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The Hans algorithm failed to predict outcome in patients with diffuse large
B-cell lymphoma treated with rituximab

K. BENESOVA™*, K. FORSTEROVA!, H. VOTAVOVA!, V. CAMPR?, J. STRITESKY?, Z. VELENSKA’, B. PROCHAZKA®, R. PYTLIK'!, M. TRNENY"

!Ist Department of Medicine- Department of Hematology, General Teaching Hospital and Charles University in Prague, 1st Faculty of Medicine;
’Department of Pathology and Molecular Medicine, Charles University in Prague, 2nd Faculty of Medicine; *Department of Pathology, General
Teaching Hospital and Charles University in Prague, 1st Faculty of Medicine; *Department of Biostatistics, The National Institute of Public

Health, Prague

*Correspondence: katerina.benesova@hotmail.com

Received February 27, 2012 / Accepted July 9, 2012

Diffuse large B-cell lymphoma (DLBCL) consists of at least two biologically and pathogenetically different subtypes,
the germinal centre B-cell (GCB) and the activated B cell type (ABC). It has been suggested that immunohistochemistry
can discriminate these subtypes as well. The aim of this study was to verify the validity of the most commonly used Hans
algorithm in patients with DLBCL treated with anthracycline- based chemotherapy with rituximab. Immunohistochemical
staining using standard protocols was performed on formalin fixed paraffin-embedded tissues. CD20, CD5, CD23, BCL2,
CD10, BCL6, MUMI1 and Ki67 antibodies were applied. Out of 120 examined cases 52 patients were evaluated as GCB type
and 68 patients as having non-GCB, out of a set of 99 patients treated with immunochemotherapy 45 patients with GCB
and 54 patients with non-GCB DLBCL were identified. In this set of patients, there was no statistically significant difference
neither in overall survival (OS) (HR 1.47 95% CI 0.51-2.63; p=0.45) nor in progression free survival (PFS) (HR 1.57, 95 %

CI 0.76-3.22; p=0.731) between both groups.
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Diffuse large B-cell lymphoma represents the most fre-
quent lymphoma subtype, involving some 30-45% of all
lymphomas in the USA and Europe[1,2] . Overall survival
of patients treated with immuno- chemotherapy ranges from
40 to 90 %. The variability of this interval is due to a number
of clinical and morphological prognostic factors. Based on
gene expression profiling (GEP), DLBCL can be divided into
germinal centre B-cell (GCB) lymphoma, activated B-cell
(ABC) lymphoma and type 3 (T3) - unspecified lymphoma
[3]. It has been demonstrated that this classification also
has a prognostic significance, which is retained even if im-
munochemotherapy is used [4]. As the GEP is financially
and technically demanding, requiring native frozen tissue
processed in highly specialized laboratories, immunohisto-
chemical methods have been developed to distinguish these
two subtypes. The most frequently used method is the Hans
algorithm [5]. In our work, we tried to verify the validity of
this method in routine clinical practice using anthracycline-
based immunochemotherapy.

Patients and methods

Patients. We selected a total of 127 patients with de novo
DLBCL diagnosed at the Institute of Pathology of the General
Teaching Hospital or at the Institute of Pathology and Molecular
Medicine of Motol Teaching Hospital and the 2™ Faculty of
Medicine. Seven patients were excluded from the cohort as the
interpretation of the immunohistochemical findings in limited
diagnostic material was not unequivocal. A total of 120 patients
were thus examined according to Hans algorithm.

Basic clinical data were completed in all patients. Patients
signed an informed consent regarding the processing of
clinical data. The following data were available: date of diag-
nosis, age, sex, clinical stage (CS), performance status (PS),
international prognostic index (IPI), lactate dehydrogenase
(LDH) value, number of extranodal sites involved, type of
chemotherapy and type of monoclonal antibody, quality of
response, date of first progression, date of death and date of
last follow-up.
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Figure 1a. The scheme of Hans algorithm

Figure 1b. Results of immunoperoxidase staining.

GC

nonGC

A: Diffuse large B-cell lymphoma with GC-like immunophenotype. CD10: Variable, moderate to strong membrane positivity of CD10 on tumour cells.
BCL-6: Variable, often strong nuclear positivity of BCL6 on tumour cells. MUM1: Variable, often weak nuclear positivity of MUM1 on less than 30 %

of tumour cells.

