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Abstract
Background: The cell of origin (COO) in diffuse large B-cell lymphoma (DLBCL) has prognostic importance. 

While the COO was originally classified into germinal center B-cell (GCB) or activated B-cell (ABC) subtypes by 
microarray analysis, routine use was not practical. Immunohistochemistry (IHC)–based methods are widely used 
with varying results due to lack of standardization. Several classification methods have been developed recently; 
understanding the concordance between these and existing methods is essential to their practical application. 
Therefore, we evaluated concordance between 3 commercial assays: a standardized Hans-based IHC method and 
2 gene expression profiling (GEP) methods and compared these to the accepted microarray classification.

Methods: 137 DLBCL-confirmed tumor samples were evaluated using a standardized Hans-based IHC method 
for GCB or non-GCB subtype, by a published microarray-based assay, a digital gene expression-based Lymphoma 
Subtyping Test (LST) and a next-generation sequencing-based assay (EdgeSeq COO). Subtype calls from the 3 
GEP methods were harmonized to “GCB” or “non-GCB” and assessed for concordance.

Results: Concordance between the Hans-based IHC assay and the microarray-based assay, LST assay and 
EdgeSeq assay was 79.6% (N=137), 80.0% (N=125) and 78.2% (N=64), respectively; the positive percent agreement 
(PPA) in non-GCB was 88.9%, 87.0% and 78.1%, respectively. Concordance for the Hans-based IHC assay versus 
GEP methods was especially high for direct GCB calls (91.0%, 88.3% and 78.1% for microarray, LST and EdgeSeq 
COO methods, respectively). The newly developed GEP assays performed well against the microarray GEP method, 
against which they were calibrated (concordance 93.7% and 87.5% and PPA 94.3% and 92.9%, respectively, for 
LST and EdgeSeq COO).

Conclusion: These results demonstrated good consistency between various platforms for stratification of 
DLBCL into COO subtype classifications. Application of a standardized Hans-based IHC assay offers a robust, rapid 
and easily accessible platform to classify DLBCL into prognostically important subtypes.

Keywords: Diffuse large B-cell lymphoma; Hans-based 
immunohistochemistry; Gene expression profiling

Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common 

type of lymphoma, accounting for 30% to 35% of non-Hodgkin 
lymphoma [1,2]. DLBCL is a heterogeneous disease and has distinct 
molecular subtypes based on the cell of origin (COO). Methods such 
as immunohistochemistry (IHC) and gene expression profiling (GEP) 
are among the more common approaches used to classify subtypes 
of DLBCL. GEP using DNA microarrays has been the standard 
experimental approach to molecularly classify DLBCL into major COO 
subtypes: germinal center B-cell–like (GCB), activated B-cell–like 
(ABC) and primary mediastinal B-cell lymphoma (PMBL) [3-6]. The 
small number of patients who cannot be classified clearly into these 
molecular subtypes are referred to as “unclassified” (UNC).

Depending on the molecular subtype, the pathobiology of the 
disease is diverse; other than PBML, the initial clinical presentation 
of each subtype is similar but associated with very different clinical 
outcomes and large underlying molecular diversity. Of these biological 
factors, the COO has proved to be the most important, and it is now 
accepted that COO is a prognostic factor in DLBCL [7-9].

DLBCL subtypes respond to therapy in very different ways [10]. For 
example, patients with ABC DLBCL who failed R-CHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine and prednisone) therapy 

have shown favorable responses to the Bruton’s tyrosine kinase (BTK) 
inhibitor ibrutinib [11] or the immunomodulatory drug lenalidomide 
[12], alone or in combination with chemotherapy. This provides a 
rationale for the selective development of treatments for subtypes of 
DLBCL classified by COO, which further emphasizes the need for rapid 
and accurate identification of these subtypes.

Most patients with PMBL have a favorable outcome with a 3-year 
overall survival rate of 97% [2]. In clinical practice today, PMBL is 
easily diagnosed by other methods; thus, DLBCL COO classification 
efforts have focused on distinguishing the remaining subtypes.

