00

BLOOD

VOLUME 48 - NUMBER 4 ORIGINAL

December 2013

RESEARCH

ARTICLE

Prognostic value of immunohistochemical algorithms in
gastrointestinal diffuse large B-cell ymphoma

Hee Sang Hwang', Dok Hyun Yoon’, Cheolwon Suh’, Chan-Sik Park’, Jooryung Huh'

Departments of ' Pathology, >Oncology, University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea

p-ISSN 2287-979X / e-ISSN 2288-0011
http://dx.doi.org/10.5045/br.2013.48.4.266
Blood Res 2013;48:266-73.

Received on September 24, 2013
Accepted on November 14, 2013

*This study was partly supported by a grant
(no. 2011-090) from the Asan Institute for
Life Sciences, Seoul, Korea.

Correspondence to

Jooryung Huh, M.D., Ph.D.

Department of Pathology, University of
Ulsan College of Medicine, Asan Medical
Center, 88, Olympic-ro 43-gil, Seoul
138-736, Korea

Tel: +82-2-3010-4553

Fax: +82-2-472-7898

Background

Diffuse large B-cell ymphoma (DLBCL) is a heterogeneous clinicopathological entity, and
its molecular classification into germinal center B cell-like (GCB) and activated B cell-like
(ABC) subtypes using gene expression profile analysis has been shown to have prognostic
significance. Recent attempts have been made to find an association between im-
munohistochemical findings and molecular subgroup, although the clinical utility of im-
munohistochemical classification remains uncertain.

Methods

The clinicopathological features and follow-up data of 68 cases of surgically resected gas-
trointestinal DLBCL were analyzed. Using the immunohistochemical findings on tissue
microarray, the cases were categorized into GCB and non-GCB subtypes according to
the algorithms proposed by Hans, Muris, Choi, and Tally.

Results

The median patient age was 56 years (range, 26-77 years). Of the 68 cases included, 39.7%
(27/68) involved the stomach, and 60.3% (41/68) involved the intestines. The GCB and
non-GCB groups sorted according to Hans, Choi, and Tally algorithms, but not the Muris
algorithm, were closely concordant (Hans vs. Choi, k=0.775, P<0.001; Hans vs. Tally,
k=0.724, P<0.001; Choi vs. Tally, k=0.528, P<0.001). However, there was no prog-
nostic difference between the GCB and non-GCB subtypes, regardless of the algorithm
used. On univariate survival analyses, international prognostic index risk group and depth
of tumor invasion both had prognostic significance.

Conclusion

The Hans, Choi, and Tally algorithms might represent identical DLBCL subgroups, but
this grouping did not correlate with prognosis. Further studies may delineate the associa-
tion between immunohistochemical subgroups and prognosis.
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INTRODUCTION prognostic index (IPI), which uses a number of clinical and

laboratory parameters, is widely employed [6]. However,
the outcome of patients placed in the same risk group on

Diffuse large B-cell lymphoma (DLBCL), the most common
form of non-Hodgkin lymphoma, is a heterogeneous entity
encompassing a range of clinical and morphological features
[1]. Although the development of standard anthracyclin-
based chemotherapeutic regimen [2, 3] and adjunctive ritux-
imab immunotherapy [4, 5] has dramatically improved pa-
tient survival, up to 40% of patients eventually die of disease.
To predict the prognosis of DLBCL patients, the international

the basis of IPI is still somewhat variable, making the discov-
ery of additional prognostic factors an important goal [7].

DLBCL can be subdivided into germinal center B cell-like
(GCB) and activated B cell-like (ABC) types, based on gene
expression profiling (GEP), and each is associated with a
distinct prognosis [8, 9]. This was also confirmed in sub-
sequent studies conducted after the introduction of rituximab
for the treatment of DLBCL [10]. However, it is not practical
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to use GEP in routine clinical practice.

Recently, several algorithms have been proposed for dis-
tinguishing these subgroups, based on a panel of im-
munohistochemical stains for the germinal center B-cell
markers (CD10, BCL6, GCET1, and LMO2) and post-germi-
nal center B-cell markers (MUM1/IRF4 and FOXP1) [11-15].
Although the immunohistochemical staining method is rela-
tively simple and readily accessible compared with GEP and
gives comparable results, it remains unclear whether the
immunohistochemical classification can predict patient sur-
vival [16-19]. The aim of this study was to investigate the
prognostic significance of immunohistochemical subgroups
in gastrointestinal DLBCL and to evaluate the level of con-
cordance between the different algorithms.

