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Abstract

According to immunohistochemistry, we can divide diffuse large B-cell lymphomas
(DLBCL) into 2 major groups - germinal center B-cell-like (GCB) and non-germinal center B-
cell-like (non-GCB) lymphoma and 2 minor groups - double positive (DP) and triple negative
subgroup (TN). The aim of this study was to analyze clinical characteristics, treatment
response and mortality between different groups of diffuse large B-cell lymphoma according to
Han’s algorithm.

We analyzed the medical records of patients who were diagnosed as de novo diffuse
large B-cell lymphoma in a cohort during a 12-year period. All patients were treated with
RCHOP therapy. Medical records were reviewed for clinical information including age, sex,
lactate dehydrogenase (LDH) levels, clinical stages, performance status (PS), extra nodal site
involvement  (ESI), International Prognostic Index (IPI) and B  symptoms.
Immunohistochemistry (IHC) was performed on formalin-fixed, paraffin-embedded 4-pm
tissue sections. The antibodies used were CD20, CD10, BCL6, and MUML.

The results showed that patients in the germinal center B-cell-like group had better
clinical characteristics, treatment response and mortality than the non-germinal center B-cell-
like group. Triple negative and double positive subgroups showed different clinical
characteristics compared to the same group of origin.

These factors would provide valuable insights in predicting aggressiveness,
redirecting treatment selections, and therefore, benefit in the survival of patients with
DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoid malignancy,
accounting for approximately 25% of all non-Hodgkin's lymphomasi?l. The annual
incidence of DLBCL is approximately 7 cases per 100,000 persons in the United States!?!
and 4.92 cases per 100,000 persons per year in Europel®l. Like most other NHLs, there is a
male predominance and the incidence increases with agel?l. The median age at presentation is
about 64 years old, but it appears that younger Blacks are more often affected than
Caucasians(.,

Patients with DLBCL typically present with a rapidly enlarging symptomatic mass,
most commonly cervical or abdominal lymphadenopathy. Approximately 30% of patients
had systemic "B" symptoms (fever, weight loss, night sweats), and more than half had elevated
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serum LDHP®1. Extra-nodal disease occurs in up to 40% of cases!’l. The most common site
of extranodal involvement is the gastrointestinal tract, but the disease can occur in any
tissue. Almost 60% of patients will present with advanced Ann Arbor stage (usually stage 111
or IV disease), while 40% may have more localized diffuse large B-cell lymphoma. The bone
marrow in DLBCL is involved in up to 30% of cases®3l.

The International Prognostic Index (IPI) scoring system was first published in 1993
and is still widely used today™. The IPI score assigns 1 point to each negative prognostic factor
(age >60 years, serum lactate dehydrogenase (LDH) above the upper limit of normal, Ann
Arbor stage III/IV disease, performance status >2, and >1 site with extra nodal involvement).

The Eastern Cooperative Oncology Group (ECOG) Scale of Performance status is an
important tool used by hematologists to assess patient eligibility for systemic cancer
therapy and to predict prognosis in malignancy.

The currently used standard response criteria for lymphoma are the Lugano criteria,
which are based on two-dimensional tumor measurements on positron emission tomography
(PET) or computed tomography (CT), for non-FDG avid lymphomas, or when PET imaging
is not availablet*®!,

The most recent gold standard assay for subtyping DLBCL is gene expression
profiling (GEP), used to identify the cell of origin and disease subtype. According to the gene
expression profile, DLBCL can be divided into germinal center B-cell-like (GCB), activated
B-cell-like (ABC) and not otherwise specified type 3[*6-28. However, this approach has some
significant clinical and practical limitations, as it is more expensive in clinical routine, does
not classify all DLBCL patients, and is the subject of ongoing research.

Currently, due to the low cost, immunohistochemical (IHC) analysis of lymphoma
biopsy specimens appears to be a more widely applicable method for differentiating DLBCL
subtypes in clinical practice. For this reason, immunohistochemistry (IHC) algorithms have
been proposed to predict GEP subtypes. Among the published IHC algorithms, the Hans
algorithm is most frequently used in routine practice™. Hans algorithm consists of three
antibodies: CD10 (germinal center marker), Bcl6 associated with germinal center and non-
germinal center, and MUM1 as a post-germinal center marker?’, Based on the combination
of these three markers, Hans algorithm divides DLBCL into two categories, GCB (B-cell-like
germinal center) and non-GCB (B-cell-like non-germinal center).

Although MUML1 is used as a post-germinal center marker, cases with co-expression
of CD10 and MUM1 (CD10+MUM1+, double positive or DP), which are classified in the
germinal center B-cell group, according to Hans algorithm, do exist.

