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Abstract: Diffuse large B-cell lymphoma (DLBCL) is an aggressive and heterogenous group of diseases 
and the most common subtype of non-Hodgkin lymphoma. In the past decade, there has been an 
explosion in molecular profiling that has helped to identify subgroups and shared oncogenic driving 
mechanisms. Since the 2017 World Health Organization (WHO) classification, additional studies 
investigating these genomic abnormalities and phenotypic findings have been reported. Here we review 
these findings in DLBCL and address the proposed changes by the 2022 International Consensus 
Classification. 
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Introduction 

Diffuse large B-cell lymphoma (DLBCL) represents a clinically and biologically heterogeneous group of 
diseases.  Molecular studies have significantly expanded our understanding of these tumors identifying 
novel subgroups and potential therapeutic targets. DLBCL is the most common lymphoma subtype 
worldwide accounting for approximately 40% of all non-Hodgkin lymphomas[1].  The 2017 World Health 
Organization (WHO) classification of lymphoid malignancies recognizes within the group of DLBCL 
several subtypes characterized by unique clinical and/or pathological features including primary 
mediastinal large B-cell lymphoma (PMBL), primary DLBCL of the central nervous system (CNS), primary 
cutaneous DLBCL, leg-type, T-cell/histiocyte-rich large cell lymphoma (TCRBCL), Epstein-Barr virus (EBV) 
positive DLBCL “not otherwise specified” (NOS) among others. Nevertheless, most cases of DLBCL fall 
into the category of NOS. This is an aggressive disease and requires immediate treatment.  The current 
standard of care for these patients is multi-agent CHOP in combination with rituximab (R-CHOP).  
Despite the improvements in outcome, patients still experience relapse and refractory disease, 
therefore, there is an ongoing effort to tailor therapy based on specific molecular alterations to further 
improve treatment and prognosis of these patients.  The advent of molecular testing has improved the 
potential for therapeutic targets as well as the classification of this heterogeneous disease. Both, the 
2022 International Consensus Classification (ICC)[2] and the WHO-HAEM5[3] made recommendations to 
retain the cell of origin classification for DLBCL, NOS, with the expectation that transition to a molecular 
genetic classification will be feasible in the near future. These biologic subgroups and other well-defined 
large B-cell entities (Table 1) will be further discussed in this review. 

 

Diffuse large B-cell lymphoma, NOS 

Morphologic features 

The diagnosis of DLBCL is usually not challenging from the morphologic standpoint. Lymph nodes or 
extranodal sites demonstrate a diffuse proliferation of large lymphoid cells that have totally or partially 
effaced the normal architecture of tissues. Cytological variants of de novo DLBCL such as centroblastic, 
immunoblastic, and anaplastic have been reported in previous classifications but are not widely used for 
prognostic or predictive purposes.  The anaplastic variant comprises of bizarre pleomorphic nuclei that 
can have multinucleated forms and abundant cytoplasm. These cases can be CD30-positive and have a 
sinusoidal distribution that can mimic anaplastic large cell lymphoma of T-cell origin [4].  

Immunophenotypically, the neoplastic cells express pan B-cell markers including CD19, CD20, CD22, 
PAX5 and CD79a. Surface and/or cytoplasmic immunoglobulin (IgM>IgG>IgA) can be demonstrated in up 
to 75% of the cases.  Markers commonly used in the characterization of DLBCL include CD10, BCL6, 
BCL2, and IRF4/MUM1. Aberrant expression of cytoplasmic CD3 has been documented mainly in 
extranodal presentations, without the expression of other T-cell markers [5].   

Expression of CD5 in de novo DLBCL is seen in approximately 5-10% of cases. The majority of cases 
exhibit an activated B-cell (ABC) phenotype and have an extranodal distribution [6].  The reported 
adverse prognosis of these cases is likely related to their ABC-type cell of origin (COO) [7, 8]. The ICC 
recommends deemphasizing the importance of “DLBCL CD5+” because the adverse prognosis is weak 
and does not seem to reflect a true biological group. Cyclin D1 expression has been detected in 
approximately 1-2% DLBCL raising the differential diagnosis with blastoid or pleomorphic mantle cell 
lymphoma (MCL) [9-11].  Most of these tumors are SOX11 and CD5 negative and do not carry a CCND1-
rearrangement. However, the translocation has also been detected in some of these cases, but they are 
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negative for SOX11 and carry other oncogenic rearrangements, such as BCL2 and/or BCL6, and absence 
of mutations associated with MCL [10, 12].     

