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Abstract

The updated edition of the Classification of Tumours of Haematopoietic and
Lymphoid Tissues, published in September 2017 by the World Health
Organization (WHO), presents many important changes to the document
published in 2008. Most of these novelties are linked to the exceptional
development of biomolecular techniques during the last 10 years. To
illustrate how much new technologies have contributed to the better
classification of single entities, as well as the discovery of new ones, would
go beyond the objectives of this work. For this reason, we will take diffuse
large B-cell ymphoma as an example of the cognitive improvement
produced by high-yield technologies (such as the gene expression profile,
the study of copy number variation, and the definition of the mutational
spectrum). The acquisition of this knowledge not only has a speculative
value but also represents the elements for effective application in daily
practice. On the one hand, it would allow the development of personalised
therapy programs, and on the other it would promote the transition from the
bench of the researcher's laboratory to the patient's bedside.
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Introduction

In the revised World Health Organization (WHO) Classification
of Tumours of Haematopoietic and Lymphoid Tissues, diffuse
large B-cell lymphoma (DLBCL) represents the commonest type
of lymphoid malignancy. Although some rare variants of the
tumour are recognised, the process is usually characterised by
the proliferation of large B cells (measuring 220 um in diameter)
and shows quite variable cytological features that hamper a
more precise and reproducible subdivision, justifying the suffix
“NOS” (not otherwise specified)'.

For decades, the classification of DLBCL was based on morpho-
logic criteria®™ integrated with phenotypic attributes. However,
its application showed more and more that it had no prognostic
or therapeutic impact™. In the Revised WHO Classification of
Tumours of Haematopoietic and Lymphoid Tumours, two impor-
tant novelties have been introduced in the setting of DLBCL/
NOS: a) the definition of the cell of origin (COO) has become
mandatory, and b) the new provisional category of high-grade
B-cell lymphomas, with special reference to those carrying dou-
ble hits/triple hits (DH/TH), has been introduced'. EBV-positive
DLBCL may represent a further novelty, although it represents just
an expansion of the previous category of DLBCL of the elderly,
quoted in the fourth edition of the WHO Classification'. In fact,
it was found that EBV-positive DLBCL (excluding lymphomatoid
granulomatosis, plasmablastic lymphoma, DLBCL associated
with chronic inflammation, and muco-cutaneous ulcer, all entities
related to EBV infection) is not confined to elderly people—as
originally thought—but can present over a wide age range’. Finally,
yet importantly, the usage of next-generation sequencing (NGS),
although not yet mandatory, is strongly encouraged, representing
an important tool in the present era of precision medicine.

Cell of origin determination

In February 2000, in a seminal paper published in Nature,
Alizadeh and co-workers (National Cancer Institute [NCI] of
the United States of America) first reported that DLBCLs could
be subdivided in at least two major categories based on their
gene signature. Such distinction was unfeasible on morphologic
grounds. The two categories were termed germinal centre B cell-
like (GCB) and activated B cell-like (ABC) depending on whether
their gene signatures were closer to those of germinal centre cells
or activated B-lymphocytes circulating in the peripheral blood,
respectively. The molecular subclassification was relevant not
only for histogenetic reasons but also, most importantly, for prog-
nosis and therapy’. In fact, by using the CHOP standard chemo-
therapy, there was a dramatic difference (of about 50 percentage
points) in terms of progression-free survival (PFS) and overall
survival (OS) between GCB and ABC DLBCLs, the latter having
the worse clinical course. Such a difference has been maintained
in the present immunochemotherapy era®’. Two years later, the
data published by the NCI group were validated by a transatlan-
tic consortium, the Lymphoma/Leukemia Molecular Profiling
Project (LLMPP), on a much larger series of cases by using
a comprehensive gene chip. The LLMPP study allowed the
identification of a third group that was intermediate between the
GCB and ABC ones (termed “unclassified” [U])*'".

The main limitation of these studies was the need for profiling
mRNA extracted from fresh or frozen tissue, which is available
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in only a small minority of patients who are referred to leading
institutions. Thus, attempts were made to substitute the results
of gene expression profiling (GEP) with immunohistochemistry
(IHC) algorithms (Hans, Choi, Colomo, Muris, Pileri, and Tally)
based on a limited number of markers and applicable to forma-
lin-fixed, paraffin-embedded (FFPE) tissue samples'*'s. How-
ever, the Lunenburg Biomarker Consortium demonstrated the
extreme variability of results when the same algorithm was
applied at nine institutions with extensive experience in the field
of haematopathology. These discrepancies were due to the usage
of different antigen retrieval techniques, detection methods,
and platforms along with interpersonal and intrapersonal vari-
ability in the interpretation of the results obtained. Secondly, the
comparison of the classification of DLBCL based on the COO
profoundly diverged in most studies when GEP and IHC results
were compared. The GelCab, for instance, reported lack of prog-
nostic value of two algorithms (Hans and Tally) when applied
to the same cases conversely to GEP. Such divergence can be
explained by the fact that GEP subdivides DLBCLs into three
groups (GCB, ABC, and U), while IHC divides DLBCLs into GCB
and non-GCB, the latter group being a kind of waste-basket'*.
In contrast, Visco et al. found a 92% association between GEP
and IHC in a study including 475 de novo DLBCLs. The former
was performed on FFPE samples and in selected cases on frozen
tissue by the HG-U133 Plus 2.0 Gene Chip and Affymetrix
platform, while the latter was carried out by applying an IHC
algorithm based on the detection of CD10, FOXP1, and BCL6
to tissue microarrays. In light of the need for optimally fixed
FFPE tissue to perform conventional GEP, it would be interesting
to compare the results published in 2012" with those obtainable
on the same cases by the Lymph2Cx (see below).