DLBCL without positive staining for these three markers (CD10-Bcl6-MUM1-, triple
negative, or TN) were also detected. These cases were classified into the non-GCB group
based on the Hans algorithm. Little is known about differences in clinical characteristics,
treatment response, and mortality between GCB and non-GCB groups.

Material and methods

All experimental protocols were approved by the Ethics Committee of the University
Clinic of Kosovo and all patients provided informed consent in accordance with all needed
requirements. Statistical analyses were performed with SPSS software, version 26. Differences in
clinical characteristics between groups and antibodies were performed with Chi-squared and
Fisher exact test. P value less than 0.05 was considered statistically significant. This was a
longitudinal retrospective cohort study.

Based on the data collected, the total number of patients diagnosed with de novo
diffuse large B-cell lymphoma at the Hematology Department of the University Clinical
Center of Kosovo was 270. Cases of special variants, such as primary central nervous system
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lymphoma, primary mediastinal B-cell lymphoma and HIV-positive DLBCL were excluded
from the cohort.

Finally, a total of 224 cases were included in this study and analyzed during a period
of 12 years, from September 2009 to November 2021. The median follow-up time was 63
months (5 to 146 months).

All patients were treated with RCHOP as first line therapy. Relapsed cases were
treated with second or salvage line chemotherapy, like EPOCH, DHAP and R/ICE.

Medical records for clinical information, including age, sex, serum lactate dehydrogenase
(LDH) level, clinical stage (Ann Arbor stage), Eastern Cooperative Oncology Group
performance status (ECOG PS), involvement of more than one extranodal site (ESI), IPI and
B symptoms were reviewed. Immunohistochemistry was performed at the Department of
Pathology, University Hospital of Kosovo. Antibodies used were CD20, CD10, Bcl6 and
MUML. Formalin-fixed, paraffin-embedded 4-um tissue sections from specimens collected at
diagnosis were used for immunohistochemical staining. Sections were individually stained
positive using a cutoff of 30% positive lymphoma cells.

The Germinal Center and non-Germinal Center classification was determined by the
Hans algorithm. If CD10 was positively stained, the sample was included to the Germinal
Center-group. If CD10 and Bcl6 both stained negatively, the sample was of the non-Germinal
Center-group. If CD10 was negative but Bcl-6 positive, the MUM-1 staining determined the
group. MUM-1 negative cases were in the Germinal Center group and MUM-1 positive cases
were in the non-Germinal Center group. If the staining was positive for both CD10 and
MUML, the cases were named double positive (DP) and included in the GCB group and cases
negative for both CD10, Blclé and MUML1 were classified as triple negative (TN) and
included in the non-GCB group.

According to these antibodies, patients were divided into 2 major groups - GCB and
non-GCB group according to Hans algorithm. In the GCB group, there were 102 patients and
in the non-GCB group 122 patients. According to Hans algorithm, there were 21 patients in
the double positive subgroup as part of the GCB group and 17 patients in the triple negative
subgroup as part of non-germinal center group.

According to the Lugano classification, patients were divided into 2 groups, those
with complete response and others with partial response, stable disease or progression disease
after first line treatment with RCHOP.

We analyzed the clinical characteristics, mortality and response to treatment between
GCB and non-GCB group, between DP and GCB subgroup or between DP and non-GCB
group, between TN and non-GCB subgroup or between TN and GCB group, and between TN
and DP subgroup.

Results

A total of 224 patients were enrolled in the study. The median age of patients at
diagnosis was 64.0 years (range 22 to 92 years), with 40.6% (90/224) of patients being
younger than 60 years. There was a slight male predominance, with 51% male and 49%
female patients. The annual incidence of diffuse large B-cell lymphoma in Kosovo was
nearly 1.24 new cases per 100,000 inhabitants. The annual incidence was slightly highest in
man compared to women, 50.9% versus 40.1%. The highest incidence was noted between
2016 and 2020 and the lowest incidence in 2010. The prevalence of diffuse large B-cell
lymphoma in Kosovo was approximately 6.7 patients per 100,000 inhabitants.

Clinical significance between different groups of DLBCL

According to Hans algorithm, 45.5% of patients (102/224) were in the group of
germinal center B-cell-like lymphoma (GCB) and 54.4% of patients (122/224) in the group of
non-germinal center B-cell-like lymphoma (non-GCB) (Tablel). Non-germinal center B-cell-
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like group was associated with slightly higher age at presentation (more than 60 years old)
than germinal center B-cell-like group (59.8% and 54.8%) with no significant P value
(P=0.45). Male predominance was more characteristic of non-germinal center B-cell-like
group, 54% versus 47% in germinal center B-cell-like group, but with a no significant P
value (P=0.29). Non-germinal B-cell-like group was associated with more advanced Ann
Arbor stage than germinal center B-cell-like group, 57.3% versus 51.9%, but with no
significant P value of 0.41.