The accepted standard for classification of DLBCL subtypes has 
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been using microarray GEP [13]. However, a reproducible, easy-to-use 
and validated microarray-based GEP assay for DLBCL subtyping has 
not been accessible to all medical communities and any microarray 
GEP-based approach generally has a turnaround time of 2 to 3 weeks, 
which makes it difficult to implement as a prospective selection marker. 
Therefore, routine clinical practice in DLBCL has used standard IHC-
based methods, which are widely available in most clinical settings, 
to classify patients for therapy. Much effort has been dedicated to 
developing robust IHC assays using various combinations of CD10, 
BCL6, BCL2, MUM1/IRF4, FOXP1, GCET1 and LMO2 proteins, all 
of which have been identified as having differential expression in the 
DLBCL subtypes. These markers have been used to develop at least 9 
different IHC tests [14]. The Hans method was developed in 2004, based 
on 3 markers: CD10, BCL6 and MUM1/IRF4 [15], and has remained 
the most popular due to its simplicity with only 3 widely used markers, 
a consistent 30% cutoff for all 3 markers and demonstrated prognostic 
value. This binary algorithm segregates patients into 2 groups – GCB 
(in 42% of patients) and non-GCB (in 58% of patients) – instead of the 
continuum from which discrete classes are derived from population-
based numeric cutoffs [15]. The non-GCB group incorporates the ABC 
subtype along with the unclassified group, and as with ABC DLBCL, 
these non-GCB patients have a less favorable outcome with standard 
immunochemotherapy [16]. Algorithms for IHC have 80% to 87% 
concordance with GEP and have gained the most clinical acceptance 
[17-19]. However, there can be limitations to using IHC algorithms, 
including reproducibility concerns and variability between laboratories; 
also, the various IHC methods have not been uniformly reported to have 
the same prognostic utility as GEP [20,21]. A standardized Hans-based 
IHC kit has recently been developed to overcome these limitations and 
is currently in clinical development as a companion diagnostic in a 
large randomized phase III trial evaluating the activity of ibrutinib in 
combination with R-CHOP versus R-CHOP alone in non-GCB DLBCL 
patients (NCT01855750) [22].

It is critical to understand the degree of concordance between 
IHC and GEP methods in classifying DLBCL subtypes, particularly 
as other gene expression-based methods that attempt to reproduce 
the microarray-based classification have been developed. Some assays 
are commercially available, including the Lymphoma Subtyping Test 
(LST) assay (NanoString, Seattle, WA, USA) and the next-generation 
sequencing (NGS) EdgeSeq COO assay (HTG Molecular, Tucson, 
AZ, USA). The LST assay is a commercially available assay in which 
20 digital color-coded gene probes hybridize directly to specific 
nucleic acid targets, thereby allowing detection and quantification 
of many RNA transcripts in a single reaction [23]; it uses formalin-
fixed, paraffin-embedded (FFPE) diagnostic blocks and was validated 
using matched frozen tissue [23,24]. This assay is currently under 
development as a companion diagnostic to enroll subjects in a study 
evaluating R-CHOP±lenalidomide in ABC DLBCL patients [25]. The 
EdgeSeq COO assay is another commercially available GEP-based 
assay to quantitate gene expression and infer a DLBCL subtype [26]. 
This method has its own proprietary chemistry, utilizes very little 
sample and produces classification results matching microarray-
based GEP. However, this is a novel technology, and it is important to 
evaluate the performance against the other accepted technologies in 
the field. These GEP methods have their own limitations in that they 
are not yet widely available worldwide, require unique and expensive 
instrumentation, combine RNA from nonhomogeneous samples with 
widely varying tumor cell percentages, and it can be difficult to obtain 
sufficient high-quality RNA from FFPE diagnostic blocks or slides for 
all patients [24]. In contrast, IHC is more amenable for use with FFPE 

samples and allows more subtle evaluation of the sample and staining 
characteristics by a pathologist.

Each methodology described has its own limitations; however, 
optimized assays using some of these methodologies are becoming 
commercially available, and thus multiple assays may be used to identify 
DLBCL patients and select the optimum therapy in the clinic. Therefore, 
it becomes important to compare multiple platforms and evaluate 
the concordance between these IHC and GEP assays, as well as the 
concordance across the different GEP assays. To this end, we compared 
the Hans-based IHC assay with the traditional microarray GEP-based 
method and the novel gene expression-based assays described above 
under standard conditions, using the same set of clinical specimens.