MATERIALS AND METHODS

Case selection

Cases involving surgically resected gastrointestinal DLBCL
performed in the Asan Medical Center between January
1996 and March 2011 were included in this evaluation. Cases
treated using CHOP or rituximab-CHOP (R-CHOP) regi-
mens were included, while we excluded cases, in which
no chemotherapy or non-CHOP-based regimens were admi-
nistered. Cases of DLBCL arising in indolent B-cell lympho-
mas and posttransplantation lymphoproliferative disorders
were also excluded. The medical records were reviewed,
and clinical parameters such as age, gender, performance
status, serum lactate dehydrogenase (LDH) concentration,
and sites of involvement were documented. The depth of
invasion was stratified according to the T stage of individual
organs, [20] and tumor perforation was considered to repre-
sent serosal involvement. On the basis of this data, disease
stage according to the Lugano classification system and risk
group according to the IPI at presentation were assessed.

Pathological review and tissue microarray construction
Representative sections of the resected specimens were
reviewed and reassessed by two pathologists (H.S.H. and
J.H.). Representative paraffin-embedded tissue blocks of the
selected cases were chosen after review. Two independent
tumor cores (1 mm in diameter) were obtained using a tre-
phine apparatus from the tissue blocks. The extracted cores
were then consecutively embedded in void paraffin blocks.

Four recipient blocks containing 210 individual cores were
made. A 4-pm-thick representative section from each recipi-
ent block was stained with hematoxylin and eosin (H&E)
using the standard protocol.

Immunohistochemistry

Immunohistochemical staining for CD10, BCL2, BCLS6,
MUMI/IRF4, FOXP1, GCET1, and LMO2 were performed
on 4-um-thick sections from the tissue microarray block
using the BenchMark XT autostainer (Ventana Medical
Systems, Tucson, Arizona). Briefly, these sections were de-
paraffinized by xylene and ethanol. After epitope retrieval
(heating for 30 minutes in ethylene diamine tetraacetic acid
buffer, pH 8.0), samples were incubated with diluted primary
antibodies for 1 hour at room temperature. The slides were
washed again and incubated with multimer-labeled an-
ti-mouse or rabbit IgG (Ventana), after which staining was
developed using the UltraView staining kit (Ventana) accord-
ing to the manufacturer’s protocol. Finally, samples were
counterstained with hematoxylin. The manufacturers, clones,
and dilution titer of the primary antibodies are summarized
in Table 1. The staining results were interpreted by two
individual pathologists (H.S.H. and J.H.), and any discrep-
ancies were reviewed to achieve a consensus opinion. If
two separate cores from the same case had different signals,
these were averaged before evaluation.

The criteria by which a positive signal was defined were
the same as those used in previous studies (Fig. 1) [11-15].
For the interpretation of CD10, BCL2, and BCL6 im-
munohistochemical staining, the proportion of cells with
a positive signal, rather than the signal intensity, was consid-
ered to be more informative as staining intensity may vary
with tissue fixation and processing. However, for FOXP1,
only strong nuclear staining in a significant proportion of
tumor cells was considered to be a positive signal.

Immunohistochemical algorithms

Using the results of immunohistochemistry, the submitted
cases were classified into GCB or non-GCB subtypes based
on the previously established algorithms. The classifications
were automatically performed using programmed formulas
in Microsoft Excel 2003 (Microsoft Corporation, Redmond,
Washington). The diagrammatic representation of algo-
rithms and the criteria for positive immunohistochemical
staining are shown in Fig. 2.

Table 1. Primary antibodies used for immunohistochemical staining and their dilution.