Table 1. Clinical characteristics between GCB and non-GCB subtype

Variables Total No. GCB Non-GCB P values
(%) no. (%) no. (%)

Age 224 102 122
>60y 129(57.5) 56(54.9) 73(59.8) P=0.45
<=60y 95(42.4) 46(45.0) 49(40.1)
Gender 224 102 122
Male 110(49.1) 48(47) 66(54.0) P=0.29
Female 114(50.8) 54(53) 56(46)
LDH 224 102 122
Over ULN 131(58.4) 48(47.0) 83(68) P=0.002
Normal 93(41.5) 54(52.9) 39(31.9)
Stage 224 102 122
11 101(45) 49(48) 52(42.6) P=0.41
nnv 123(54.9) 53(51.9) 70(57.3)
ECOG PS 224 102 122
0-1 135(60.2) 76(74.5) 59(48.3)
2-4 89(39.7) 26(25.4) 63(51.6) P=0.001
ESI 224 102 122
0-1 121(54) 65(63.7) 56(45.9) P=0.008
>1 103(45.9) 37(36.2) 66(54)
IPI 224 102 122
0-2 108(48.2) 61(59.8) 47(35.8) P=0.002
>2 116(51.7) 41(40.1) 75(61.4)
B symptoms 224 102 122
Positive 112(50) 42(41.1) 70(57.3) P=0.01
Negative 112(50) 60(58.8) 52(42.6)
Remission 224 102 122
CR 154(68.7) 73(71.5) 81(63.9)
PR 70(31.2) 29(28.4) 41(36) P=0.22
Mortality 224 102 122
EX 98(43.7) 41(40.1) 57(46.7) P=0.32
Alive 126(56.2) 61(59.8) 65(53.2)

Non-GCB patients more often presented with unfavorable clinical variables including
elevated LDH level (P<0.002), extranodal disease in more than 1 site (P=0.008), presence of
B symptoms (P=0.01), poor PS (P=0.001) and a high-risk IPI (P=0.002) than GCB subtypes
(Table 1).

According to Lugano classification, non-GCB patients were characterized by more
partial remission, stable disease or progressive disease than GCB patients, but with not a
significant P value (P=0.22). Mortality was higher in the group of non-GCB patients (46.7%)
than in the group of GCB patients (40.1%), but the P value was not significant (P=0.32).

The differences in clinical features between double positive (DP) and GCB subgroup
or non-GCB group are listed in Table 2. The incidence of DP patients was 9.3% (21/224).
The DP phenotype was more likely to be characterized by more B Symptoms (P=0.0001),
higher LDH values (P=0.01) and higher IPI (IPI>2) (P=0.0001) than GCB subgroup. Complete
remission was lower in DP group than GCB subgroup (P=0.003). Additionally, although not
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statistically significant, DP subgroup showed higher stage IlI-1V, higher PS, more than 1
extranodal involvement and higher mortality than GCB subgroup. DP subgroup and non-
GCB group did not differ in any clinical parameter expression.

The differences in clinical features between triple negative (TN) and non-GCB
subgroup or GCB group are listed in Table 3. The incidence of TN patients was 7.4%
(17/224). There was no difference in any of the clinical characteristics between TN and GCB
group. Contrary to this, male predominance (P=0.02), higher LDH levels (P=0.01), advanced
Ann Arbor stage (I11 or 1V) (P= 0.04), more than one extranodal site disease (P= 0.028) and
high-risk IP1 (P= 0.003) were significantly more common in non-GCB than in TN subgroup.

Table 2. Differences of clinical characteristics between DP and GCB subgroup or DP
and non-GCB group