In 2014, the LLMPP proposed a new approach based on a 20-
gene panel (15 top-genes and five housekeeping genes), known as
Lymph2Cx, which reproduced the results of conventional GEP by
using mRNA extracted from FFPE tissue samples. The analysis
was carried out on the NanoString platform that measured the
exact amount of mRNA expressed by a given gene without
retrotranscription or amplification. The Lymph2Cx turned out to
be superior to three IHC algorithms (Hans, Choi, and Tally) when
applied to 67 DLBCLs all treated with R-CHOP and provided
with both FFPE and frozen tissue available. OS and PFS curves
appeared over-imposable by profiling FFPE and frozen samples
on the NanoString and Affymetrix platforms, respectively”'.
The NanoString approach produced identical results when dif-
ferent platforms were employed. Finally, the Lymph2Cx allowed
the detection of the third group (U) of DLBCLs shown by con-
ventional GEP”'". Importantly, while IHC regarded 33% and 67%
of the cases as GCB and non-GCB, respectively, with no differ-
ences in terms of OS and PFS, targeted GEP classified 60%,
25%, and 15% of the cases as GCB, ABC, and U by showing
significantly different responses to therapy. The LLMPP results
were later confirmed by independent studies (BCCA, LYSA, and
GOYA) based on larger series of cases all treated with R-CHOP
or R-CHOP-like therapy”'. Two further reports published in
the British Journal of Haematology and Journal of Clinical
Oncology highlighted that the impact of COO determination by
Lymph2Cx might show limitations under some circumstances”*°.
The former suggested that the correct histogenetic classification
might lose its prognostic impact in patients older than 70 because
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of frequent comorbidities™. The latter, although confirming the
lack of relationship between IHC and targeted GEP, showed that
the use of aggressive immunochemotherapy regimens (R-CHOP14
in the elderly and R-MegaCHOEP21 in younger individuals)
can improve the response of the ABC forms by annulling the
prognostic difference among the three molecular subgroups™.

In our experience, based on profiling more than 300 DLBCLs
by the Lymph2Cx on the NanoString platform, we have con-
firmed the relevance of COO determination in DLBCLs both
enrolled in trials (DLCLO4 of the Italian Lymphoma Founda-
tion [FIL]”” and RHDS0305 of the Italian Group for Innovative
Therapies in Lymphomas [GITIL]*) and retrieved from archived
material (real-life). Material from patients with the same clinical
characteristics (with a median age of 52 years, in stage III-1V,
and with an intermediate/high to high International Prognos-
tic Index) was profiled. As originally reported by the LLMPP,
no relationship was found between IHC and GEP, and the case
distribution turned out to be completely different between the two
approaches. By targeted GEP, the cases with a GCB or U signa-
ture represented the clear majority and behaved significantly
better than the ABC ones (more than 85% OS at five years for the
former as opposed to less than 50% for the latter). Only with RHDS
was the OS of ABC tumours significantly increased (75% at five
years versus 25% of R-CHOP14). These results do not weaken
the importance of the COO assessment. In fact, RHDS, charac-
terised by a specific conditioning regimen (Ara-C + cisplatin)
and including autologous stem cell transplantation first line, is
too intense for GCB and U DLBCLs, also when considering the
possible late toxicities. The latter group of tumours can benefit
from the use of conventional R-CHOP.

By applying larger panels of genes, including the Pan Cancer
Immune Profiling one, we observed that the expression of genes
other than those related to the COO can represent additional
relevant prognosticators (e.g. BCL2 and MYC) in DLBCLs treated
with R-CHOP/R-CHOP-like therapies. These data, which are
detailed in a manuscript currently under review, fit with previ-
ous reports based on the IHC determination of BCL2 and MYC
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and show that the co-expression of these proteins is a strong
predictor of outcome in DLBCL patients’**=! (see also below in
the high-grade B-cell lymphoma section).

Microenvironment dissection

Besides COO determination, another important contribution to
the prognosis of DLBCL is provided by the assessment of the
microenvironment (ME). In 2008, Lenz and co-workers reported
on two different gene signatures independent of the COO and
related to the ME components, which heralded good and poor
prognosis, respectively’. Their study was based once again on
mRNA extracted from fresh/frozen tissue and therefore found
little application in daily practice, where most if not all patients
have only FFPE samples available. Some attempts to substitute
the results of the study based on a two-gene approach™ or IHC
markers remained anecdotal*~°. Recently, our group developed
a 45-gene panel focusing on different ME components (mes-
enchymal, dendritic, and T-cell related), which is applicable to
FFPE samples on the NanoString platform. It stratified the cases
enrolled in the DLCL04 and RHDSO0305 trials into three groups
that significantly differed in terms of OS and PFS. The results
were further validated by profiling real-life patients retrieved from
the archive and analysing Lenz’s cases in silico. Finally, yet impor-
tantly, these results were reproduced on a different NanoString
platform. The panel integrates the Lymph2Cx results, giving rise
to a risk score that can be applied to every new case by a random
forest approach’” (Figure 1). This piece of information can be of
interest in light of the efficacy of some drugs (e.g. lenalidomide)
on both ABC DLBCLs and ME components.