Antibody Manufacturer Clone Dilution
CD10 Novocastra, Newcastle upon Tyne, UK 56C6 1:25
BCL2 DAKO, Glostrup, Denmark 124 1:100
BCL6 Cell marquee, Rocklin, CA GI191E/A8 1:200
MUM1/IRF4 DAKO, Glostrup, Denmark MUM1p 1:100
FOXP1 Abcam, Cambridge, UK JC12 1:500
GCET1 Abcam, Cambridge, UK RAM341 1:25
LMO2 Ventana Medical Systems, Tucson, AZ 1A9-1 Prediluted
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Fig. 1. Examples of partially posit-
ive staining for each immunohisto-
chemical marker. (A) CD10 stain-
ing showing a positive reaction in a
small proportion of the tumor cells
(about 20%), which is considered
to be a negative result in all 4
algorithms (x100). (B) MUMT1
staining exhibiting reactivity in
about 40% of tumor cells, which is
considered to be positive in the
Hans and Tally algorithms but
negative in the Choi algorithm
(x100). (C) GCET1 positive stain-
ing in some tumor cells (about
30%), which is considered to be a
negative result in the Choi algori-
thm (x100). (D) LMO2 positive
staining in scattered tumor cells
with anaplastic nuclei (about 20%)
(X100).
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Fig. 2. Summary of the (A) Hans, (B) Muris, (C) Choi, and (D) Tally algorithms, and criteria for a positive signal for individual immunohistochemical
markers (below or to the right of the white-filled box). Note that the positive criterion for MUM1/IRF4 in the Choi algorithm (more than 80%) is

different from that of the other algorithms (more than 30%).
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Statistical analysis

The definition of complete remission (CR) was stand-
ardized and assessed clinically and radiologically [21]. To
evaluate the concordance between the algorithms described
above, the cases categorized by individual algorithms were
analyzed using Pearson’s chi-square test. The concordance
rates and kappa coefficients were calculated to determine
the degree of agreement between the algorithms.

Progression-free survival (PFS) was defined as the period
from the day of initial diagnosis to the day of recurrence,
death, or the last follow-up. Similarly, the overall survival
(OS) was defined as the period from the day of initial diagnosis
to death or the last follow-up. The follow-up period was
limited to 5 years. The PFS and OS distributions with respect
to individual markers and immunohistochemical subtypes
were evaluated by Kaplan-Meier survival analysis, and the
differences between survival curves were evaluated using
the log-rank test. The above statistical evaluations were per-
formed using the SPSS Statistics 17.0 software (SPSS Inc.,
Chicago, Illinois). Differences were considered to be statisti-
cally significant if the P<0.05.

RESULTS

Baseline characteristics

The overall clinical characteristics of the 68 patients are
summarized in Table 2. The mean age of the patients was
55.5 years (range, 26-77 years). Twenty-four of the 68 pa-
tients were older than 60 years (35.3%), and there were
more male patients than female patients (M/F, 1.61:1). Ten
and 19 patients showed B symptoms and high serum LDH
levels at presentation, respectively. All of the patients had
a good performance status (ECOG performance status <1),
and most had a low Lugano stage and IPI scores (Lugano
stage I or II1, 67.6%; Low IPI risk group, 70.6%) at
presentation. In most cases (70.6%), the tumor extended
beyond the proper muscle and involved the adipose tissue
or serosa. Thirty (44.1%) of the 68 patients received R-CHOP
chemotherapy, and in contrast to previous reports, there
was no statistically significant difference in the remission
rate between patients receiving R-CHOP and those receiving
CHOP only (P=0.436).

The follow-up time ranged from 4.7 to 171.6 months
(median, 45.9 months). Sixty patients (88.2%) achieved CR;
96.3% of gastric primary DLBCL cases and 82.9% of intestinal
DLBCL cases archived CR. One patient with partial remission
achieved long-term remission when treated using a ifosfa-
mide-based regimen. The disease progressed in a further
7 cases (10.3%), and eventually, 8 patients (11.8%) died,
with a median follow-up period of 11.3 months (range, 4.7-
24.9 months), due to progressive disease in 7 cases and pulmo-
nary small cell carcinoma in 1 case. The overall 5-year surviv-
al rate was 88.2% (60/68); 85.2% and 90.2% for cases involv-
ing the stomach and intestines, respectively.

When univariate survival analyses for OS were performed,
IPI risk group (P=0.011) (Fig. 3A) and tumor invasion depth

(P=0.023) (Fig. 3B) proved to be significant predictive factors
for patient survival. Other parameters such as Lugano stage
(Fig. 3C), B symptoms, and high-serum LDH were not sig-
nificantly associated with survival.