Some DLBCL express both MYC and BCL2 by immunohistochemistry (so-called double-protein 
expressors, DPE) at high levels, without the presence of rearrangements of these genes [13]. DPE 
without genetic double-hit can be seen in ABC-DLBCL despite nearly all cases of molecular double-hit 
lymphoma are of GCB-type. Recent analysis shows that cases that are DPE that are GCB-DLBCL do 
indeed confer a poor overall survival, but this was not seen with ABC-DLBCL from prospective 
randomized clinical trials [14]. Another study also showed that poor survival associated with DPE was 
dependent on other factors such as alterations of TP53.  But in the context of BN2/Cluster 1-like DLBCL 
with BCL6 translocations (see below), the DPE cases showed a favorable outcome [15]. This further 
underlines the complexity and heterogeneity of de novo DLBCL and the term DPE should not be used 
synonymously with true double-hit lymphomas. The ICC recommends deemphasizing DPE, since these 
cases most probably represent the final stage of different biological pathways.   

 

Cell of origin (COO) 

One of the key findings in DLBCL is in relation to its COO.  Two major molecularly distinct forms of 
DLBCL, NOS – identified by gene expression profiling (GEP) - have indicated different stages of B-cell 
differentiation.  The first having a profile characteristic of germinal center B-cells (GCB) and the second a 
profile characteristic of in vitro activation of peripheral blood B-cells (activated B-cell, ABC)[16].  A small 
subset of DLBCL cases have been identified as “unclassified” and not fitting in either the GCB or ABC 
category.   

The use of GEP for COO-determination has not been routinely introduced in the clinical setting.  Several 
immunohistochemical algorithms have been developed trying to reproduce the molecular 
subclassification in routine diagnostic tissues, the most widely used being the Hans algorithm, which 
distinguishes GCB from non-GCB DLBCL [17]. However, the prognostic impact of these IHC algorithms 
are limited. Recent trials in DLBCL using COO-classification per patient selection with incorporation of 
targeted agents have yielded disappointing results [18, 19].  A possible explanation for the negative 
findings is that the Hans algorithm may not provide an accurate DLBCL subtype classification because it 
shows only moderate concordance with GEP. This has been recently demonstrated especially in cases 
having abnormal co-expression of CD10 and MUM1, whereby the Hans algorithm is by default assigned 
to the GCB group but by GEP, 30-50% correspond to ABC-type DLBCL [20]. In addition, co-expression of 
CD10 and MUM1 may occur in large cell lymphomas with plasmablastic differentiation [21].  Other 
algorithms such as Tally and Choi methods have shown higher concordance with GEP compared to the 
Hans algorithm [22, 23]. However, there are technical difficulties with GCET1, FOXP1, and LMO2 that 
have hindered adoption of these algorithms [22]. Several assays are available that are robust and 
clinically validated to determine COO from FFPE tissue [24, 25]. Nevertheless, even with GEP, the COO-
classification has shown to be insufficient to capture the complex heterogeneity of DLBCL, NOS, and 
moving forward, a combination with recently reported molecular classifications may provide better 
stratification of the disease [26]. The ICC [2] recommends retaining the COO classification at the present 
time with the expectation that transition to a more precise molecular genetic classification integrating 
the sequencing analysis of these tumors will be feasible in the near future. A similar statement is made 
in the WHO-HAEM5 [3]. It is generally agreed that a technical harmonization between the different 
proposed genetic classifications and bioinformatic aspects supported by clinical trial is needed before it 
can be incorporated in daily routine diagnostics. 
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Molecular Classification of de novo DLBCL 

Recent molecular and cytogenetic profiling from multiple large multi-platform genomic studies showed 
4-7 molecular subgroups with overlapping features [27-30] (Table 2). Chapuy et al[28] and Wright et al 
[27] divided DLBCL into at least 4 genetic clusters with certain groups strongly enriched by COO-
subgroup.  For example, Chapuy’s cluster 3 has overlap with Wright’s EZB with these cases having 
frequent abnormalities in BCL2 and EZH2.  Another group with similarities seen in both studies are 
cluster 2 and A53 showing aneuploidy and frequent TP53 abnormalities.  However, other than the TP53 
abnormalities, there are few recurrent abnormalities that are seen within this group. Also, Lacy et al [30] 
- by using a targeted sequencing “only” approach - described 5 molecular subtypes with overlapping 
groupings similar to the other studies in 3 particular groups.  Cases with MYD88 mutations (Cluster 5, 
MCD) have a strong association with ABC-type DLBCL and contain the majority of primary CNS 
lymphomas, primary testicular lymphoma, and are associated with a poor prognosis.  Cases with a BCL2 
translocation (Cluster 3, EZB) are strongly associated with a GCB-type DLBCL and have a mutational 
profile that overlaps with follicular lymphoma.  These cases have a favorable prognosis but may also 
include cases of double-hit lymphoma with adverse outcome.  Cases with a NOTCH2 mutation (Cluster 1, 
BN2) do not show an obvious association with COO and have mutational similarities to marginal zone 
lymphoma.  Of note, in the study by Chapuy et al [28], all cases of DLBCL were obligated to be classified 
whereas only 65% of the cases were classified in the Wright et al [27] study. Although the studies show 
discrepancies, there are at least some encouraging findings that these 3 studies showed similar 
overlapping molecular subgroups of biological importance. These findings are at least a step forward in 
the right direction of developing a robust molecular taxonomy that could be used for clinical benefit. 
The publicly available LymphGen algorithm (https://llmpp.nih.gov/lymphgen/index.php) allows 
classification of DLBCL based on their genomic profile. Nevertheless, still ~35% of DLBCL are not 
classifiable with the current molecular method and there is still no ability to triage cases of DLBCL into 
genomic subgroups prospectively for clinical trial purposes.  