The PD1/PD-L1 axis represents a further player in the relation-
ship between ME and neoplastic cells, which is relevant for the
usage of immune checkpoint inhibitors. This issue, extensively
reviewed in Xu-Monette er al., is characterised by variable
amounts of PD1-positive T-infiltrating lymphocytes and PD-L1-
positive macrophages and/or neoplastic cells. The latter are less
frequently positive in DLBCL/NOS than in primary mediastinal
B-cell lymphoma, in which PD-L1 expression is frequently
related to 9p24.1 alteration.
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Figure 1. Prognostic categories of diffuse large B-cell ymphoma (DLBCL) based on cell of origin (COO) subtypes and microenvironment

clusters. ABC, activated B cell-like; GCB, germinal centre B cell-like.
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High-grade B-cell lymphomas with and without
double/triple hits

High-grade B-cell lymphomas correspond to a new provisional
category of the Revised WHO Classification', which includes
B-cell lymphoid neoplasms with blastoid morphology (negative
for CD34, CD5, and TdT) and forms that are morphologi-
cally and/or phenotypically intermediate between DLBCL and
Burkitt lymphoma. Part of these neoplasms carries double/triple
rearrangements (hits) of MYC, BCL2, and/or BCL6. The
association of MYC and BCL2 rearrangements tends to be very
deleterious on clinical/prognostic grounds, especially in cases
where the partner gene of the former is the immunoglobulin
promoter’*~. If the patient’s fitness is good, a tumour with DH/TH
requires a regimen that is much more aggressive than R-CHOP*.
Importantly, tumours with DH/TH do not always show the
above-mentioned morphologic features but can present as a con-
ventional DLBCL/NOS; nevertheless, they are included in the
new provisional category. This suggests the opportunity to per-
form fluorescent in situ hybridisation (FISH) analysis with
appropriate probes in all DLBCLs or at least in the GCB forms,
which are enriched in DH*. Since such an approach is expensive,
once again an attempt to substitute a molecular test with IHC
was proposed by searching for the MYC and BCL2 products.
Cases with positivity for the two proteins in more than 40% and
50% of neoplastic cells are regarded as double expressors (DE)
and are thought to have a more aggressive clinical course’”*=!*.
However, these cut-off values have been found to have a low
grade of intrapersonal and interpersonal reproducibility®. In addi-
tion, no association exists between DE and DH, since the former
represents about 30% of DLBCLs/NOS and the latter less than
10%". Finally, yet importantly, some DH are not DE because
of gene mutations and/or the occurrence of epitopes not recog-
nised by the anti-MYC and/or anti-BCL2 antibodies. Thus, at
this time, the best compromise is to discuss with the referring
clinician the usefulness of FISH analysis in each DLBCL on the
basis of the patient’s general condition and the sustainability of
highly aggressive therapeutic schedules.

Next-generation sequencing

In the Revised WHO Classification, NGS studies are not regarded
as mandatory for the diagnosis of malignant lymphomas. How-
ever, they are strongly recommended in light of the better under-
standing of the pathobiology they produce and of the practical
impact they have on prognosis and ad hoc therapeutic decisions.
In other words, they are thought to represent a fundamental
contribution to the developing concept of precision medicine.

The term NGS applies to different techniques. Concerning DNA
analysis, it can cover the whole genome (WGS), the entire exome
(WES), or a series of genes selected by the investigator (tar-
geted sequencing) based, for instance, on a statistical criterion
(prevalence of a certain mutation in at least 5% of the tumours
included in the study according to public databases). RNA can
also undergo NGS (RNAseq); this approach is of great relevance
for the detection of gene fusions caused by chromosomal
translocations that cannot be shown by DNA sequencing.

During the last two years, more than 2,000 DLBCLs have been
studied by NGS, more often by sequencing cases provided
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with fresh or frozen tissue, which allows the extraction of opti-
mally preserved DNA*=". In this respect, one should remember
that formalin fixation (which should never exceed the 24-hour
limit) and paraffin embedding cause variable degrees of DNA
degradation that may hamper the interpretation of results. In our
experience, successful targeted sequencing in more than 50%
of FFPE samples can be achieved by extracting DNA using the
Covaris technology.

Based on the results of the above-mentioned studies, the most
frequent recurrent mutations affect the following genes: MLL2,
BCL2, MYDSS, HISTIHIE, PIMI, CREBBP, CARDII, TP53,
TNFRSF14, SOCSI, NOTCH2, GNA13, SGKI, CD70, KLHLG,
MTOR, IRFS, PIK3CD, SETD2, B2M, TNFAIP3, EZH2, EP300,
MLL3, MEF2B, BTGI, CD79B, BCL6, BCL7A, STAT3, CCND3,
CD58, and UBRS. Importantly, some of them are provided
with prognostic impact. This is the case for 7P53 mutations,
with special reference to those occurring in the DNA-binding
domain”'. In addition, many mutations do not occur at random
but are related to the COO>> (Figure 2) and possibly to the
ME®. The knowledge of the mutational landscape along with
the COO, the ME, and cytogenetics represents pivotal informa-
tion for the use of tailored therapies. In fact, genetic aberrations
can cause the synthesis of anomalous proteins that may be
targeted by biological agents (e.g. venetoclax and histone deacety-
lase inhibitors) or the deregulation of pathways at different
levels, which may be restored by specific drugs (e.g. ibrutinib).
The appropriate prescription of the new drugs based on molecu-
lar data will not only enhance their success rate by avoiding
unwanted toxicity without efficacy in patients lacking the target
but also contribute to limiting public assistance expenditure™.

A further application of NGS studies is the so-called liquid
biopsy, which is currently a research tool in light of the costs
required by ultra-deep sequencing. It is hoped that these costs
will decrease soon, making the approach applicable to most
lymphoma patients. The liquid biopsy will never replace the
diagnostic biopsy, but it effectively integrates the latter with mini-
mal burden for the patient. In fact, tumour circulating free DNA
(cfDNA) is captured from a sample of venous peripheral blood.
Its sequencing with a coverage of 5,000X to 7,000X has allowed
us to observe that the mutational landscape of DLBCL can be
broader than the one shown by the diagnostic biopsy, since
different mutations can occur at the different anatomic sites
associated with the tumour™>. This finding has changed the
concept that a malignant lymphoma is a systemic homogeneous
disease irrespective of the site of involvement: a certain degree
of heterogeneity does occur, which may be related to subclones
and/or ME influence. In addition, the liquid biopsy represents
a very effective tool for monitoring the response to therapy and
minimal residual disease. In fact, the clearance of the mutational
landscape in c¢fDNA indicates complete molecular remission.
In contrast, the persistence of detectable mutations and/or the
appearance of new aberrations herald a lack of response to therapy
or early disease relapse™ .

