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Diffuse large B-cell lymphoma can be subclassified into at least two molecular subgroups by gene expression

profiling: germinal center B-cell like and activated B-cell like diffuse large B-cell lymphoma. Several

immunohistological algorithms have been proposed as surrogates to gene expression profiling at the level of

protein expression, but their reliability has been an issue of controversy. Furthermore, the proportion of

misclassified cases of germinal center B-cell subgroup by immunohistochemistry, in all reported algorithms, is

higher compared with germinal center B-cell cases defined by gene expression profiling. We analyzed 424 cases

of nodal diffuse large B-cell lymphoma with the panel of markers included in the three previously described

algorithms: Hans, Choi, and Tally. To test whether the sensitivity of detecting germinal center B-cell cases could

be improved, the germinal center B-cell marker HGAL/GCET2 was also added to all three algorithms. Our results

show that the inclusion of HGAL/GCET2 significantly increased the detection of germinal center B-cell cases in

all three algorithms (Po0.001). The proportions of germinal center B-cell cases in the original algorithms were

27%, 34%, and 19% for Hans, Choi, and Tally, respectively. In the modified algorithms, with the inclusion of

HGAL/GCET2, the frequencies of germinal center B-cell cases were increased to 38%, 48%, and 35%,

respectively. Therefore, HGAL/GCET2 protein expression may function as a marker for germinal center B-cell

type diffuse large B-cell lymphoma. Consideration should be given to the inclusion of HGAL/GCET2 analysis in

algorithms to better predict the cell of origin. These findings bear further validation, from comparison to gene

expression profiles and from clinical/therapeutic data.
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Diffuse large B-cell lymphoma is the most common
adult B-cell lymphoma and has been recognized as
heterogeneous on clinical, morphological, immuno-
phenotypic and molecular grounds.1 At least two
main molecular subgroups of diffuse large B-cell
lymphoma were characterized based on gene
expression profiling studies: one with a profile

resembling germinal center B cells and another
expressing genes typically seen in activated periph-
eral blood B-cells.2 Other investigators subsequently
confirmed these findings.3–5 The relevance of
these findings is that the activated blood B-cells
subtype is associated with a significantly worse
clinical outcome even after the introduction of
immunochemotherapy.3,6–9 Therefore, the molecular
subtyping of diffuse large B-cell lymphoma may
become important for therapeutic decision-making,
as has already been demonstrated in several recent
studies.7,8,10

The germinal center B-cell-like and activated
blood B-cells-like subgroups cannot be reliably
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distinguished by morphology alone. For example,
the immunoblastic and centroblastic morphological
variants of diffuse large B-cell lymphoma, particu-
larly those with a polymorphic centroblast-like cells
and/or a higher content of immunoblasts, are more
commonly seen in the activated blood B-cells-
subgroup but are also observed in the germinal
center B-cell-subgroup.5,11 Although gene expression
profiling has been a useful tool in a number of ways
and has helped refine diagnostic and prognostic
categories and furnished novel markers and treat-
ment targets, this high-throughput technology is not
readily applicable to routine clinical practice.1,12

Therefore, much effort has been directed at separat-
ing diffuse large B-cell lymphoma prognostic sub-
groups using protein expression as assessed by
immunohistochemistry, a more widely accessible
method than gene expression profiling.7,11,13–18 The
correlation between gene expression profiling sub-
groups of diffuse large B-cell lymphoma, and those
defined as germinal center-like and non-germinal
center-like diffuse large B-cell lymphoma by immu-
nohistochemistry, is highly variable depending on
the selection of markers1,11,14,16 and consequently is
also highly controversial.

Immunohistochemical algorithms have been pro-
posed with different levels of concordance with
studies. The three most used are the Hans classifier,11

the Choi algorithm,14 and the recently proposed Tally
algorithm16—all three algorithms employ a small
panel of immunohistological markers to translate the
information from gene expression profiling studies to
an assay amenable for routine clinical practice. Hans
et al11 demonstrated that by using a combination of
three immunostains (CD10, BCL6 and MUM1), it is
possible to find concordance with gene expression
profiling results in 71% of germinal center B-cell and
88% of non-germinal center B-cell cases; the general
concordance was estimated at 86%. In Choi algo-
rithm, five markers were included (GCET1, CD10,
MUM1, BCL6 and FOXP1, in a predetermined
order),14 and the overall concordance with gene
expression profiling was 93%. When the Choi
algorithm was applied to patients treated with R-
CHOP, the concordance with gene expression profil-
ing results remained high (88%), and the high
sensitivity, specificity, and negative predictive value
of the algorithm were maintained.14 Meyer et al16