B: Diffuse large B-cell lymphoma with non-GC-like immunophenotype. CD10: Stromal staining of CD10, tumour cells is negative.

The patients with unavailable sufficient number of basic
clinical data, follow up or not treated with immunochemo-
therapy (rituximab, anthracycline-based chemotherapy) were
excluded from the survival analysis. The remaining cohort
consisted out of 99 patients diagnosed between 2001-2010.
Response rate was evaluated using the Cheson criteria [6],
due to fact that only limited number of patients were exam-
ined by PET.

Treatment. Patients were treated with the R-CHOP regi-
men (rituximab, cyclophosphamide, adriablastine, vincristine,
prednisone) at standard dosage or in intensified version’.

Immunohistochemistry (IHC). Routinely prepared
formalin-fixed paraffin-embedded (FFPE) tissue blocks
were used for the diagnosis of diffuse large B-cell lymphoma
according to the WHO classification criteria. Two patholo-
gists (V.C,, ].S.) independently read the slides to confirm
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Figure 2. The probability of overall survival and progression- free sur-
vival in 99 patients treated with an anthracycline- based regimen and
rituximab.

the diagnosis of DLBCL and to distinguish GC-like and
non-GC-like immunophenotype groups according to the
algorithm of Hans et al. [5] (Fig. 1a, 1b) Haematoxylin-eosin
stained slides served for the selection of representative blocks
for immunohistochemical and molecular genetic analysis.
Commercially available monoclonal antibodies CD20 (L26,
DAKO, 1:50), CD3 (SP7, Neomarkers, 1:50), CD10 (56C6,
Novocastra, 1:100), bcl-6 (PG-B6p, DAKO, 1:20) and IRF4/
MUMI1 (MUMIlp, DAKO, 1:50) were used in the indirect
immunoperoxidase methods with N-Histofine Simple Stain
MAX PO (Nichirei Biosciences) with diaminobenzidine
to distinguish the two immunophenotypes. Heat-induced
epitope retrieval was performed in 10mM sodium citrate
buffer pH 6.0 (CD20), Target Retrieval Solution DAKO (CD3),
ImM EDTA pH 8.0 (CD10), Target Retrieval Solution pH 9.0
DAKO (bcl-6) and Target Retrieval Solution High pH DAKO

Table 1. The clinical parameters of the evaluated set

(IRF4/MUMLI) in a water bath during a 40 minute period
at 98° C. Room temperature for 50 minutes was used in all
primary antibody incubations with the only one exception of
anti-CD10 antibody incubated overnight at 4° C.

Statistical evaluation. Survival was compared according
to the characteristics of overall survival and progression free
survival. Overall survival (OS) was characterised as the time
from diagnosis to the last follow-up or death from any cause.
Progression free survival (PFS) was defined as the time from
diagnosis to an event (disease progression or death from any
cause) or to the last follow-up. Survival probability was de-
termined using the Kaplan Meier method and the differences
were calculated using the long-rank test. The Graph Pad and
SPSS software were used for these calculations.

Results

In the set of 120 patients immunohistochemically examined
total of 52 patients were evaluated as GC type and 68 patients
as having non-GC. Correlation with clinical characteristics and
survival analysis was possible in the sample of 99 patients, the
GC type was found in 45 and non-GC in 54 cases in this sub-
set of patients (Tab. 1). The median age was 61 years (22-83);
52 were men. Twenty eight patients had performance status
ECOG 2 and more. B symptoms were present in 42 patients.
Sixty one patients had higher LDH values, 15 patients had more
than 1 extranodal site involved. Advanced clinical stages were
present in 64 patients and 35 patients had an intermediate or
high IPI. There was found no statistical difference between
GC and nonGC group.

With a median follow-up of 3.13 years the probability of
OS and PFS at 3 years was 81% (95% CI 72.9-88.9) and 70%
(95% CI 60.7- 79.5), respectively. At five years, OS and PFS
were 75.1% (95% CI 72.9-79.5) and 65.7% (95% CI 55.0-76.3),
respectively-see Fig. 2.