Materials and Methods
Tissue samples

All clinical samples used in this study were from FFPE blocks 
purchased from Molecular Response (San Diego, CA, USA) or 
Conversant Bio (Huntsville, AL, USA), and obtained with informed 
consent. All samples were reviewed by a certified pathologist to 
confirm the disease diagnosis and verify tumor content before IHC or 
GEP analysis. A total of 194 samples were first evaluated for disease 
diagnosis confirmation and then tested.

Sample preparation, RNA extraction and GEP

6 sections of 10 μm each were cut from the tissue block per sample 
and de-paraffinized using xylene as described in the AllPrep DNA/
RNA handbook from QIAGEN (Valencia, CA, USA). Total RNA was 
isolated using the AllPrep DNA/RNA FFPE Kit (QIAGEN, catalog 
#80234). Quality of RNA was assessed using an OD 260:280 ratio 
between 1.35 and 2.39, and the amount of DNA and RNA quantified 
using the NanoDrop ND8000 (Thermo Scientific, Waltham, MA USA) 
spectrophotometer.

Hans-based IHC assay

A Hans-based IHC method was used for testing at the IHC testing 
laboratory (Dako Laboratories, Carpinteria, CA, USA). This standardized 
Hans method was based on expression of CD10, BCL-6 and MUM1/
IRF4 expression in FFPE diagnostic blocks, and depending on the 
sequential combination of expression that was observed, a sample was 
designated as GCB or non-GCB. The details of the method are described 
in the manuscript by Hans et al. [15]. Briefly, the samples were designated 
as GCB if they had either high CD10 or combination of low CD10, high 
BCL6 and low MUM1/IRF4 (Figure 1).

Microarray gene expression profiling

There are overlapping signature genes between each GEP platform 
as well as the genes corresponding to the proteins comprising the 
Hans-based IHC assay (Figure 2). Approximately 100 ng of RNA from 
each sample (where the RNA quality was adequate and concentration 
was at least 6 ng/μL) was amplified using the SensationPlus FFPE 
RNA Amplification Kit, and cDNA was labeled with biotin using 
the 3'IVT Labeling Kit (Affymetrix, Santa Clara, CA, USA; catalog 
#901228). GEP was performed with the Affymetrix U133 Plus 2.0 
Array according to the manufacturer’s manual. Washing and staining 
processes were performed using the GeneChip hybridization wash 
and stain kit (Affymetrix, catalog #900720). The resulting data were 
MAS5-normalized using the DNAcopy algorithm (www.bioconductor.
org), and the expression measures for 200 probe sets were combined 
into a linear predictor score and DLBCL subtype was determined as 
previously reported [27].

http://www.bioconductor.org
http://www.bioconductor.org
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Lymphoma subtyping test assay for DLBCL classification

Total RNA was extracted as described above, and it was ensured 
that samples had approximately 100 ng of RNA before they were 
assessed using the research-use–only version of the LST, which uses a 
set of 5 housekeeping genes and 15 genes to differentiate between the 
ABC and GCB subtypes. The details of the assay methodology have 
been reported elsewhere [23].

EdgeSeq COO assay for DLBCL classification

Total RNA was extracted as described above and evaluated for 
DLBCL classification using the EdgeSeq COO platform, which is an 
NGS-based assay first reported in 2011 [26]. The list of genes has stayed 
constant, but revisions to the assay have been made to incorporate 
recent sequencing technology and to reduce the sample input.

Sample classification for concordance

In order to compare to the Hans-based IHC method, the sample 
subtype calls from the GEP methods were harmonized to either “GCB” 
or “non-GCB.” All GCB calls remained GCB, and any “ABC” or “UNC” 
subtype calls from the microarray, LST and EdgeSeq COO platforms 
were converted to “non-GCB.” Concordance between any pair of 
assays was calculated only using the total number of samples that 
could be called by  both of those assays. Overall percent agreement and 
asymptotic 95% confidence intervals (CI) are presented. To determine 
the positive percent agreement (NPA) and negative percent agreement 
(NPA) (along with asymptotic 95% CI), the microarray-based or, more 
generally, the GEP-based subtyping methods served as nonstandard 
references in each comparison.

Results
Of the 194 samples first evaluated for disease diagnosis confirmation, 

137 were confirmed as DLBCL and had sufficient material available for 
both IHC and at least 1 GEP-based method. Among these, an almost 
equivalent number were GCB and non-GCB according to the Hans-
based IHC assay: 48.9% (67/137) and 51.1% (70/137) of the samples, 
respectively. The median age of the patients sampled was 69 years, and 
45.0% were male. 56.3% of patients received prior therapy.