built another modification, known as the Tally
algorithm, which incorporates CD10 and GCET1 as
germinal center markers and, FOXP1 and MUM1 as
activated B-cell markers. In this algorithm, the
staining results are not examined in a particular
order in addition to which another germinal center
B-cell marker, LMO2, is included as a tiebreaker
when an equal number of germinal center and
activated markers were positive. The Tally algorithm
was built on cases of diffuse large B-cell lymphoma
treated with standard chemotherapy including
rituximab and showed 93% concordance with gene
expression profiling results from the same cases.16

HGAL (also know as GCET2) is a B-cell specific
marker whose expression is observed in the cyto-
plasm of normal germinal center B-cells and in
lymphomas of germinal center B-cell derivation,
including subsets of diffuse large B-cell lymphoma,
primary mediastinal B-cell lymphoma, follicular
lymphoma, and Burkitt lymphoma.19–21 In the cur-
rent study, we incorporated HGAL/GCET2 to the
three previously described algorithms across a cohort
of 424 nodal diffuse large B-cell lymphoma cases.
The aim of the study was to evaluate the potential
utility of HGAL/GCET2 in recognizing cases of
germinal center B-cell-type diffuse large B-cell
lymphoma above and beyond those cases classified
as germinal center B-cell-type diffuse large B-cell
lymphoma using the three original algorithms.

Materials and methods

Case Material and Clinical Data

We studied a total of 424 cases of nodal diffuse large
B-cell lymphoma from the files of Consultoria em
Patologia (from 2005 to 2008), a large anatomic
pathology reference laboratory located in the State of
São Paulo, Brazil. All cases had available material
for tissue microarray construction. No cases of
extranodal diffuse large B-cell lymphoma were
included. Primary mediastinal B-cell lymphomas
were not included. Available hematoxylin and eosin
stained slides of each case from the original paraffin
block were reviewed, and representative areas were
selected for tissue microarray. The diagnosis was
made using the criteria proposed by the WHO 2008
classification for hematopoietic neoplasia.1

Tissue Microarray Construction

Six tissue microarray blocks were constructed using
a tissue arrayer (Beecher Instruments, Sun Prairie,
WI, USA). Three tumor cores of 0.6mm that had
been taken from the original paraffin blocks repre-
sented each individual case. Serial sections of 3 mm
were cut from the tissue array blocks and used for
the immunohistochemical analysis. Proper positive
and negative control cores for each marker were also
included in the array block to provide an assessment
of the adequacy of the antibodies used in the
immunohistochemical study.

Immunohistochemistry and In situ Hybridization

Immunohistochemical studies were performed on
the tissue microarray using the Novolink polymers

(Novocastra, Leica Microsystems, Buffalo, IL, USA)
as the detection system, and an epitope-retrieval
method was applied as needed for each specific
antibody; diaminobenzidine (DAB) was the chromogen.
The specifications of primary antibodies used in this
study are shown in Table 1. MUM1, CD10, BCL-6,
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HGAL/GCET2, LMO2, and BCL-2 were considered
positive above a 30% cutoff of staining. GCET1
and FOXP1 were considered positive above 80%
of stained cells, according to Choi et al14 At least
10 high-power fields, including tumors, were
evaluated. The Ki-67 proliferative index (PI) was
evaluated using the monoclonal antibody MIB1,
assigning a percentage value calculated by scoring
500 tumor cell nuclei. Sections from the tissue
microarray were examined for the expression of
Epstein–Barr viral (EBV) RNA by in situ hybridi-
zation using the EBER-1 probe, as previously
described.22