SieliLalc GCB Non-GCB
Variables positive subgroup P value group P value
subgroup (%) no. (%)
no. (%) '
Age 21 81 122
>60y 14(66) 42(51.8) P=0.22 63(51.6)
<=60y 7(33.3) 39(48.1) 49(40.1) P=0.55
Gender 21 81 122
Male 8(38) 40(49.3) P=0.35 66(54)
Female 13(61.9) 41(50.6) 56(46) P=0.17
LDH 21 81 122
Over ULN 15(71.4) 34(41.9) P=0.01 83(68.0)
Normal 6(28.5) 47(58.0) 39(32.0) P=0.75
Stage 21 81 122
i 8(38) 41(50.6) P=0.3 52(42.6)
v 13(61.9) 40(49.3) 70(57.4) P=0.69
ECOG PS 21 81 122
0-1 13(61.9) 63(77.7) 59(48.3)
2-4 8(38) 18(22.2) P=0.13 63(51.6) P=0.25
ESI 21 81 122
0-1 11(52.3) 54(66.6) P=0.22 56(45.9)
>1 10(47.6) 27(33.3) 66(54.0) P=0.58
IPI 21 81 122
0-2 5(23.8) 56(69.1) 46(37.7)
>2 16(76.1) 25(30.8)  P<0.0001 76(62.2) P=0.21
B symptoms 21 81 122
Positive 16(76.1) 26(32) 70(57.4)
Negative 5(23.8) 55(67.9) P<0.0001 52(42.6) P=0.10
Remission 21 81 122
CR 11(52.3) 67(82.7)  P=0.003 81(66.3)
PR 10(47.6) 14(17.2) 41(33.6) P=0.21
Mortality 21 81 122
EX 12(57.1) 29(35.8) 57(46.7) P=0.37
Alive 9(42.8) 52(64.1) P=0.07 65(53.2)

The differences of clinical characteristics between TN and DP subgroups are listed in Table
4. Although not statistically significant, DP subgroup showed higher levels of LDH (71.4% vs.
41.2%) (P=0.06), higher stage IlI-1V disease (61.9% vs. 35.3%) (P=0.1), male predominance
(38% vs. 29.4%) (P=0.57), more extra nodal site involvement (47.6% vs. 29.4%), more
positive B symptoms (73.1% vs. 52.9%) (P=0.13) and higher mortality (57.1% vs. 35.2%)
(P=0.18) than TN subgroup. Additionally, TN subgroup was characterized by significantly
lower IPI levels (IP1<2) (P=0.004) and lower but non-significant non-complete remission
(P=0.07) than DP subgroup.
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Table 3. Differences of clinical characteristics between TN and non-GCB
subgroup or TN and GCB group

Triple Non- GCB

Variables Negative subgroup P value Gﬁ? ?or/;))up P value
no. (%) no. (%) '
Age 17 105 102
>60y 13(76.4) 61(58.1) 56(54.9) P=0.22
<=60y 4(23.5) 44(41.9) P=0.33 46(45.1)
Gender 17 105 102
Male 5(29.4) 61(58.1) P=0.02 48(47)
Female 12(70.6) 44(41.9) 54(53) P=0.17
LDH 17 105 102
Over ULN 7(41.1) 76(72.3) P=0.01 47(46)
Normal 10(58.8) 29(27.6) 55(54) P=0.7
Stage 17 105 102
111 11(64.7) 41(39) 49(48)
Hnnv 6(35.2) 64(61) P=0.04 53(52) P=0.20
ECOG PS 17 105 102
0-1 10(58.8) 49(46.6) 78(76.4) P=0.18
2-4 7(41.1) 56(43.4) P=0.35 26(23.6)
ESI 17 105 102
0-1 12(70.6) 44(41.9) 65(63.7) P=0.58
>1 5(29.4) 61(58.1) P=0.028 37(36.3)
IPI 17 105 102
0-2 12(70.6) 34(32.3) P=0.003 61(59.8) P=0.99
>2 5(29.4) 71(67.7) 41(40.2)
B symptoms 17 105 102
Positive 9(52.9) 61(58.1) P=0.69 42(41.1)
Negative 8(47.1) 44(41.9) 60(58.9) P=0.36
Remission 17 105 102
CR 13(76.4) 68(64.7) 78(76.4)
PR 4(23.6) 37(35.2) P=0.34 24(23.5) P=0.67
Mortality 17 105 102
EX 6(35.2) 51(48.5) P=0.30 41(40.2)
Alive 11(64.7) 54(41.5) 61(59.8) P=0.7

Table 4. Differences of clinical characteristics between TN and DP subgroup
Total No. DP TN

Variables (%) no. (%) no. (%) P values
Age 38 21 17
>60y 26(68.4) 14(66.6) 12(70.5) P=0.79
<=60y 12(31.5) 7(33.3) 5(29.4)
Gender 38 21 17
Male 13(34.2) 8(38) 5(29.4) P=0.57
Female 25(65.7) 13(62) 12(70.5)
LDH 38 21 17
Over ULN 22(57.8) 15(71.4) 7(41.2) P=0.06
Normal 16(42.1) 6(28.5) 10(58.8)
Stage 38 21 17
111 19(50) 8(38.1) 11(64.7)
Hnnv 19(50) 13(61.9) 6(35.3) P=0.1
ECOG PS 38 21 17
0-1 23(60.5) 13(61.9) 10(58.8) P=0.84
2-4 15(39.4) 8(38.1) 7(41.2)
ESI 38 21 17
0-1 23(60.5) 11(52.3) 12(70.5)
>1 15(39.4) 10(47.6) 5(29.4) P=0.25
IPI 38 21 17
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0-2 17(44.7) 5(23.8) 12(70.5)