Future perspectives

A new platform has recently been developed by NanoString point-
ing to digital spatial profiling: it will become available by the
beginning of 2019. This device will possibly allow the selection
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of the different components of each tumour under microscopic the heterogeneity of the latter by selectively extracting mRNA
control and by the usage of a panel of 40 markers uncovered by and DNA (Figure 3). The goal is to refine the interpretation of
immunofluorescence multiplex techniques. Accordingly, one might the pathobiology of malignant lymphomas and the prediction of
dissect the ME from the tumour environment as well to look for sensitivity to targeted drugs.
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Figure 2. Most frequently observed gene mutations in diffuse large B-cell lymphoma (DLBCL) according to personal experience. Most
frequently observed gene mutations in diffuse large B-cell lymphoma (DLBCL) according to personal experience.
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fixation, paraffin-embedding; FISH, fluorescent in sifu hybridi-
sation; GCB, germinal centre B cell-like; GEP, gene expression
profiling; IHC, immunohistochemistry; LLMPP, Lymphoma/
Leukemia Molecular Profiling Project; ME, microenvironment;
NGS, next-generation sequencing; NOS, not otherwise specified;

References

F1000Research 2018, 7(F1000 Faculty Rev):1966 Last updated: 17 JUL 2019

OS, overall survival; PES, progression-free survival; U, undeter-
mined; WHO, World Health Organization.

Grant information
The authors’ work was funded by the Italian Association for
Cancer Research (AIRC), Milan; grant 5x1000 n. 20198.

The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

F1000 recommended

1. Swerdlow SH, Campo E, Harris NL, et al.: WHO classification of tumours of
haematopoietic and lymphoid tissues. Revised 4th Edition, 2017; 2.
Reference Source

2. Lennert K, Stein H, Kaiserling E: Cytological and functional criteria for the
classification of malignant lymphomata. Br J Cancer Suppl. 1975; 2: 29-43.
PubMed Abstract | Free Full Text

3. Robb-Smith AH: U.S. National Cancer Institute working formulation of non-
Hodgkin’s lymphomas for clinical use. Lancet. 1982; 2(8295): 432—4.
PubMed Abstract | Publisher Full Text

4. Harris NL, Jaffe ES, Stein H, et al.: A revised European-American classification
of lymphoid neoplasms: a proposal from the International Lymphoma Study
Group. Blood. 1994; 84(5): 1361-92.

PubMed Abstract

5. Jaffe ES, Harris NL, Stein H, et al.: Pathology and Genetics of Tumours of
Haematopoietic and Lymphoid Tissues. WHO Classification of Tumours, 3rd
Edition, 2001; 3.

Reference Source

6. Nicolae A, Pittaluga S, Abdullah S, et al.: EBV-positive large B-cell lymphomas
in young patients: a nodal lymphoma with evidence for a tolerogenic immune
environment. Blood. 2015; 126(7): 863-72.

PubMed Abstract | Publisher Full Text | Free Full Text

7. Alizadeh AA, Eisen MB, Davis RE, et al.: Distinct types of diffuse large B-cell
lymphoma identified by gene expression profiling. Nature. 2000; 403(6769):
503-11.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

8. Fisher RI, Gaynor ER, Dahlberg S, et al.: Comparison of a standard regimen
(CHOP) with three intensive chemotherapy regimens for advanced non-
Hodgkin’s lymphoma. N Engl J Med. 1993; 328(14): 1002—6.

PubMed Abstract | Publisher Full Text

9. Rosenwald A, Wright G, Chan WC, et al.: The use of molecular profiling to
predict survival after chemotherapy for diffuse large-B-cell lymphoma. N Eng/
J Med. 2002; 346(25): 1937-47.
PubMed Abstract | Publisher Full Text

10.  Nyman H, Jerkeman M, Karjalainen-Lindsberg ML, et al.: Prognostic impact
of activated B-cell focused classification in diffuse large B-cell ymphoma
patients treated with R-CHOP. Mod Pathol. 2009; 22(8): 1094-101.
PubMed Abstract | Publisher Full Text

11. Wright G, Tan B, Rosenwald A, et al.: A gene expression-based method to
diagnose clinically distinct subgroups of diffuse large B cell lymphoma. Proc
Natl Acad Sci U S A. 2003; 100(17): 9991-6.
PubMed Abstract | Publisher Full Text | Free Full Text

12.  Hans CP, Weisenburger DD, Greiner TC, et al.: Confirmation of the molecular
classification of diffuse large B-cell lymphoma by immunohistochemistry
using a tissue microarray. Blood. 2004; 103(1): 275-82.

PubMed Abstract | Publisher Full Text

13. Choi WW, Weisenburger DD, Greiner TC, et al.: A new immunostain
algorithm classifies diffuse large B-cell lymphoma into molecular subtypes
with high accuracy. Clin Cancer Res. 2009; 15(17): 5494-502.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

14.  Colomo L, Lépez-Guillermo A, Perales M, et al.: Clinical impact of the
differentiation profile assessed by immunophenotyping in patients with
diffuse large B-cell lymphoma. Blood. 2003; 101(1): 78-84.