Algorithms Methodological Description

Initially, the cases of diffuse large B-cell lymphoma
were separated using three previously described
immunohistochemical algorithms. In the ‘Hans clas-
sifier’,11 germinal center-subtype was defined as
either all cases expressing CD10 or cases that were
CD10 negative, BCL-6 positive, and MUM-1 negative.
All cases that were CD10 negative and MUM1
positive, irrespective of BCL-6, were considered to
be of non-germinal-center subtype; Choi et al14 used
GCET1, CD10, BCL6, MUM1, and FOXP1 in a specific
order to separate germinal-center subtype from non-
germinal-center subtype cases. The cases positive for
GCET1 without MUM1 expression, or CD10 positive
or BCL6 positive without FOXP1 expression, were
classified as germinal-center subtype. The cases with
GCET1 and MUM1 positivity and the cases with
GCET1 negative, CD10 negative, BCL6 negative or
CD10 negative, and BCL6 positivity with FOXP1
positive, were assigned to the non-germinal-center
subtype group. The Tally algorithm proposed by
Meyer et al16 combines CD10 and GCET-1 as germinal
center markers and MUM1 and FOXP1 as non-
germinal-center subtype markers, and score cases on
a scale of 0 (both negative), 1 (only one positive), and
2 (positive for both) marker pairs; it includes another

germinal center marker LMO223 as a tie-breaker when
an the score is equal for germinal center and non-
germinal-center subtype markers. We then reclassi-
fied all cases after including HGAL/GCET2 to the
three algorithms. The inclusion of HGAL/GCET2 as
another germinal center marker was done as follows:
in the Hans classifier, HGAL/GCET2 was equivalent
to CD10; when positive, the case was then classified
as germinal-center subtype. In the Choi algorithm,
HGAL/GCET2 was included after GCET1, and in the
Tally algorithm, it was considered equivalent to
LMO2. When scores were equal, an HGAL/GCET2-
positive result was considered to define a case as
germinal-center subtype type. The strategy of how
HGAL/GCET2 immunostaining was used in the three
algorithms is summarized in Figure 1.

Table 1 Primary antibodies and conditions used for immuno-
histological studies

Marker Clone Dilution Epitope
retrieval

Source

CD20 L26 1:1200 MWCB Dako
CD3 SP7 1:200 SCB Lab Vision
BCL-6 PG-B6P 1:100 T+STRIS Dako
Ki-67 MIB-1 1:4800 PCCB Dako
BCL-2 124 1:400 MWCB Dako
MUM-1 MUM1P 1:1200 SCB Dako
FOXP1 JC12 1:4800 MWCB AbCAM
HGAL/GCET2 MRQ-49 1:200 SCB Monosan
GCET1 RAM341 1:100 SCB AbCAM
LMO2 1A9-1 1:100 SCB Santa Cruz
CD10 270 1:200 SCB Novocastra

CB, citrate buffer; MW, microwave oven; PC, pressure cooker;
S, steamer; T, trypsin.

Figure 1 Diagrams of modified Hans (a), Choi (b), and Tally
(c) algorithms with the inclusion of HGAL/GCET2. The introduc-
tion of HGAL/GCET2 in each algorithm is highlighted in yellow,
showing it position and how the cases being separated according
to the expression (þ ) or absence (�) for the different markers
used in each algorithm.
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Statistical Analysis

The w2 test was used to compare the results of the
different algorithms as originally proposed and with
the addition of HGAL/GCET2. As a measure of
concordance, the k test was applied. The relation-
ship between the markers was obtained based on the
Breslow’s linear adjust model considering the
markers as independent variants in univariate and
multivariate analysis. The significance level used in
the study was 5%.

Results

The 424 nodal diffuse large B-cell lymphoma cases
included 203 females with a mean age of 61.3 years
old (ranging from 20 to 90) and 221 males with a
mean age of 56.4 years old (ranging from 9 to 92).
The female mean age was significantly higher than
the male mean age (P¼ 0.004).