Patients whole sample GC Non-GC p
n 99 45 54 ns
age (median) 22-83 (61) 22-74 (57) 22-83 (61) ns
male/female 51/48 22/23 29/25 ns
CS I+I1 32 33.3% 14 31.8% 18 34.6% ns
CS III+1V 64 66.7% 30 68.2% 34 65.4% ns
LDH above normal range 61 64.2% 25 61.0% 36 66.7% ns
PS 2 and higher 28 29.2% 14 32.6% 14 26.4% ns
IPI low 27 30.0% 14 34.1% 13 26.5% ns
low -intermediate 27 30.0% 13 31.7% 14 28.6% ns
high -intermediate 17 18.9% 5 12.2% 12 24.5% ns
high 19 21.1% 22.0% 10 20.4% ns
therapy CHOP like 87 87.9% 37 82.2% 50 92.6% ns
intensive CHOP 12 12.1% 8 17.8% 7.4% ns
ASCT 12 12.1% 13.3% 11.1% ns
rituximab 99 100.0% 45 100.0% 54 100.0% ns

NB: The following parameters were evaluated in the corresponding number of patients: CS 96 pts, LDH 95 pts, PS 96 pts, IPT 90 pts
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Figure 3. Overall survival in 99 patients with DLBCL treated with an an-
thracycline regimen- comparison of the GC and non-GC group according
to the Hans algorithm.

Using the Hans algorithm, we categorized 45 patients into
the GC group and 54 patients into the non-GC group. There
was no statistically significant difference in the individual
clinical characteristics between the two groups.

Table 1 shows an overview of the clinical characteristics
of both groups.

Evaluation of the clinical response. Response rate was
comparable in both groups (Tab. 2). In the GC group, the
overall response rate (ORR) was 90.7%, with 76% of patients
achieving complete remission and 7% of patients achieving
partial remission. In the non-GC group, the ORR was 89.8%
with 75.5% of patients achieving complete remission and 8.2%
of patients achieving partial remission.

Survival analysis. OS and PFS at 3 years was 81% (95%
CI 72.9-88.9) and 70% (95% CI 60.7- 79.5), respectively and
at 5 years 75.1% (95% CI 72.9-79.5) and 65.7% (95% CI 55.0-
76.3), respectively. Neither the median OS nor median PFS
were reached.

Clinical Prognostic Factors. The predictive role of indi-
vidual clinical characteristics on survival was studied- age, CS,
LDH, PS, IP], as well as the type of DLBCL according to IHC
were tested in univariate analysis. The following factors were
found to have significant impact on PFS and OS respectively:

Table 2. Response rate to chemotherapy
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Figure 4. PFS in 99 patients with DLBCL treated with an anthracycline
regimen- comparison of the GC and non-GC group according to the Hans
algorithm.

age (p=0.001 and 0.0011 resp.), LDH(p=0.061 and 0.005 resp.),
performance status (p=0.02 and 0.04) and IPI (p<0.0001 and
0.0001 resp.).

Comparing both groups of DLBCL subtypes using uni-
variate analysis, we found no significant difference between
both evaluated groups in OS (p=0.405) (Fig.3) nor in PES
(p=0.219) (Fig. 4).

Two multivariate (MV) analyses were performed: one for
the age, clinical stage, LDH, PS, type of DLBCL according to
IHC and second one for IPI and type of DLBCL according to
[HC. In the first multivariate analysis, factors that independ-
ently influenced PFS and OS respectively were age (p<0.0001
and <0.0001 resp.), LDH (p=0.30 and p= 0.05 resp.) and clini-
cal stage (p=0.02 and 0.04 resp.). Subtypes according to the
THC evaluation did not have impact on either PFS or OS in
multivariate analysis.

The IPI was significantly associated with OS (p<0.0001) and
PES (p<0.0001), when assessed by the Cox model.

Discussion

Determining DLBCL subtypes using molecular genetic
methods (gene expression analysis) in the era of rituximab

GC NonGC

Response rate n=99 n=45 n=54 p value
CR 77 77.78% 36 80.00% 41 75.90% ns
PR 6 6.06% 6.70% 3 5.60% ns
SD 1.01% 0.00% 1.90% ns
progression 8 8.08% 8.90% 7.40% ns
NA 7 7.07% 4.40% 5 9.30%