Tumor microenvironment  

Recent technological advances with multispectral immunofluorescence and mass spectrometry have 
provided insight into the complex interaction of tumor cells and the microenvironment. In DLBCL, the 
majority of the cellular component are sheets of neoplastic B-cells, but T-cells and macrophages are 
present and play a role in supporting these tumor cells. Recent studies looking at the TME in DLBCL have 
shown that increased CD4 T-cells or overall T-cell content have improved survival compared to cases 
that are devoid of T-cells (so-called cold tumors)[31, 32]. In addition, PD-L1 expression in the tumor cells 
and TME may identify cases that portend a poor survival, but this may be a useful biomarker to target 
not only the tumor cells but also the TME that has high expression [31, 33]. Another recent study 
illustrated using transcriptome deconvolution and single-cell RNA sequencing of various cell states 
within the TME forming “ecosystems.” Cases with a TME expressing high CD4 T-cells and TFH phenotype 
showed an improved survival [32]. While cases that showed a high CD8 T-cell content did not show a 
prognostic significance with R-CHOP but showed a specific benefit with bortezomib [32]. Overall, the 
TME of DLBCL appears to be important from the biologic and prognostic standpoint and potentially from 
the therapeutic aspect but more complex as various subtypes may exist even within defined genomic 
subtypes [32]. 

High grade B-cell lymphomas with MYC and BCL2 and/or BCL6 rearrangements 

The ICC recognizes two groups of high-grade B-cell lymphomas (HGBCL) with double genetic alterations, 
one with MYC and BCL2 rearrangement, and a provisional entity of HGBCL with MYC and BCL6 
rearrangement [2].  Those are categories defined genetically, which morphologically encompasses cases 
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with blastoid or intermediate cytology between Burkitt lymphoma (BL) and DLBCL with approximately 
half of the cases displaying a DLBCL, NOS morphology [1, 34] (Figure 1). The ICC also recognizes a third 
category of HGBCL without these double-hit alterations but with blastoid or intermediate cytology. 
Further information regarding HGBCL and double-hit lymphoma are discussed in the specific manuscript 
in this issue by King et al [35], but the fact that half of these cases have a DLBCL morphology deserves 
considering its differential diagnosis in this manuscript and emphasize the need for FISH studies using a 
sensitive probes to exclude these double-hit lymphomas.   

Large B-cell lymphoma with 11q aberration 

The 2017 WHO classification recognized a provisional entity called Burkitt-like lymphoma with 11q 
aberration, which pathologically and by GEP, overlapped with Burkitt lymphomas (BL) but lacked MYC 
rearrangement and instead harbors a telomeric 11q loss combined with 11q proximal gain.  These 
tumors are more frequently seen in children and young adults presenting with localized (stage I/II) nodal 
disease [36]. Recent studies have shown that these tumors may not have the monomorphic appearance 
as seen in BL and cytology may vary from medium- to large-sized cells (Figure 2). In contrast to BL, the 
tumors have a “starry sky” pattern with coarser phagocytosed apoptotic bodies [37].  These lesions 
typically have a phenotype similar to BL with expression of CD10, BCL6, and lack BCL2 by IHC.  Although 
not widely used, LMO2 is expressed in 50% of these tumors whereas it is usually negative in BL [36, 38].  
Genetic studies have shown these cases have recurrent mutations in BTG2, DDX3X, ETX1, NFRKB, EP300, 
and GNA13 but lack typical mutations seen in BL, such as ID3, TCF3, or CCND3 [36, 39] supporting the 
idea that these tumors are closer to GCB DLBCL rather than Burkitt lymphoma. The outcome of these 
patients are favorable after treatment. The Clinical Advisory Committee (CAC) conference supported the 
need to change the term Burkitt-like in this tumor but debated whether the most appropriate term 
could be “high grade B-cell lymphoma” or “large B-cell” lymphoma with 11q abnormalities. Finally, the 
latter was preferred due to the mutational profile similar to other GCB DLBCL and the favorable 
prognosis of these tumors significantly differs from the other HGBCL categories in this classification [36, 
40]. The WHO-HAEM5 has designated these cases as “High-grade B-cell lymphoma with 11q 
aberrations”[3].  The ICC considered maintaining this category as a provisional entity recognizing the 
need of additional studies. To further understand these tumors, it is important to identify them using 
copy number array or FISH analysis with the 11q probe in DLBCL/HGBCL that have a GCB phenotype, 
negative for BCL2 by IHC, high proliferation index with Ki-67 (>90%), and lack MYC rearrangement, 
particularly in young patients [37]. Copy number analysis by array may not be feasible at most 
institutions and the FISH probes for 11q should adequately identify these cases [36, 37].  Still an open 
question is whether cases with only 11q loss may be acceptable within the spectrum of the disease and 
additional studies are warranted to answer these questions. 