All the cases were CD20-positive in the neoplastic
cells with no expression of CD3. The expression of
the other markers is shown in Table 2. Applying the
Hans classifier11 to this series, 114 (27%) cases were
categorized as germinal-center subtype and 310
cases (73%) as non-germinal-center subtype. Apply-
ing the Choi algorithm,14 144 cases were classified as
germinal-center subtype (34%) and 280 cases (66%)
as activated B-cell. The Tally16 algorithm identified
79 cases (19%) as germinal-center subtype and 345
cases (81%) as activated B-cell. For the original
algorithms, the association between the Hans and
Choi’s classifiers was statistically significant,
Po0.001 (w22¼ 160.5), with the percentage of con-
cordant results of 84%. The discordant cases were
12% of the patients that were classified as germinal-
center subtype type by the Choi algorithm and non-
germinal-center subtype type by the Hans algorithm,
but the concordance measure, k, was still high
(k¼ 0.612; Po0.001). In the comparison of the Hans
and Tally’s algorithms, the association was also
statistically significant (w2¼ 134.7; Po0.001). The
frequency of concordant results was 84%. The non-
concordant cases corresponded mainly to those
cases considered germinal-center subtype by the
Hans algorithm and non-germinal-center subtype
by the Tally algorithm and included 12% of the

patients (k¼ 0.555, Po0.001). When the Choi and
Tally’s algorithms were compared, the concordance
was lower by 73%, but remained statistically
significant (k¼ 0.356, Po0.001). The non-concor-
dant cases corresponded mainly to those cases
considered germinal-center subtype by the Choi
algorithm and non-germinal-center subtype by the
Tally algorithm, corresponding to 21% of the cases.
All three algorithms showed positive association
and the higher concordance was between Choi and
Hans followed by Hans and Tally’s algorithms; the
lowest concordance was between the Choi and
Tally’s algorithms.

The addition of HGAL/GCET2 significantly in-
creased the frequency of cases classified as germ-
inal-center subtype subtype in all three algorithms
(Table 3) (Figure 2). The distribution of germinal-
center subtype and non-germinal-center subtype
subtypes classified by the Hans algorithm with
HGAL/GCET2 (modified Hans) showed 162 cases
(38%) of germinal-center subtype and 262 cases
(62%) of non-germinal-center subtype subtypes. The
addition of HGAL/GCET2 to the Choi algorithm
(modified Choi) showed 202 cases of germinal-
center subtype (48%) and 222 of non-germinal-
center subtype (52%) subtypes. The Tally algorithm

Table 2 Comparison of antigen expression in different algorithms in cases of diffuse large B-cell lymphoma according to published
studies

HGAL/
GCET2

LMO2 CD10 BCL6 MUM1 BCL2 FOXP1 GCET1

Hans11 NP NP 28% (42/152)a 56% (85/152) 47% (71/151) 50% (76/152) 61% (90/147) NP
Natkunam23 70% (103/146) 47% (92/197) 39% (51/131) 59% (78/132) 50% (65/131) 75% (90/147) NP NP
Montes28 NP NP NP NP NP NP NP 47% (37/72)
Morton30 NP 44% (95/214) 32% (68/214) 29% (63/214) 5% (10/214) 44% (94/214) NP NP
Gutierrez29 44% (61/139) 42% (60/143) 26% (41/157) 64% (94/146) 28% (41/148) 50% (75/152) 78% (112/143) 46% (67/146)
Present study 28% (120/424) 15% (64/417) 18% (74/424) 56% (239/424) 57% (243/423) 43% (181/424) 32% (143/424) 15% (64/418)

DLBCL, diffuse large B-cell lymphoma; NP, not performed.
a
Positive cases/total of cases.

Table 3 Distribution of 424 cases of diffuse large B-cell
lymphoma according to the different described algorithms as
originally proposed (without the inclusion of HGAL/GCET2) and
modified with the inclusion of HGAL/GCET2

Algorithms

Choi Hans Tally

Originala

% GCB 33.96 26.88 18.63
Modifiedb

% GCB 47.64 38.21 35.38
Statistics (z) 3.983 3.448 5.416
P value o0.001 o0.001 o0.001

GCB, germinal center B-cell –like subgroup.
a
without HGAL/GCET2.

b
with HGAL/GCET2.
P value is referred to the % of GCB cases obtained with the original
algorithm and the % after the modification with the HGAL/GCET2
introduction.
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with the inclusion of HGAL/GCET2 (modified Tally)
showed 150 (35%) germinal-center subtype cases
and 274 (65%) non-germinal-center subtype cases.