PubMed Abstract | Publisher Full Text

15.  Muris JJ, Meijer CJLM, Vos W, et al.: Inmunohistochemical profiling based on
Bcl-2, CD10 and MUM1 expression improves risk stratification in patients with
primary nodal diffuse large B cell lymphoma. J Pathol. 2006; 208(5): 714—23.
PubMed Abstract | Publisher Full Text

16. Meyer PN, Fu K, Greiner TC, et al.: Inmunohistochemical methods for

predicting cell of origin and survival in patients with diffuse large B-cell
lymphoma treated with rituximab. J Clin Oncol. 2011; 29(2): 200-7.
PubMed Abstract | Publisher Full Text | Free Full Text

17.  Zinzani PL, Dirnhofer S, Sabattini E, et al.: Identification of outcome predictors
in diffuse large B-cell ymphoma. Immunohistochemical profiling of
homogeneously treated de novo tumors with nodal presentation on tissue
micro-arrays. Haematologica. 2005; 90(3): 341-7.

PubMed Abstract

18.  Visco C, Li Y, Xu-Monette ZY, et al.: Comprehensive gene expression profiling
and immunohistochemical studies support application of immunophenotypic
algorithm for molecular subtype classification in diffuse large B-cell
lymphoma: a report from the International DLBCL Rituximab-CHOP
Consortium Program Study. Leukemia. 2012; 26(9): 2103—13.

PubMed Abstract | Publisher Full Text | Free Full Text

19. de Jong D, Rosenwald A, Chhanabhai M, et al.: Inmunohistochemical prognostic
markers in diffuse large B-cell ymphoma: validation of tissue microarray as
a prerequisite for broad clinical applications--a study from the Lunenburg
Lymphoma Biomarker Consortium. J Clin Oncol. 2007; 25(7): 805-12.

PubMed Abstract | Publisher Full Text

20. Gutiérrez-Garcia G, Cardesa-Salzmann T, Climent F, et al.: Gene-expression
profiling and not immunophenotypic algorithms predicts prognosis in patients
with diffuse large B-cell lymphoma treated with immunochemotherapy. Blood.
2011; 117(18): 4836-43.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

21. Scott DW, Wright GW, Williams PM, et al.: Determining cell-of-origin
subtypes of diffuse large B-cell lymphoma using gene expression in formalin-
fixed paraffin-embedded tissue. Blood. 2014; 123(8): 1214-7.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

22. Scott DW, Mottok A, Ennishi D, et al.: Prognostic Significance of Diffuse
Large B-Cell Lymphoma Cell of Origin Determined by Digital Gene Expression
in Formalin-Fixed Paraffin-Embedded Tissue Biopsies. J Clin Oncol. 2015;
33(26): 2848-56.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

23. Jais JP, Molina TJ, Ruminy P, et al.: Reliable subtype classification of diffuse
large B-cell lymphoma samples from GELA LNH2003 trials using the
Lymph2Cx gene expression assay. Haematologica. 2017; 102(10): e404—e406.
PubMed Abstract | Publisher Full Text | Free Full Text

24.  Vitolo U, Trnény M, Belada D, et al.: Obinutuzumab or Rituximab Plus
Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone in Previously
Untreated Diffuse Large B-Cell Lymphoma. J Clin Oncol. 2017; 35(31): 3529-37.
PubMed Abstract | Publisher Full Text

25. Gifford G, Gabrielli S, Gill A, et al.: Lymphoma cell-of-origin assignment by
gene expression profiling is clinically meaningful across broad laboratory
contexts. Br J Haematol. 2018; 181(2): 272-5.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

26. Staiger AM, Ziepert M, Horn H, et al.: Clinical Impact of the Cell-of-Origin
Classification and the MYC/ BCL2 Dual Expresser Status in Diffuse Large
B-Cell Lymphoma Treated Within Prospective Clinical Trials of the German
High-Grade Non-Hodgkin’s Lymphoma Study Group. J Clin Oncol. 2017; 35(22):
2515-26.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

27. Chiappella A, Martelli M, Angelucci E, et al.: Rituximab-dose-dense
chemotherapy with or without high-dose chemotherapy plus autologous stem-
cell transplantation in high-risk diffuse large B-cell ymphoma (DLCLO04): final
results of a multicentre, open-label, randomised, controlled, phase 3 study.
Lancet Oncol. 2017; 18(8): 1076-88.