Concordance of the Hans-based IHC method versus the 
microarray assay

All 137 samples evaluated by the Hans-based IHC method 
were compared with the DNA microarray-based GEP method. The 
microarray algorithm classified 36 of the 137 samples as ABC, 18 as UNC 
and 83 as GCB (Figure 3A). The agreement between the 2 methods was 
generally better for non-GCB than for GCB calls, with only 1/36 ABC 
(by microarray) sample being called GCB by IHC. Of the 54 samples 
called non-GCB by microarray GEP, 48 were also called non-GCB by 

Hans-based IHC, leading to a PPA between these 2 methods in calling 
non-GCB (using the GEP method as nonstandard reference) of 48 of 
54, 88.9% (95% CI, 80.5-97.3). Interestingly, the NPA in the assignment 
of GCB was lower (61/83, 73.5%; 95% CI, 64.0-83.0), suggesting that the 
larger variance between the methods was aligned with GCB calls. The 
overall concordance for these 2 methods in identifying either subtype 
was 109 of 137, 79.6% (95% CI, 72.8-86.3) (Figure 3A).

Concordance of the Hans-based IHC method versus LST

A total of 125 samples were classified by both the Hans-based 
IHC assay and the LST. Of these, the LST classified 41 samples as 
ABC, 13 as UNC and 71 as GCB. Of the 54 samples that were called 
non-GCB using LST, 47 were also classified as non-GCB using the 
Hans-based IHC assay, giving a PPA of 47 of 54, 87.0% (95% CI, 78.1-
96.0). For GCB, 53 of the 71 samples called GCB using the LST were 
also called GCB by the Hans-based IHC assay, leading to an NPA 
of 53 of 71, 74.6% (95% CI, 64.5-84.8). Overall concordance for the  
Hans-based IHC assay with the LST method was nearly identical 
(100/125, 80.0%; 95% CI, 73.0-87.0) to that with the microarray-GEP 
method (Figure 3B).

Concordance of Hans-based IHC method versus EdgeSeq 
COO assay

The EdgeSeq COO assay uses a completely different technology 
(NGS) compared with other GEP methods to quantitate the RNA 
expression levels, and we compared this to the Hans-based IHC method 
as well as the other GEP methods. Only a total of 64 samples were 
available for testing by the EdgeSeq COO assay, which were classified 
as 28 ABC, 4 UNC and 32 GCB. Of these, 32 were called GCB and 32 
were called non-GCB by the Hans-based IHC assay. Within this smaller 
subset, for each of the GCB and non-GCB groups, 25 of 32 calls were 
aligned, demonstrating an overall concordance of 50 of 64, 78.1% (95% 
CI, 68.0-88.3) (Figure 3C).

Concordance between gene expression profiling assays

It was of interest to compare the newer GEP approaches with that of 
the traditional microarray-based assay because, unlike the IHC methods, 
they all measure RNA expression on completely different technology 
platforms. Similar to the microarray assay, the LST and EdgeSeq assays 
were developed to have 3 categories (ABC, GCB and UNC). So, to 
compare the concordance between these methods and the IHC results, 
these were assigned to GCB and non-GCB categories as described in 
the Materials and Methods. During their development, the LST and 
EdgeSeq COO assays were calibrated to the published microarray-
based GEP method. As expected, the LST method showed a high level 
of overall concordance with microarray at 93.7% (118/126), including 
correct assignment of all 35 ABC samples identified by microarray. 
The PPA was 94.3% (50/53) and the NPA was 93.2% (68/73) using the 

 
Figure 1: Hans-based immunohistochemistry algorithm for identifying GCB subtype DLBCL. DLBCL: Diffuse Large B-Cell Lymphoma; GCB: Germinal Center B-Cell–Like.
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Figure 2: GEP signature genes. Genes encoding the Hans-based IHC markers are indicated as bolded text. The overlap of the 14 COO markers from the EdgeSeq 
COO method are indicated in parentheses. COO: Cell of Origin; GEP: Gene Expression Profiling; IHC: Immunohistochemistry; LST: Lymphoma Subtyping Test.

microarray GEP method as the reference. Interestingly, the LST assay 
classified a total of 42 samples as ABC, which also included 2 GCB and 
5 UNC samples as defined by microarray, leading to a concordance of 
83.3% in identifying ABC between these 2 GEP methods. The EdgeSeq 
COO assay showed good overall concordance with the microarray 
method (56/64, 87.5%) with a PPA of 92.9% (26/28) and an NPA of 
83.3% (30/36), demonstrating consistency between GCB and non-GCB 
assignments for the tested, method-aligned GEP approaches.