The impact of classifying cases of the germinal-
center subtype in the modified algorithms is related
with the number of cases that had the status of non-
germinal-center subtype modified to germinal-cen-
ter subtype. The increment of germinal-center
subtype cases with the introduction of HGAL/
GCET2, in Hans algorithm, was estimated at 17%,
in the modified Choi algorithm, 13.9%, and in the
modified Tally algorithm, 16.7%, and the difference
between originally and modified algorithm was
statistically significant in all of the algorithms
(Po0.001), for recognizing germinal-center subtype

cases. The concordance between the Hans and
Choi’s algorithms was also increased from
k¼ 0.612 (without HGAL/GCET2) to k¼ 0.714
(with HGAL/GCET2) (Po0.001). The concordance
between the Hans and Tally’s algorithms changed
from k¼ 0.555 (without HGAL/GCET2) to k¼ 0.858
(with HGAL/GCET2) (Po0,00). Between the Choi
and Tally’s algorithms, where the initial concor-
dance was the lowest, the modified algorithms
(with HGAL/GCET2) showed a significantly increased
proportion of cases (k¼ 0.675, Po0.001).

In multivariate analyses comparing the four
germinal center markers, CD10 was the only in-
dependent marker (Po0.001). The mean value of Ki-
67-proliferation index was 56%, ranging from 20 to
90% with a non-significant difference comparing
germinal-center subtype and non-germinal-center
subtype subtypes. The immunohistochemical result
of single antigens is detailed in Table 2, comparing
with the literature.

BCL-2 expression was observed in 181 cases—60
cases (33%) of germinal-center subtype and 121
cases (67%) of non-germinal-center subtype. Taking
all germinal-center subtype cases, BCL2 expression
was observed in 42% (60/144); in non-germinal-
center subtype cases, BCL2 was positive in 43% of
the cases (121/280), with no statistically significant
difference. In situ hibridization for EBER was
negative in all the cases.

Discussion

In the last decade, the success of gene expression
profiling in identifying molecular subtypes of
diffuse large B-cell lymphoma that are of clinical
and prognostic significance2–4 prompted many in-
vestigators to attempt the development of immuno-
histological algorithms for this purpose.11,13,14,16,24

This task, however, has proven to be far more
challenging than initially anticipated, at least in
part owing to the limited numbers of antibody
reagents available for immunohistochemistry. Sub-
typing diffuse large B-cell lymphoma into prognos-
tic groups based on immunohistological algorithms
has the great advantage that the methodology is
readily available in diagnostic pathology labora-
tories and can be easily performed on formalin-
fixed, paraffin-embedded tissue. Nevertheless, there
has been significant controversy over the selection
of the most appropriate panel of markers to be
employed for immunohistochemistry, differences in
methodology and scoring criteria, and the degree to
which each algorithm approximates gene expression
profiling-derived prognostic subgroups. In addition,
improvement in the treatment strategies for diffuse
large B-cell lymphoma, such as the initiation of
immunochemotherapy, further confounded the abil-
ity to separate prognostic subgroups with markers
defined in a previous treatment era. Data from large
prospective clinical trials to validate these findings

Figure 2 Germinal center B subtype case (a); non-germinal center
B subtype case (b) and case of germinal center B subtype with
HGAL/GCET2þ and CD10� (c).
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are also lacking. We set out to test whether the
addition of HGAL/GCET2 to previously defined
algorithms could improve the accuracy of detection
of the germinal center B cell subtype, and our
findings indeed support that conclusion.

The three most commonly used algorithms collec-
tively employ the following immunohistological
markers: CD10, BCL6, MUM1, BCL2, FOXP1,
GCET1, and LMO2. Although the first four of these
markers have been used in lymphoma diagnosis for
a number of years, FOXP1, GCET1, and LMO2 have
not; they were identified by germinal expression
profiling or selected RT-PCR studies to be of
significance in the context of prognostication in
diffuse large B-cell lymphoma. FOXP1 is a winged-
helix transcription factor that is differentially ex-
pressed in resting and activated B cells. FOXP1
(forkhead box P1) expression has been demonstrated
in a subset of diffuse large B-cell lymphoma and is
more common in the non-germinal center subgroup,
as in our series. It has been suggested that FOXP1
expression is an independent prognostic factor in
diffuse large B-cell lymphoma patients.25,26 GCET-1
is highly restricted to germinal center B-cell and to
germinal center B cell-derived cell lines and
lymphomas.27,28 Its expression has been observed
in variable proportions of diffuse large B-cell
lymphoma (20-50%) in different studies, most likely
due to differences in scoring criteria.28,29 In addition,
we also assessed the expression of LMO2, which
was incorporated into the Tally algorithm. LMO2
expression in diffuse large B-cell lymphoma ranges
in frequency from 40 to 55%.23,29,30 In the current
study, we introduced HGAL/GCET2 in addition to
the other previously described markers. HGAL/
GCET2 protein is specifically expressed in lympho-
cytes within the germinal center in normal lym-
phoid tissue revealing cytoplasmic expression by
immunohistochemistry. It has also been observed in
a wide range (40 to 70%) of diffuse large B-cell
lymphoma, with variable expression from strong
reactivity in the majority of lymphoma cells to
localized and even weak reactivity in a subset of the
cells.20,23,29