PubMed Abstract | Publisher Full Text

28. Cortelazzo S, Tarella C, Gianni AM, et al.: Randomized Trial Comparing R-CHOP

Page 7 of 9


http://apps.who.int/bookorders/anglais/detart1.jsp?codlan=1&codcol=70&codcch=4002
http://www.ncbi.nlm.nih.gov/pubmed/52366
http://www.ncbi.nlm.nih.gov/pmc/articles/2149614
http://www.ncbi.nlm.nih.gov/pubmed/6124818
http://dx.doi.org/10.1016/S0140-6736(82)90454-8
http://www.ncbi.nlm.nih.gov/pubmed/8068936
http://apps.who.int/bookorders/anglais/detart1.jsp?codlan=1&codcol=70&codcch=3
http://www.ncbi.nlm.nih.gov/pubmed/25999451
http://dx.doi.org/10.1182/blood-2015-02-630632
http://www.ncbi.nlm.nih.gov/pmc/articles/4536540
https://f1000.com/prime/1001595
http://www.ncbi.nlm.nih.gov/pubmed/10676951
http://dx.doi.org/10.1038/35000501
https://f1000.com/prime/1001595
http://www.ncbi.nlm.nih.gov/pubmed/7680764
http://dx.doi.org/10.1056/NEJM199304083281404
http://www.ncbi.nlm.nih.gov/pubmed/12075054
http://dx.doi.org/10.1056/NEJMoa012914
http://www.ncbi.nlm.nih.gov/pubmed/19448593
http://dx.doi.org/10.1038/modpathol.2009.73
http://www.ncbi.nlm.nih.gov/pubmed/12900505
http://dx.doi.org/10.1073/pnas.1732008100
http://www.ncbi.nlm.nih.gov/pmc/articles/187912
http://www.ncbi.nlm.nih.gov/pubmed/14504078
http://dx.doi.org/10.1182/blood-2003-05-1545
https://f1000.com/prime/1164826
http://www.ncbi.nlm.nih.gov/pubmed/19706817
http://dx.doi.org/10.1158/1078-0432.CCR-09-0113
https://f1000.com/prime/1164826
http://www.ncbi.nlm.nih.gov/pubmed/12393466
http://dx.doi.org/10.1182/blood-2002-04-1286
http://www.ncbi.nlm.nih.gov/pubmed/16400625
http://dx.doi.org/10.1002/path.1924
http://www.ncbi.nlm.nih.gov/pubmed/21135273
http://dx.doi.org/10.1200/JCO.2010.30.0368
http://www.ncbi.nlm.nih.gov/pmc/articles/3058275
http://www.ncbi.nlm.nih.gov/pubmed/15749666
http://www.ncbi.nlm.nih.gov/pubmed/22437443
http://dx.doi.org/10.1038/leu.2012.83
http://www.ncbi.nlm.nih.gov/pmc/articles/3637886
http://www.ncbi.nlm.nih.gov/pubmed/17327602
http://dx.doi.org/10.1200/JCO.2006.09.4490
https://f1000.com/prime/10182959
http://www.ncbi.nlm.nih.gov/pubmed/21441466
http://dx.doi.org/10.1182/blood-2010-12-322362
https://f1000.com/prime/10182959
https://f1000.com/prime/718231014
http://www.ncbi.nlm.nih.gov/pubmed/24398326
http://dx.doi.org/10.1182/blood-2013-11-536433
http://www.ncbi.nlm.nih.gov/pmc/articles/3931191
https://f1000.com/prime/718231014
https://f1000.com/prime/725696264
http://www.ncbi.nlm.nih.gov/pubmed/26240231
http://dx.doi.org/10.1200/JCO.2014.60.2383
http://www.ncbi.nlm.nih.gov/pmc/articles/4554747
https://f1000.com/prime/725696264
http://www.ncbi.nlm.nih.gov/pubmed/28679653
http://dx.doi.org/10.3324/haematol.2017.166827
http://www.ncbi.nlm.nih.gov/pmc/articles/5622872
http://www.ncbi.nlm.nih.gov/pubmed/28796588
http://dx.doi.org/10.1200/JCO.2017.73.3402
https://f1000.com/prime/734641296
http://www.ncbi.nlm.nih.gov/pubmed/28198001
http://dx.doi.org/10.1111/bjh.14556
https://f1000.com/prime/734641296
https://f1000.com/prime/727626103
http://www.ncbi.nlm.nih.gov/pubmed/28525305
http://dx.doi.org/10.1200/JCO.2016.70.3660
https://f1000.com/prime/727626103
http://www.ncbi.nlm.nih.gov/pubmed/28668386
http://dx.doi.org/10.1016/S1470-2045(17)30444-8

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Versus High-Dose Sequential Chemotherapy in High-Risk Patients With
Diffuse Large B-Cell Lymphomas. J Clin Oncol. 2016; 34(33): 4015-22.
PubMed Abstract | Publisher Full Text

Green TM, Young KH, Visco C, et al.: Inmunohistochemical double-hit score is
a strong predictor of outcome in patients with diffuse large B-cell ymphoma
treated with rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone. J Clin Oncol. 2012; 30(28): 3460-7.

PubMed Abstract | Publisher Full Text

Hu S, Xu-Monette ZY, Tzankov A, et al.: MYC/BCL2 protein coexpression
contributes to the inferior survival of activated B-cell subtype of diffuse large
B-cell lymphoma and demonstrates high-risk gene expression signatures: a
report from The International DLBCL Rituximab-CHOP Consortium Program.
Blood. 2013; 121(20): 4021-31; quiz 4250.

PubMed Abstract | Publisher Full Text | Free Full Text

Horn H, Ziepert M, Becher C, et al.: MYC status in concert with BCL2 and BCL6
expression predicts outcome in diffuse large B-cell ymphoma. Blood. 2013;
121(12): 2253-63.

PubMed Abstract | Publisher Full Text

Lenz G, Wright G, Dave SS, et al.: Stromal gene signatures in large-B-cell
lymphomas. N Engl J Med. 2008; 359(22): 2313-23.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Alizadeh AA, Gentles AJ, Alencar AJ, et al.: Prediction of survival in diffuse large
B-cell lymphoma based on the expression of 2 genes reflecting tumor and
microenvironment. Blood. 2011; 118(5): 1350-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Meyer PN, Fu K, Greiner T, et al.: The stromal cell marker SPARC predicts for
survival in patients with diffuse large B-cell lymphoma treated with rituximab.
Am J Clin Pathol. 2011; 135(1): 54-61.

PubMed Abstract | Publisher Full Text

Keane C, Gill D, Vari F, et al.: CD4* tumor infiltrating lymphocytes are
prognostic and independent of R-IPI in patients with DLBCL receiving R-CHOP
chemo-immunotherapy. Am J Hematol. 2013; 88(4): 273-6.

PubMed Abstract | Publisher Full Text

Abdou AG, Asaad N, Kandil M, et al.: Significance of stromal-1 and stromal-2
signatures and biologic prognostic model in diffuse large B-cell lymphoma.
Cancer Biol Med. 2017; 14(2): 151-161.