Concordance of all assays across each sample

Overall, the distribution of ABC, UNC and non-GCB was similar 
by the GEP assays, but with some notable trends (Figure 4A). It is 
interesting that the EdgeSeq assay reports fewer UNC calls (6.3%) 
than the other 2 GEP methods (13.1% and 10.4% for microarray and 
LST, respectively), with a concurrent increase in the percentage of 
ABC (43.8% by EdgeSeq vs 26.3% and 32.8% for microarray and LST, 
respectively). Figure 4B shows the collection of all samples used in 
this study and displays the assay identification for each. In the vertical 
extremes of the figure, it is clear that the calls for each sample are 
highly concordant. However, in the region surrounding the UNC calls 
generated by the microarray method, the concordance becomes less 
evident. Nonetheless, the comparison of different assays shows that 
overall, the concordance and the PPA for non-GCB calls between the 
Hans-based IHC assay and the 3 GEP assays are similar (concordance 
of 79.6%, 80.0% and 78.1% and PPA of 88.9%, 87% and 78.1% for 
the microarray-based, LST and EdgeSeq assays, respectively) and 
comparable to that between the GEP assays themselves (Figure 4C).

Discussion
With the progressive advancement of biomarkers over the past 

decade, there has been a greater appreciation for heterogeneity of 
diseases. In our study, 26.3% to 43.7% of the DLBCL samples were 
classified as ABC, 50.0% to 60.6% as GCB and 6.3% to 13.1% as UNC. 
The distribution of these main subtypes is generally consistent with 
previous reports [4,28].

COO has shown to be a prognostic factor in DLBCL [7,9,29]. In a 
retrospective analysis of de novo cases of DLBCL using the Hans IHC 
approach as surrogate for GEP-based COO molecular classification, the 
non-GCB subtype was associated with a higher risk of progression and 
reduced survival when conventional R-CHOP regimens are used [7]. 
In another study, the Hans method has been used in the clinical trial 
LNH 03-2B to show that low to intermediate risk (per the International 
Prognostic Index) non-GCB DLBCL patients had a survival advantage 
when treated with dose-intensive R-ACVBP (rituximab, doxorubicin, 
cyclophosphamide, vindesine, bleomycin and prednisone) compared 
with standard R-CHOP therapy [30]. Chronic active B-cell receptor 
signaling has been demonstrated in the ABC subtype of DLBCL [31], 
which appears to be particularly responsive to BTK inhibitors [32], 
suggesting that future studies may be able to identify rational targets for 
drug intervention in DLBCL subtypes identified using COO. However, the 
prognostic value of COO has not been confirmed with other classifications 
or treatment regimens. For example, in a retrospective study using 
samples from the RICOVER-60 and R-Mega-CHOEP trials in patients 
with DLBCL, where COO subgroups were identified via Lymph2Cx and 
IHC assays, COO profiling alone failed to identify prognostic subgroups, 
although MYC/BCL2 double expression was predictive of poor survival 
[33]. Furthermore, some treatment regimens may be effective across 
DLBCL subtypes. For example, in a phase Ib study evaluating ibrutinib 
plus R-CHOP in treatment-naïve CD20-positive B-cell NHL, all patients 
(n=23) with DLBCL had a complete or partial response for an overall 
response rate of 95%. Interestingly, of the patients who were subtyped by 
Hans-based IHC, 2 (100%) with non-GCB subtype but only 5 of 7 (71.4%) 
with GCB subtype had a complete response [34].