Immunochemistry and immunohistochemical classifications

The results of immunostaining for individual proteins and
immunohistochemical classification according to the differ-
ent algorithms are shown in Tables 3 and 4, respectively.
Cross-tabulation analyses between pairs of algorithms re-
vealed that 3 of the 4 algorithms (Hans, Choi, and Tally)
agreed substantially with each other (Hans vs. Choi, x=0.775,
P<0.001; Hans vs. Tally, «=0.724, £<0.001; Choi vs. Tally,
k=0.528, P<0.001). However, though statistically sig-
nificant, the Muris algorithm showed only a relatively weak
agreement with each of the other algorithms (vs. Hans,
k=0.351, £<0.001; vs. Choi, k=0.393, P=0.001; vs. Tally,
k=0.216, P=0.004; Table 5). All the algorithms (except Muris)
gave similar case distributions, with identical results in 54
(79.4%) of 68 cases. However, the concordance of the Muris
algorithm with the other 3 algorithms did not reach this
level (vs. Hans, 63.2%; vs. Choi, 67.6%; vs. Tally, 52.9%).

The 7 discordant cases between the Hans and Choi algo-
rithms were interpreted as a non-GCB subtype by the former
and a GCB subtype by the latter. Most of these cases showed
partial MUMI1/IRF4 immunoreactivity (about 30-50%),

Table 2. Baseline characteristics of assigned cases (N=68).

Parameters N (%) P
Patients older than 60 years 24 (35.3) 0.353
Site of involvement 0.926

Stomach 27 (39.7)
Small intestine 11 (16.2)
Large intestine 30 (44.1)

B symptoms 10 (14.7) 0.797

High serum LDH 19 (27.9) 0.896

Lugano stage 0.065
| 20 (29.4)

1l 26 (38.2)
11, 6 (8.8)
11E 4 (5.9)
\% 12 (17.6)

Depth of invasion 0.023"
T1 7 (10.3)

T2 13 (19.1)
T3 28 (41.2)
T4 20 (29.4)

IPI risk group 0.011”
Low 48 (70.6)
Low-intermediate 13 (19.1)
High-intermediate 5(7.4)

High 2(2.9)

Patients receiving rituximab 30 (44.1) 0.436
Response to therapy <0.001”
Complete remission 60 (88.2)
Partial remission 1(1.5)
Nonresponder/progression 7 (10.3)

PLog-rank test. "Statistically significant parameters.
Abbreviations: IPl, international prognostic index; LDH, lactate
dehydrogenase.
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which was considered as positive in the Hans algorithm,
but negative in the Choi algorithm. All the cases expressed
one or more newly developed GCB markers (GCET1 and
LMO?2) but also expressed FOXP1 in 4 cases (Table 6).

Similarly, the 7 discrepant cases between the Hans and
Tally algorithms were interpreted as a GCB subtype by the
former and a non-GCB subtype by the latter. All the cases
expressed at least one of the conventional GCB markers,
CD10 (6 of 7 cases) and/or BCL6 (5 of 7 cases). However,
GCET and LMO2 were only expressed in a single case and
in 2 cases, respectively (Table 7). In addition, partial im-
munoreactivities for MUM1/IRF4 were observed in 4 cases,
and FOXP1 expression was observed in 5 cases.

The 14 discordant cases between the Choi and Tally algo-
rithms were the same as those described above. All of these
cases were classified as GCB by the Choi algorithm but as
non-GCB by the Tally algorithm.

Prognostic significance of immunohistochemical classifica-
tions

The results of the univariate survival analyses for the in-
dividual markers and immunohistochemical classifications
are summarized in Table 8. None of the immunohistochem-

B Depth of invasion
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0 T2 T1
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®
2
c
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» 0.6 1
G
=
3 0.4
©
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[
& 02-
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Overall survival (months)

Fig. 3. Kaplan-Meier survival analyses with respect to the (A) IPI risk
group, (B) depth of tumor invasion and (C) Lugano stage.

Table 3. Scoring of the different immunohistochemistry stains
using individual antibodies.