PubMed Abstract | Publisher Full Text | Free Full Text

Ciavarella S, Vegliante MC, Fabbri M, et al.: Dissection of DLBCL
Microenvironment Provides a Gene Expression-Based Predictor of Survival
Applicable to Formalin-Fixed Paraffin-Embedded Tissue. Ann Oncol. 2018.
PubMed Abstract | Publisher Full Text

E Xu-Monette ZY, Zhou J, Young KH: PD-1 expression and clinical PD-1
blockade in B-cell lymphomas. Blood. 2018; 131(1): 68-83.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Sarkozy C, Traverse-Glehen A, Coiffier B: Double-hit and double-protein-
expression lymphomas: aggressive and refractory lymphomas. Lancet Oncol.
2015; 16(15): €555—e567.

PubMed Abstract | Publisher Full Text

Niitsu N, Okamoto M, Miura I, et al.: Clinical features and prognosis of de novo
diffuse large B-cell lymphoma with t(14;18) and 8q24/c-MYC translocations.
Leukemia. 2009; 23(4): 777-83.

PubMed Abstract | Publisher Full Text

Li S, Seegmiller AC, Lin P, et al.: B-cell ymphomas with concurrent MYC and
BCL2 abnormalities other than translocations behave similarly to MYC/BCL2

F1000Research 2018, 7(F1000 Faculty Rev):1966 Last updated: 17 JUL 2019

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

double-hit lymphomas. Mod Pathol. 2015; 28(2): 208-17.
PubMed Abstract | Publisher Full Text

Johnson NA, Savage KJ, Ludkovski O, et al.: Lymphomas with concurrent
BCL2 and MYC translocations: the critical factors associated with survival.
Blood. 2009; 114(11): 2273-9.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Friedberg JW: How | treat double-hit lymphoma. Blood. 2017; 130(5): 590-6.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Scott DW, King RL, Staiger AM, et al.: High-grade B-cell lymphoma with MYC
and BCL2 and/or BCL6 rearrangements with diffuse large B-cell ymphoma
morphology. Blood. 2018; 131(18): 2060—4.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Johnson NA, Slack GW, Savage KJ, et al.: Concurrent expression of MYC
and BCL2 in diffuse large B-cell lymphoma treated with rituximab plus
cyclophosphamide, doxorubicin, vincristine, and prednisone. J Clin Oncol.
2012; 30(28): 3452-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Ambrosio MR, Lazzi S, Lo Bello G, et al.: MYC protein expression scoring
and its impact on the prognosis of aggressive B-cell ymphoma patients.
Haematologica. 2018; pii: haematol.2018.195958.

PubMed Abstract | Publisher Full Text

Reddy A, Zhang J, Davis NS, et al.: Genetic and Functional Drivers of
Diffuse Large B Cell Lymphoma. Cell. 2017; 171(2): 481-494.e15.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Moffitt AB, Dave SS: Clinical Applications of the Genomic Landscape
of Aggressive Non-Hodgkin Lymphoma. J Clin Oncol. 2017; 35(9): 955-62.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Schmitz R, Wright GW, Huang DW, et al.: Genetics and Pathogenesis of
Diffuse Large B-Cell Lymphoma. N Engl J Med. 2018; 378(15): 1396-407.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Chapuy B, Stewart C, Dunford AJ, et al.: Molecular subtypes of diffuse large
B cell lymphoma are associated with distinct pathogenic mechanisms and
outcomes. Nat Med. 2018; 24(5): 679-90.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Young KH, Leroy K, Maller MB, et al.: Structural profiles of TP53 gene mutations
predict clinical outcome in diffuse large B-cell ymphoma: an international
collaborative study. Blood. 2008; 112(8): 3088—98.

PubMed Abstract | Publisher Full Text | Free Full Text

Pasqualucci L, Dalla-Favera R: Genetics of diffuse large B-cell lymphoma.
Blood. 2018; 131(21): 2307-19.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Camicia R, Winkler HC, Hassa PO: Novel drug targets for personalized
precision medicine in relapsed/refractory diffuse large B-cell lymphoma: a
comprehensive review. Mol Cancer. 2015; 14: 207.

PubMed Abstract | Publisher Full Text | Free Full Text

Scherer F, Kurtz DM, Newman AM, et al.: Distinct biological subtypes and
patterns of genome evolution in lymphoma revealed by circulating tumor DNA.
Sci Trans| Med. 2016; 8(364): 364ra155.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Rossi D, Diop F, Spaccarotella E, et al.: Diffuse large B-cell ymphoma
genotyping on the liquid biopsy. Blood. 2017; 129(14): 1947-57.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 8 of 9