The Hans classifier11 was one of the initially
proposed algorithms with 87% of concordance with
germinal expression profiling results; germinal
center B subtype was defined as all cases expressing
CD10 and cases that were CD10-negative, BCL6-
positive, and MUM1- negative. All cases that were
CD10-negative and MUM1-positive, irrespective of
the BCL-6 result, were considered to be of non-
germinal center-B-subtype origin.

The Choi algorithm considered the expression of
GCET-1 and FOXP1 in addition to CD10, BCL6 and
MUM1, thereby adding one marker each from
germinal center B subtype and activated B cell-
derived gene signatures. GCET-1 (germinal center B-
cell-expressed transcript 1) is also highly restricted
to germinal center B-cells and germinal center B
cell-derived cell lines and lymphomas.27 The LMO2

protein has been described as highly expressed in
lymphocytes within the germinal center in normal
tonsils and lymph nodes. In germinal center B-cell-
derived cell lines and lymphomas, the staining is
localized to the nucleus.23 Besides the use of
markers, Choi algorithm also considers the order of
interpretation, being that GCET1 is the first one
evaluated followed by MUM1 or CD10, and then in
cases where GCET1/CD10 are negative, BCL6 fol-
lowed by FOXP1 is applied sequentially. In the Choi
algorithm, the overall concordance with GEP was 93
and 88% when R-CHOP-treated cases were ana-
lyzed.14 Meyer et al 16 built another algorithm (Tally)
using CD10 and GCET1 as germinal center B-cell-
markers and FOXP1 and MUM1 as activated B-cell
markers. The immunostaining results are not exam-
ined in a particular order and include another
germinal center B-cell-marker, LMO2,23 as a tie-
breaker when an equal number of germinal center
and activated antigens present a positive result.

The use of an immunohistochemistry algorithm
has been variably adopted diagnostically and has
been incorporated into the British Committee on
Standards in Hematology guidelines for lymphoma
diagnosis.24 It proposed the use of the same three
markers as Hans; however, the guidelines suggest
that the cases that are negative for all germinal
center markers and those that have one positive
germinal center marker and expresses MUM1,
should be designated unclassifiable cases.27

In a series of 157 cases of diffuse large B-cell
lymphoma studied by Gutierrez-Garcia et al,29 the
application of Colomo and Hans algorithms was
similar—41% of germinal center B-subtype and 59%
of non-germinal center B-subtype immunopheno-
type. In the same study using Choi and Tally’s
algorithms, the proportion of non-germinal center B
subtype assigned was significantly higher—67%
and 63% respectively. In our cases, by applying
the Choi algorithm without HGAL/GCET2, we found
similar result, 34% germinal center B subtype and
66% of non-germinal center B subtype, but when
HGAL/GCET2 was included, cases designated as
germinal center B subtype increased to 48%.

In conclusion, our findings show that HGAL/
GCET2 is an excellent germinal center B-cell-
specific marker whose inclusion in immunohistolo-
gical algorithms may be employed in the prognostic
stratification of diffuse large B-cell lymphoma
to improve the detection of the germinal center B
subtype subgroup compared with the three other
commonly used immunohistological algorithms.
The addition of HGAL/GCET2 may, therefore,
translate to a better approximation of immunohisto-
logically classified cases with that of gene
expression profiling. These findings, however,
should be confirmed in an independent cohort of
well-characterized cases and compared with gene
expression profiling results from the same cases for
appropriate validation before being used in the
clinical setting.
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