Antigen Positive, N (%) Negative, N (%)

CD10 14 (20.6) 54 (79.4)
BCL2 34 (50.0) 4 (50.0)
BCL6 34 (50.0) 4 (50.0)
MUMT1/IRF4 Hans® 37 (54.4) 31 (45.6)

Choi” 12 (17.6) 56 (82.4)
FOXP1 45 (66.2) 3(33.8)
GCET1 19 (27.9) 9(72.1)
LMO2 22 (32.4) 46 (67.6)

“Results according to the Hans algorithm criteria (nuclear staining
>309%). "Results according to the Choi algorithm criteria (nuclear
staining =80%).

ical classifications were significantly associated with OS.
However, cases of non-GCB type disease, as defined by the
Tally algorithm, exhibited worse PFS with marginal sig-
nificance (£<0.1). No single immunohistochemical marker
was significantly associated with OS or PFS. Nevertheless,
BCL2 and LMO?2 expression had a borderline association
with unfavorable OS and favorable PFS, respectively (P

Blood Res 2013;48:266-73.
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Table 4. Cross-table analysis of the distribution of the GCB and non-GCB subtypes according to 3 different algorithms.

Choi Tally
Total
GCB Non-GCB GCB Non-GCB
Hans GCB 20 (29.4%) 0 13 (19.1%) 7 (10.3%) 20 (27.9%)
Non-GCB 7 (10.3%) 41 (60.3%) 0 48 (70.6%) 49 (72.6%)
Tally GCB 13 (19.1%) 0 13 (19.1%)
Non-GCB 14 (20.6%) 41 (60.3%) 55 (80.9%)
Total 27 (39.7%) 41 (60.3%) 13 (19.1%) 55 (80.9%) 68 (100%)

P<0.001 in all the 3 chi-square analyses.
Abbreviation: GCB, germinal center B-cell-like.

Table 5. The concordance rate and degrees of agreement between all the 4 algorithms in the gastrointestinal diffuse large B-cell lymphomas.

Choi Tally

Muris
Hans 63.2% (k=0.351)
Muris -
Choi -

89.7% (k=0.775") 89.7% (xk=0.724")
67.6% (k=0.393) 52.9% (k=0.216)
- 79.4% (k=0.528")

ISubstantial agreement. ”Moderate agreement.

Table 6. Immunohistochemistry profiles of discrepant cases: Hans versus Choi algorithms.

Case CD10 BCL2 BCL6 MUMT (Hans) MUMT1 (Choi) GCET1 FOXP1 LMO2 Hans Choi
1 - - + + - + - + Non-GCB GCB
2 - - + + - + + + Non-GCB GCB
3 - - + + - - - + Non-GCB GCB
4 - - + + - - - + Non-GCB  GCB
5 - + + + - + + + Non-GCB GCB
6 - - - - - + + - Non-GCB GCB
7 - + - + - + + - Non-GCB GCB
Abbreviation: GCB, germinal center B cell-like.
Table 7. Immunohistochemistry profiles of discrepant cases: Hans versus Tally algorithms.
Case CD10 BCL2 BCL6 MUMT (Hans) MUM1 (Choi) GCET1 FOXP1 LMO2 Hans Tally
1 - - + - - + + - GCB Non-GCB
2 + + + + - - + + GCB Non-GCB
3 + + + - - - + + GCB Non-GCB
4 + - - + - - - - GCB  Non-GCB
5 + - + - - - + - GCB Non-GCB
6 + - + + - - + - GCB Non-GCB
7 + - - + - - - - GCB Non-GCB
Abbreviation: GCB, germinal center B cell-like.
<0.1). In localized disease, the non-GCB subgroup defined
) group DISCUSSION

by the Hans algorithm also had a borderline association
with worse PFS (£<0.1). For the single markers, BCL6 ex-
pression was also associated with favorable OS and PFS,
but again with marginal significance. No other single marker
was significantly associated with OS and PFS.

The categorization of DLBCL based on molecular subtype
was proposed several years ago and is an attractive approach
for both clinicians and researchers, as it is a reproducibly
predictive factor for patient survival, and also a key determi-
nant in the choice of chemotherapeutic regimen, for example,

bloodresearch.or.kr
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Table 8. Univariate survival analyses of immunohistochemical
markers and algorithms.