http://www.ncbi.nlm.nih.gov/pubmed/28199143
http://dx.doi.org/10.1200/JCO.2016.67.2980
http://www.ncbi.nlm.nih.gov/pubmed/22665537
http://dx.doi.org/10.1200/JCO.2011.41.4342
http://www.ncbi.nlm.nih.gov/pubmed/23449635
http://dx.doi.org/10.1182/blood-2012-10-460063
http://www.ncbi.nlm.nih.gov/pmc/articles/3709650
http://www.ncbi.nlm.nih.gov/pubmed/23335369
http://dx.doi.org/10.1182/blood-2012-06-435842
https://f1000.com/prime/1148287
http://www.ncbi.nlm.nih.gov/pubmed/19038878
http://dx.doi.org/10.1056/NEJMoa0802885
https://f1000.com/prime/1148287
http://www.ncbi.nlm.nih.gov/pubmed/21670469
http://dx.doi.org/10.1182/blood-2011-03-345272
http://www.ncbi.nlm.nih.gov/pmc/articles/3152499
http://www.ncbi.nlm.nih.gov/pubmed/21173124
http://dx.doi.org/10.1309/AJCPJX4BJV9NLQHY
http://www.ncbi.nlm.nih.gov/pubmed/23460351
http://dx.doi.org/10.1002/ajh.23398
http://www.ncbi.nlm.nih.gov/pubmed/28607806
http://dx.doi.org/10.20892/j.issn.2095-3941.2017.0007
http://www.ncbi.nlm.nih.gov/pmc/articles/5444927
http://www.ncbi.nlm.nih.gov/pubmed/30307529
http://dx.doi.org/10.1093/annonc/mdy450
https://f1000.com/prime/732096524
http://www.ncbi.nlm.nih.gov/pubmed/29118007
http://dx.doi.org/10.1182/blood-2017-07-740993
http://www.ncbi.nlm.nih.gov/pmc/articles/5755041
https://f1000.com/prime/732096524
http://www.ncbi.nlm.nih.gov/pubmed/26545844
http://dx.doi.org/10.1016/S1470-2045(15)00005-4
http://www.ncbi.nlm.nih.gov/pubmed/19151788
http://dx.doi.org/10.1038/leu.2008.344
http://www.ncbi.nlm.nih.gov/pubmed/25103070
http://dx.doi.org/10.1038/modpathol.2014.95
https://f1000.com/prime/1166560
http://www.ncbi.nlm.nih.gov/pubmed/19597184
http://dx.doi.org/10.1182/blood-2009-03-212191
http://www.ncbi.nlm.nih.gov/pmc/articles/2745846
https://f1000.com/prime/1166560
https://f1000.com/prime/727700279
http://www.ncbi.nlm.nih.gov/pubmed/28600333
http://dx.doi.org/10.1182/blood-2017-04-737320
https://f1000.com/prime/727700279
https://f1000.com/prime/732749629
http://www.ncbi.nlm.nih.gov/pubmed/29475959
http://dx.doi.org/10.1182/blood-2017-12-820605
http://www.ncbi.nlm.nih.gov/pmc/articles/6158813
https://f1000.com/prime/732749629
http://www.ncbi.nlm.nih.gov/pubmed/22851565
http://dx.doi.org/10.1200/JCO.2011.41.0985
http://www.ncbi.nlm.nih.gov/pmc/articles/3454768
http://www.ncbi.nlm.nih.gov/pubmed/29954940
http://dx.doi.org/10.3324/haematol.2018.195958
https://f1000.com/prime/731793768
http://www.ncbi.nlm.nih.gov/pubmed/28985567
http://dx.doi.org/10.1016/j.cell.2017.09.027
http://www.ncbi.nlm.nih.gov/pmc/articles/5659841
https://f1000.com/prime/731793768
https://f1000.com/prime/727419964
http://www.ncbi.nlm.nih.gov/pubmed/28297626
http://dx.doi.org/10.1200/JCO.2016.71.7603
https://f1000.com/prime/727419964
https://f1000.com/prime/733028186
http://www.ncbi.nlm.nih.gov/pubmed/29641966
http://dx.doi.org/10.1056/NEJMoa1801445
http://www.ncbi.nlm.nih.gov/pmc/articles/6010183
https://f1000.com/prime/733028186
https://f1000.com/prime/733128725
http://www.ncbi.nlm.nih.gov/pubmed/29713087
http://dx.doi.org/10.1038/s41591-018-0016-8
https://f1000.com/prime/733128725
http://www.ncbi.nlm.nih.gov/pubmed/18559976
http://dx.doi.org/10.1182/blood-2008-01-129783
http://www.ncbi.nlm.nih.gov/pmc/articles/2569165
https://f1000.com/prime/733074444
http://www.ncbi.nlm.nih.gov/pubmed/29666115
http://dx.doi.org/10.1182/blood-2017-11-764332
http://www.ncbi.nlm.nih.gov/pmc/articles/5969374
https://f1000.com/prime/733074444
http://www.ncbi.nlm.nih.gov/pubmed/26654227
http://dx.doi.org/10.1186/s12943-015-0474-2
http://www.ncbi.nlm.nih.gov/pmc/articles/4676894
https://f1000.com/prime/726951653
http://www.ncbi.nlm.nih.gov/pubmed/27831904
http://dx.doi.org/10.1126/scitranslmed.aai8545
http://www.ncbi.nlm.nih.gov/pmc/articles/5490494
https://f1000.com/prime/726951653
https://f1000.com/prime/727215404
http://www.ncbi.nlm.nih.gov/pubmed/28096087
http://dx.doi.org/10.1182/blood-2016-05-719641
https://f1000.com/prime/727215404

FIOOOResearch F1000Research 2018, 7(F1000 Faculty Rev):1966 Last updated: 17 JUL 2019

Open Peer Review

Current Peer Review Status: ¥

Editorial Note on the Review Process

F1000 Faculty Reviews are written by members of the prestigious F1000 Faculty. They are commissioned and
are peer reviewed before publication to ensure that the final, published version is comprehensive and accessible.
The reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:

1 David M Aboulafia
Department of Hematology/Oncology, Virginia Mason Medical Center, Washington, USA
Competing Interests: No competing interests were disclosed.

2 Ken H Young
Department of Hematopathology, The University of Texas MD Anderson Cancer Center, Texas, USA
Competing Interests: No competing interests were disclosed.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  Youcan publish traditional articles, null/negative results, case reports, data notes and more
®  The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F]m Resea rCh

Page 9 of 9


https://f1000research.com/browse/f1000-faculty-reviews
http://f1000.com/prime/thefaculty

