p = 0.546) (F) 60% cut-off (log rank p = 0.383) (G) 70% cut-off (log rank p = 0.273) (H) 80% cut-off
(log rank p = 0.253) (I) 90% cut-off (log rank p = 0.370).
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90%) (Figures 2–4). However, MUM1 had significant differences in EFS24 between subgroups starting at a 50%
cut-off. The higher the cut-off percentage, the more significant the difference (Figure 5).

Analysis of Age, Gender and IPI Score
A secondary analysis for Age, Gender, and IPI score was done using Kaplan–Meier survival analysis. There were
differences in EFS 24 between Age above or 60 years and under of age (n = 92; p = 0.014), and IPI score high (>3) or
low (n = 67; p = 0.04). There was no difference in EFS24 between gender (n = 92; p = 0.351) (Figure 6).

Diagnostic Performance of the Various Proteins and Hans Algorithm
Using 67 patients with complete set of data, we analyzed each protein expression, IPI category, Age, Gender, and Hans
classification to predict events in 24 months using ROC curves. CD10, BCL6, Ki67, and Hans algorithm had AUCs
below or near 0.5 (0.425, 0.43, 0.523, and 0.431 respectively), whereas MUM1 had an AUC of 0.802. The optimal
MUM1 cut-off was 71%. At cut-off <70%, 3 out 24 patients experienced events and at cut-off ≥70%, 26 out of 43
patients experienced events. At cut-off 70%, MUM1 had 86.2% sensitivity and 60.5% specificity for predicting the

Figure 3 Kaplan-Meier survival curves of BCL6 at 10% cut-off increments (A) 10% cut-off (log rank p = 0.445) (B) 20% cut-off (log rank p = 0.195) (C) 30% cut-off (log rank
p = 0.112) (D) 40% cut-off (log rank p = 0.209) (E) 50% cut-off (log rank p = 0.322) (F) 60% cut-off (log rank p = 0.333) (G) 70% cut-off (log rank p = 0.503) (H) 80% cut-off
(log rank p = 0.916) (I) 90% cut-off (log rank p = 0.424).
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occurrence of events. Age (AUC = 0.616), Gender (AUC = 0.55), and IPI score high vs low (AUC = 0.577) were all
lower than MUM1 diagnostic performance (Figure 7).

Cox Regression of Various Proteins and Hans Algorithm
Using Cox regression analysis, we found only MUM1 was significantly associate with event, the HR for each increment
of 1% MUM1 was 1.046 (1.024–1.068; p = 0.000). Using cut-off of 70%, the HR WAS 5.81 (2.27–14.85; p = 0.000)
(Table 2).

Discussion
The use of the Hans algorithm to predict prognostic outcomes in DLBCL patients has had variable results. We
observed that the percentage of MUM1 expression was a simpler test and showed promise as a prognostic factor,
especially for use in developing countries where a single, immunohistochemical stain might be more cost-effective
than multiple ones.

Figure 4 Kaplan-Meier survival curves of Ki67 at 10% cut-off increments (A) 10% cut-off (B) 20% cut-off (log rank p = 0.392) (C) 30% cut-off (log rank p = 0.392) (D) 40%
cut-off (log rank p = 0.871) (E) 50% cut-off (log rank p = 0.582) (F) 60% cut-off (log rank p = 0.177) (G) 70% cut-off (log rank p = 0.793) (H) 80% cut-off (log rank p = 0.741)
(I) 90% cut-off (log rank p = 0.976).
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Our subjects’ median age was similar to patients from India,27,28 but much younger compared to patients from Japan,
Korea, China, or Western countries.29 The difference might partly be explained by divergent genetic polymorphism,
environmental exposure,30,31 and earlier age of Epstein-Barr viral infection in developing countries.1

Figure 5 Kaplan-Meier survival curves of MUM1 at 10% cut-off increments (A) 10% cut-off (log rank p = 0.216) (B) 20% cut-off (log rank p = 0.618) (C) 30% cut-off (log
rank p = 0.396) (D) 40% cut-off (log rank p = 0.251) (E) 50% cut-off (log rank p = 0.035) (F) 60% cut-off (log rank p = 0.003) (G) 70% cut-off (log rank p = 0.000) (H) 80%
cut-off (log rank p = 0.000) (I) 90% cut-off (log rank p = 0.000).

Figure 6 Kaplan-Meier survival curves of IPI (high vs low) (n = 67; log rank p = 0.04), age (old = > 60 years) (n = 92; log rank p = 0.014), and gender (n = 92; log rank p =
0.351).
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The use of a 30% cut-off for DLBCL protein marker expression was typical in previous studies from other countries,
since Hans et al first used this cut-off in 2004.11 This cut-off resulted in a wide proportion of cases with >30% protein
expression. In previous studies, the proportions of subjects with >30% protein expression ranged from 9.5% to 45.9% for
CD10, 28.7% to 66.9% for BCL6, and 32% to 74.4% for MUM1.11,13,28,32–34 In our study, >30% CD10, BCL6, and
MUM1 expression were noted in 49%, 64%, and 92% of subjects, respectively (Table 1).