Whole cases Localized disease”
Parameter
P (0S)” P (PFS)” P (0S)” P (PFS)”
CD10 0.556  0.308 0.283  0.150
BCL2 0.090° 0.295 0.185  0.937
BCL6 0.165  0.112  0.072° 0.091°
MUMT/IRF4  Hans® 0.962  0.401 0299  0.202
Choi® 0247 0123 0393  0.209
FOXP1 0.949 0.993 0.647 0.738
GCET1 0.756  0.438  0.202  0.406
LMO2 0.183  0.073° 0.172  0.325
Hans algorithm 0.782 0.129 0.205 0.089°
Muris algorithm 0.588 0.736  0.289  0.980
Choi algorithm 0.852  0.364 0.124  0.218
Tally algorithm 0.508 0.082° 0.310 0.176

?From Lugano stage | to IIE. "Log-rank test. “Results according to the
criterion for Hans algorithm (nuclear staining >30%). “Results
according to the criterion for Choi algorithm (nuclear staining =80%).
“Borderline significant parameter (P<0.1).

Abbreviations: OS, overall survival; PFS, progression-free survival.

those including bortezomib [22, 23]. However, the clinical
application of molecular subtype classification is limited be-
cause GEP is time-consuming, expensive, and involves a
complex analysis. As described earlier, the proposed methods
using immunohistochemistry can generally predict molec-
ular subtype. However, its utility in predicting patient surviv-
al remains uncertain.

The cross-tabulation analyses against the immunohisto-
chemical algorithms revealed that there was substantial con-
cordance among those proposed by Hans, Choi, and Tally
but was relatively weak between these and the Muris
algorithm. Detailed comparisons revealed that the discordant
cases between the 3 algorithms occurred either as a result
of additional, new immunohistochemical markers (GCET1,
FOXP1, and LMO?2) or of differences in the way that a
positive score is defined (MUMI1/IRF4). Despite this, the
high concordance rate among the 3 algorithms indirectly
suggests that they may delineate the same subgroup of
DLBCL. Although we have not performed GEP to confirm
this, previous researches reproducibly demonstrated a sig-
nificant correlation between molecular and immunohisto-
chemical subtypes [11, 13, 15].

The limitations of our study are its retrospective character,
small sample size, higher proportion of cases with low-stage
disease (Lugano stage I or II1, 67.6%), relatively localized
disease (Ann Arbor stage I or II, 82.4%), low IPI score
(low-risk group, 70.6%) and better patient survival than in
other studies (5-year survival rate, 88.6%). Despite the con-
cordant results obtained using the different algorithms, our
findings fail to demonstrate any prognostic value for im-
munohistochemical subtypes, in agreement with the pre-
vious study [18]. Taken together, these limitations might
have obscured the potential prognostic value of the im-
munohistochemical subtypes. Further evaluation of other
DLBCL cases, such as those not involving surgery or in which

the cancer has been spread to the lymph nodes, is needed
to better establish the prognostic value of immunohistochem-
ical subtypes. Furthermore, the addition of novel germinal
center or post-germinal center markers may further improve
the prognostic value of the algorithms.

Previous studies have demonstrated that the expression
of some immunohistochemical markers, mainly BCL2, BCL6,
and LMO2, is associated with patient survival. Specifically,
BCL6 and/or LMO?2 expression is associated with a good
prognosis, while BCL2 expression is associated with a poor
prognosis [24-29]. Our data demonstrated that these markers
have a marginal but not significant association with pro-
gnosis. As with the immunohistochemical subtypes, this dis-
crepancy may be attributable to the relatively high pro-
portion of cases in this study involving low-stage disease,
a high survival rate, and surgical resection. Their prognostic
value might be better evaluated if more resected cases were
included.

We also found that the invasion depth of the tumor is
significantly associated with patient survival. In fact, the
invasion depth in gastrointestinal lymphoma has not gen-
erally been considered important because most patients with
gastrointestinal DLBCL have initially undergone chemo-
therapy rather than surgery. Thus, the relationship between
this factor and patient prognosis has not previously been
reported. However, a recent multicenter study found that
primary surgical resection was associated with a favorable
prognosis in cases of intestinal DLBCL [30], encouraging
the use of surgical resection as the primary treatment after
diagnosis. If primary surgery for gastrointestinal DLBCL be-
comes more widely used, the evaluation of invasion depth
in resected specimens might become more useful for predict-
ing patient survival.
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