ORR 89 89.90% 39 86.70% 44 81.50% ns

NA - not applicable
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has a prognostic value [8]. The discrimination of different
subtypes has, however, not only prognostic impact, but
based on the different pathogenesis and different pathways
it can be used as the tool for targeted therapy. Several papers
have been published demonstrating the different efficacy of
bortezomib in combination with chemotherapy in patients
with ABC vs. GCB lymphoma [9]. Similarly, the efficacy of
lenalidomide in monotherapy has been demonstrated as
significantly different in nonGC vs. GC subtype [10]. GEP
however still requires the availability of fresh (frozen) mate-
rial and is rather expensive. Hans et al [5] published in 2004
the first widely accepted and used algorithm for dividing
DLBCL into the GC type and nonGC subtype. This algorithm
was based on the immunohistochemical expression of CD
10, bcl-6 and MUM 1 proteins. Over the years, a number
of papers have been published, some of which confirm the
prognostic division according to Hans [8, 10-13] while oth-
ers failed to find statistically significant differences between
these two groups [14-18].

Other immunohistochemical algorithms attempt to im-
prove the predictive significance of this method using the
antibodies GCET 1, CD10, bcl-6, MUM 1, FOXP1 [19], bcl
2, CD 10, MUM 1 [20], FOXP1, MUM 1 [8] and LMO?2 [21]
expression. Newly proposed the Tally algorithm [11] tries to
avoid sequential assessment of antibodies used in previous
schemes. Its results are comparable to previous algorithms. Its
main disadvantage is using of five antibodies, because in the
widely accepted Hans algorithm only three commercially easily
accessible and widely used antibodies are required.

In our set of patients, immunohistochemical classification
of DLBCL using the most frequently applied Hans algorithm
did not demonstrate any significant differences neither for PES
nor OS between the subtype classified as GC and that one as
non-GC. The only prognostic marker confirmed in our cohort
of patients was the International prognostic index IPI.

Our observations are in concordance with published results,
having failed to confirm the significance of classifying DLBCL
subtypes according to Hans. It is thus also in concordance with
recently published works [14,22]. Our study involves almost
one hundred patients treated with immuno-chemotherapy and
we have demonstrated the applicability and utility of clinical
prognostic markers used to date, namely IPI but we failed to
confirm the prognostic impact of the Hans immunobhisto-
chemical algorithm.

According to literature, concordance of the Hans method
with gene expression profiling (GEP) is 70-80% [5,23] with the
remaining 20-30% cases being discrepant. It cannot be ruled
out that the reason for the different results in our study might
be the imprecise stratification of our sample. Meyer et al [11]
showed that although the individual immunohistochemical
algorithms may be capable to demonstrate a significant differ-
ence between the GC and non-GC subtypes, in each algorithm
these subtypes consist of different patients. In other words,
GC lymphoma according to one algorithm can be classified
as non-GC lymphoma according to another algorithm. An-

other possible reason may be the issue of determining Bcl-6
positivity, whereby discrepancies in technical performance
in different laboratories and the interpretation of samples be-
tween individual pathologists have been described in literature
[8,24]. Nevertheless, if the algorithms using Bcl-6 (according
to Hans or Choi) were modified by its exclusion, they gave
similar results as unmodified ones [11].

We cannot, however, exclude the possibility, that Hans
algorithm correctly discriminates GC and nonGC subtypes
in our cohort, but there is no different PFS and OS outcome
between these subtypes in our cohort. It has been shown that
the predictive value may be suppressed by more intensive
chemotherapy regimens and eventually by autologous trans-
plant [16]. We do not consider this could be the explanation
for similar outcome of GC and non-GC subtype in our series,
because only 12% of all patients received intensive treatment
and transplantation and the proportion was similar in each
subgroup.

It thus appears that using immunohistochemical algo-
rithms, in our case the Hans one, can be confounding for
identifying different subtypes with different prognosis to
test intensified therapy or therapeutic modalities targeting
different pathogenetic mechanisms in the GC and non-GC
subtypes. As GEP still remains unavailable in most cases
of DLBCL, it is necessary to look for other means to dis-
criminate between GC -like and nonGC-like DLBCL. The
immunohistochemistry is still a favourite method due to its
reasonable costs, the reproducibility of the results have to be
however improved.

Conclusion

The DLBCL consists of at least two subtypes GCB and ABC
(nonGCB) which can be distinguished by GEP. The suggested
more practical immunohistochemistry algorithms are not
however reproducible in all studied cohorts. We demonstrate
that the most frequently used Hans algorithm failed to discrim-
inate GC and nonGC in terms of different survival probability
in our cohort treated with immunochemotherapy.
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