The field of DLBCL has been inundated with several assays, each 
attempting to differentiate between the GCB, ABC, UNC or the non-
GCB cohorts. In our study, a single standardized Hans-based IHC assay 
was used as a base or reference method against which select GEP methods 
were compared. While each assay has its own limitations, the availability 
of a standardized IHC kit makes it an attractive assay that can serve as 
a rapid, cost-effective and accessible platform in most clinical centers.
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Figure 3: Overall concordance between methods of identifying subtypes of DLBCL. A) Hans-based IHC versus microarray assay. B) Hans-based IHC versus LST. 
C) Hans-based IHC versus EdgeSeq COO. ABC: Activated B-Cell–Like; CI: Confidence Interval; DLBCL: Diffuse Large B-Cell Lymphoma; GCB: Germinal Center 
B-Cell–Like; IHC: Immunohistochemistry; LST: Lymphoma Subtyping Test; UNC: Unclassified.



Citation: Schaffer M, Chaturvedi S, Alvarez JD, Frans S, Aquino R, et al. (2018) Comparison of Immunohistochemistry Assay Results with Gene 
Expression Profiling Methods for Diffuse Large B-Cell Lymphoma Subtype Identification in Matched Patient Samples. J Mol Biomark Diagn 
9: 386. doi: 10.4172/2155-9929.1000386

Page 6 of 8

Volume 9 • Issue 2 • 1000386J Mol Biomark Diagn, an open access journal
ISSN:2155-9929 

 

 

 

Figure 4: Distribution of DLBCL subtypes and concordance by assays.  A) Distribution of DLBCL subtype by GEP. B) Comparison of assay concordance between 
samples. C) Concordance and percent agreement by assays. ABC: Activated B-Cell–Like; COO: Cell of Origin; DLBCL: Diffuse Large B-Cell Lymphoma; DNP: Did 
Not Pass; GCB: Germinal Center B-Cell–Like; GEP: Gene Expression Profiling; IHC: Immunohistochemistry; LST: Lymphoma Subtyping Test; UNC: Unclassified.

Several IHC-based assays have been evaluated in the past, and a 
very detailed analysis shows that GCB and non-GCB subtypes of 
DLBCL can be accurately predicted with the Hans assay using a panel of 
3 IHC stains: CD10, BCL6 and MUM1 [15]. The antibodies selected for 
each of these stains recognize molecules whose mRNA expression was 

highly associated with GCB and non-GCB groups in the microarray 
studies [3,4]. The Hans algorithm is an acceptable algorithm to 
differentiate GCB from non-GCB tumor cells according to the updated 
World Health Organization classification; in addition, a previous 
study found a Hans-based IHC method to have 86% concordance 



Citation: Schaffer M, Chaturvedi S, Alvarez JD, Frans S, Aquino R, et al. (2018) Comparison of Immunohistochemistry Assay Results with Gene 
Expression Profiling Methods for Diffuse Large B-Cell Lymphoma Subtype Identification in Matched Patient Samples. J Mol Biomark Diagn 
9: 386. doi: 10.4172/2155-9929.1000386

Page 7 of 8

Volume 9 • Issue 2 • 1000386J Mol Biomark Diagn, an open access journal
ISSN:2155-9929 

with microarray GEP [19,21,35]. In our study, concordance between 
the Hans-based IHC assay, the microarray-based LST assay and the 
EdgeSeq assay was 79.6%, 80.0% and 78.2%, respectively, consistent 
with previous reported concordance [17,19]. Classifications by the 
3 commercially available GEPs were also aligned, with concordances 
ranging from 87.5% to 93.7%. Other studies suggest that ≥ 70% to 80% 
concordance of other methods with GEP is sufficient to differentiate 
patients and choose appropriate treatment modalities [17,19]; however, 
GEP methods generally show a greater prognostic difference between 
subtypes, demonstrating the consistency with the original COO 
hypothesis [36].

GEP using traditional microarrays has been utilized extensively 
in the recent past to observe differences between the subtypes of 
DLBCL. While it is a suitable tool for research in a laboratory setting 
or as a part of exploratory analysis, this method requires RNA isolated 
preferably from fresh tissue, which can pose a challenge in a clinical 
setting, and also lacks a common, easily available commercial assay for 
routine clinical practice. Additionally, there is no consistently applied 
microarray gene set and corresponding algorithm reported in the 
literature, despite many subtyping publications over many years. And 
while the development of the new GEP-based methods has attempted 
to formalize these previously reported approaches to a consistent assay, 
there is no unique, publicly available sample set used as a standardized 
approach to defining different subtypes of DLBCL by the various 
technologies available today. Therefore, in this study, a large set of 
commercially purchased and well-defined DLBCL samples was used to 
provide a single matched set that could provide materials for both IHC 
and a variety of GEP-based assays. Using these samples, which were 
classified by the accepted standard, well-published microarray-based 
COO assay, a platform was created for comparison of a number of other 
IHC and GEP-based methods. These may soon become commercially 
available and could be used in clinical settings to guide optimal choice 
of treatment, a consideration that is becoming ever more important 
with the increasing number of targeted COO-based DLBCL therapies 
currently in clinical development.