>2 21(55.2) 16(76.1) 5(29.4) P=0.004
B symptoms 38 21 17

Positive 25(65.7) 16(76.1) 9(52.9) P=0.13
Negative 13(34.2) 5(23.8) 8(38.1)

Remission 38 21 17

CR 19(50) 10(47.6) 13(76.4) P=0.07
PR 19(50) 11(52.3) 4(23.6)

Mortality 38 21 17

EX 18(47.3) 12(57.1) 6(35.2) P=0.18
Alive 20(52.6) 9(42.8) 11(64.7)

Discussion

Diffuse large B-cell lymphomas have heterogeneous features from a clinical,
biological, genetic, and prognostic standpoint of view, requiring special consideration in their
treatment. The introduction of chemoimmunotherapy into DLBCL treatment significantly
improved the prognosis of these patients compared to chemotherapy alone. The standard of
care for diffuse large B-cell lymphoma is R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone) chemotherapy.

Because gene expression profile assay is expensive and impractical in the medical
routine, IHC algorithms were introduced in order to translate these signatures into protein-
based tests. In this study, subtyping DLBCLs according to immunohistochemistry based on
the Hans algorithm was considered. The majority of such algorithms were developed in the
chemotherapy era and their predictive value in patients treated with chemoimmunotherapy
was controversial 22261, Among these, the most studied one is Hans algorithm, which uses the
immunohistochemical staining of CD10, Bcl6, and MUML to classify cases of DLBCL into
germinal center B-cell-like or non-germinal center B-cell-like groups®?l. The algorithm has
had consistency in some studies and non-compliance in some other studies. IHC algorithm
derived by Hans et al. to assign DLBCL to GCB and non-GCB groups is considered imperfect
and has a misclassification rate of 19.7% when compared to gene expression profiling data.

In the present study, we compared the clinical characteristics of different groups of
diffuse large B-cell-lymphoma classified according to Hans algorithm. The results showed
that, with a median follow-up of 63 months, 56.2% of patients survived, and 68.7% (150/224)
of all patients achieved a complete response after first-line RCHOP treatment. According to
clinical significance, non-GCB patients often presented with more unfavorable clinical
variables than GCB patients, which were consistent with previous reports!?3:39,

In a cohort of almost 12 years, 8.6% (21/244) CD10+MUM1+ (Double Positive) and
7.6% (17/244) CD10-Bcl6-MUM1-(Triple Negative) DLBCLs patients were identified. The
reported incidences of DP and TN were 2.3-14.3% and 5.5-19.1%, respectively?%"2°1, Double
positive patients were significantly characterized by more aggressive clinical parameters than
the other GCB patients, even if they originated from the same group. DP subgroup and non-
GCB group did not differ in any clinical parameter expression. These data demonstrated that
patients in DP subgroup had similar clinical characteristics with patients in non-GCB group,
even if DP was part of GCB group. However, triple negative DLBCL patients, who were
classified in non-GCB group according to Hans algorithm were found to have different
clinical characteristics from other non-GCB patients. Beside this, triple negative patients had
better clinical characteristics than other non-GCB patients. There was no difference in any of
the clinical characteristics between TN and GCB patients. These data raised the possibility
that patients in TN subgroup had the same clinical characteristics as patients in GCB group
which was consistent with a recent study, Although not statistically significant, triple negative
group had better clinical variables than double positive group?&=0l,
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Conclusion
In summary, although our study has demonstrated that Hans algorithm retains its

clinical importance in the era of chemoimmunotherapy, controversies in the literature remain.
This is due most commonly to the differences in patient populations, antibodies, and
regimens used, and partly due to a lack of homogeneous or large cohorts. In addition, the
presence of some special units, such as DP and TN subgroups, may affect the clinical value
of Hans algorithm, which is usually ignored in other studies. A more detailed classification of
DLBCL based on Hans algorithm could help identify patients with different clinical features,
thereby improving patient stratification for risk-adjusted therapy. However, because our study
is retrospective, more studies with a larger number of patients who will be treated with
rituximab plus standard chemotherapy are needed to confirm our findings.
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