Figure 7 ROC curve from 67 patients; IPI high vs low (AUC = 0.581), age (AUC = 0.631), gender (AUC = 0.557), CD10 (AUC = 0.425), BCL 6 (AUC = 0.43), MUM1 (AUC
= 0.802), Ki67 (AUC = 0.523), GCB subtype (AUC =0.431).

Table 2 Prognostic Value of Several Variables for Event Within 24 Months

Variables Hazard Ratio (95% Confidence
Interval)

p

Model 1

GCB (Hans) 0.764 (0.165–3.541) 0.731
CD10 (increment 1%) 1.000 (0.980–1.021) 0.971

BCL6 (increment 1%) 0.995 (0.986–1.004) 0.308

MUM1 (increment 1%) 1.046 (1.024–1.068) 0.000
Ki67 (increment 1%) 0.987 (0.968–1.006) 0.987

Model 2

GCB (Hans) 0.001 (0.00–2.1 X 10^59) 0.923
CD10 (cut off ≥ 30%) 752.5 (0.00–2.7 X 10^65) 0.928

BCL6 (cut off ≥ 30%) 0.673 (0.370–1.227) 0.196

MUM1 (cut off ≥ 70%) 5.81 (2.27–14.85) 0.000
Ki67 (cut off ≥ 30%) 1138.4 (0.00–1.8 X 10^65) 0.923
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Using Hans algorithm, 50% of our cases were GCB subtype, similar to GCB proportions in other Asia or Western
countries.28,29,32 There was nearly significant difference in EFS24 between the Hans algorithm-based GCB and non-GCB
groups (log rank p = 0.08), despite the fact that the GCB subtype tends to have superior outcomes. Even in their original
study, immunohistochemistry-based Hans algorithm missed-classified 30 out of 142 patients when compared to cDNA/
gene expression profiles.11 The algorithm directly put CD10+ into GCB classification, without looking into BCL6 and
MUM1. Our result was also in agreement with a systematic review of previous studies.12 However, our small sample size
might influence the finding, with more sample we might have more significant difference, or we might find the tendency
shift more towards no significance.

CD10, BCL6, and Ki67 expression lacked prognostic value at any cut-off points. Our findings confirmed the results
of previously published studies.35–39 CD10 has a complex extracellular and intracellular activity that leads to conflicting
prognostic value, and its role in DLBCL needs further studies.40 BCL6 and Ki67 protein expression might have lost their
prognostic value in the Rituximab era.38,39 BCL6 gene rearrangement instead of BCL6 protein expression was found to
be associated with prognosis.41

However, MUM1 at cut-offs of 50% or more was a prognostic factor of events within 24 months, as found in previous
studies.18,42 A MUM1 cut-off of 50% or more had stronger prognostic value than that of Hans algorithm and other
proteins. Using ROC curve, MUM1 had the highest AUC value and could be categorized to have excellent performance
(AUC > 0.8) compared to expressions of other proteins and Hans classification. At a 70% cut-off, in our 92 patients,
positive and negative predictive values of MUM1 were 65% and 84.3%, respectively. An increment of 1% in MUM1
expression was found to increase 4.6% hazard for event and MUM1 ≥70% increase 5.8 times hazard for event within 24
months. The importance of MUM1 expression was also shown in a study from China, in which double positive
expression cases (CD10 and MUM1) that were categorized as GCB subtype, intriguingly showed inferior prognosis,
whereas non-GCB cases with triple negative expression (CD10, BCL6, MUM1), in fact, tended to show superior
prognosis.33,43 Furthermore, MUM1 showed excellent capability in predicting events in 24 months.

Our data showed that old age (>60 years) and IPI score (high vs low) did give different survival curve, however their
diagnostic performance is not as good as MUM1 when we use ROC for EFS 24 months. High IPI had low sensitivity
(24.1%) and high specificity (91.2%) in predicting EFS24, which translates to better negative predictive value. A low IPI
was more likely to have no event, however high IPI does not necessarily predict an event. Similarly, Age >60 years had
low sensitivity (31%) and high specificity (97,1%). Further analysis showed no correlation of MUM1 positivity with Age
and IPI, which encourage MUM1 role in predicting event outside the scope of age and IPI.

Our study limitations were the low number of patients available with complete data, no FISH-analyses were used, and
no EBV-status of the tumors, which have been widely known to affect prognosis.

Conclusion
MUM1 with cut-off of 50% or more was able to predict the occurrence of death or treatment failure in 24 months for
DLBCL patients who underwent R-CHOP regimen. A MUM1 70.5% cut-off had the optimal trade-off for sensitivity and
specificity. Hence, MUM1 might be considered for use as a single marker, as it outperformed Hans algorithm for
predicting prognosis within 24 months.
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