The LST provides a close analogue of the microarray-based GEP 
method, as it is also an RNA-based expression analysis method and uses 
the same reference sample set and classification for input. However, the 
method developed was more robust and quantitative, using a platform 
that was approved by the US Food and Drug Administration and 
based on using only 20 genes for expression analysis on FFPE tissue. 
5 of these genes were “housekeeping” genes for normalization, and the 
15 other analyte genes were part of the gene set established by Lenz et 
al. to accurately predict the COO assignment [23]. Because the GEP 
platform was the original way of defining the DLBCL subtypes based 
on COO, it was important to establish that a GEP-based COO method 
was highly concordant with the Hans-based IHC method, so patients’ 
diseases could be accurately identified regardless of the platform 
available at their particular center and chosen by their physician. The 
results, with 80% overall concordance and 87% PPA in identifying non-
GCB patients, show that this is indeed the case.

The more recent EdgeSeq COO method, on the other hand, provides 
a completely different NGS-based platform that has lower sample 
requirements, but is also in essence an RNA expression-based assay. 
This method also shows good concordance with the Hans-based IHC 
method, although it is notable that the algorithm appears to reduce the 
percentage of UNC calls compared with the other GEP methods, while 
increasing the percentage of ABC calls. The prognostic significance of 
this variance remains to be determined, but it is worth noting that both 
of these subtypes are included in the non-GCB call by IHC.

It is all the more remarkable that a standardized IHC-based assay, 
using a very different source material and using a binary (as opposed 
to a ternary) method requiring human evaluation, can provide a 
high concordance of 80% between IHC and all of the evaluated GEP 
methods. One difference is that GEP-based methods allow identification 
specifically of the ABC subset versus only non-GCB identification 
produced by the Hans-based IHC method. However, the concordance 
between the GEP-based methods for identifying ABC patients is also 
similar, at 83.3% (26.3% by microarray, 32.8% by LST and 43.8% by 
EdgeSeq), although the PPA for non-GCB is higher at 87.5% to 94.3%. 
Because GEP methods use a continuous score based on the expression 
levels of the genes in the algorithm, it becomes difficult to clearly assign 
the boundaries of the unclassified subgroup, leading to the variance in 
the ABC versus UNC calls between these methods noted above. Thus, 
overall within a margin of error, it becomes apparent that the results here 
show that these methods are concordant and can provide acceptable, 
alternate ways to subtype DLBCL to guide appropriate therapy choices.

This analysis has inherent limitations. Specifically, the specimens 
used were from a commercial source with no clinical follow-up. 
Therefore, characteristics of the patients and the ultimate results of their 
therapy are not available.

Conclusion
In summary, herein we have described a robust, optimized Hans-

based IHC assay using a standard set of reagents and an optimized 
algorithm in a central laboratory that offers a relatively inexpensive 
and accessible platform for COO subtyping in DLBCL. With clinical 
validation from an ongoing phase III study evaluating ibrutinib efficacy 
and safety in non-GCB patients, this platform may offer an excellent 
tool for the identification of DLBCL subtypes, and thus potentially in 
the selection of optimal therapy. We have also shown that there is a 
high concordance of this IHC assay with GEP-based methods such 
as microarray, LST and EdgeSeq COO, and also between the various 
GEP-based methods among themselves. Given these results, it is clear 
that with some further development and validation, a number of 
robust, standardized and equivalent methods may become available 
in the marketplace, increasing the choice and availability to ensure 
that DLBCL patients in any location worldwide can be rapidly and 
accurately classified to receive optimal therapy. Several ongoing studies 
are considering COO subtypes in the evaluation of treatment efficacy 
in DLBCL; the results of these studies may provide further insight into 
appropriate treatments for patients with different DLBCL subtypes 
[22,37-41].
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