T-cell/histiocyte-rich large B-cell lymphoma (TCRBCL) 

TCRBCL is an aggressive B-cell lymphoma that usually affects middle-aged males with advanced stage 
disease and frequent involvement of the liver and spleen.  Most tumors arise de novo, but some cases 
may correspond to progression of nodular lymphocyte predominant Hodgkin lymphoma (NLPHL). The 
CAC conference considered the close biological relationship of these two entities and the difference of 
NLPHL with classic Hodgkin lymphoma. For these reasons, the CAC accepted the change of the term 
NLPHL to nodular lymphocyte predominant B-cell lymphoma (NLPBL) (See further discussion by 
Tousseyn et al in this issue) [41].  Histologically, TCRBCL shows scattered large, atypical cells which may 
be reminiscent of Lymphocyte Predominant (LP) large cells, centroblast-like, or Hodgkin-like nuclei 
(Figure 3).  The background shows numerous small reactive T-cells and extensive histiocytes which may 
be epithelioid. The immunophenotype of the cells are similar to LP cells with intact B-cell program but 
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are typically negative for IgD which can be seen in a subset of cases of NLPBL [42]. Genomic studies have 
identified recurrently mutated genes in JUNB, DUSP2, SGK1, and SOCS1 [43].  

Primary mediastinal large B-cell lymphoma (PMBL) 

PMBL is an uncommon subtype of NHL and accounts for approximately 10% of DLBCLs. The 
characteristic presentation is a mediastinal mass in young adults with a higher prevalence in women. 
Histologically, the tumors show sheets of large, atypical cells, often with clear cytoplasm in a 
background of fine fibrillary fibrosis (Figure 4). The tumor cells have an intact B-cell program with 
variable expression of CD30 and CD23.  Molecular studies show that PMBL is a distinct entity but has a 
close relationship with CHL. Constitutive activation of NF kappa B and JAK/STAT pathways has been 
recognized as a hallmark of this entity [44]. Recurrent alterations with the class II transactivator, CIITA 
[45, 46] and structural and copy number gains in the 9p24.1 locus (CD274 and PDCD1LG2) have been 
important in the pathogenesis and is a potential target for checkpoint blockade. Mutations in SOCS1, 
GNA13, and STAT6 were frequent in PMBL, further supporting the relatedness of this disease with CHL 
[47]. The distinction between DLBCL and PMBL is not always obvious but important as the management 
and prognosis differs. Dose-adjusted EPOCH-R is currently the treatment of choice for PMBL [48]. GEP 
utilizing the Lymph3Cx (LLMPP) provides a reliable method for separating DLBCL from PMBL [49]. 

Mediastinal gray zone lymphoma (MGZL) has morphologic and immunophenotypic features that are 
intermediate between PMBL and CHL. Both PMBL and CHL are believed to be derived from a thymic B-
cell. MGZL is hypothesized to be intermediate between CHL and PMBL. It was previously described in 
the 2017 WHO as provisional entity as B-cell lymphoma, unclassifiable, with features intermediate 
between DLBCL and CHL [1, 50]. MGZL is further discussed in other sections of this issue [41].  

Extranodal large B-cell lymphomas of ABC-subtype 
 
A number of DLBCL originate in extranodal sites with particular clinical features related to the 
topographic site of origin. Molecular and genetic studies have identified shared features among many of 
these categories including an ABC-phenotype and a mutational profile of the MCD/Cluster 5 subgroup 
with mainly MYD88L265P and/or CD79B mutations, that activate the B-cell receptor and toll-like receptor 
pathways and increase NF kappa B activity [27, 28].  These tumors include primary DLBCL of the CNS 
(PCNSL), primary DLBCL of the testis, primary cutaneous DLBCL, leg-type, intravascular large B-cell 
lymphoma, and other less well-defined categories such as primary breast or adrenal DLBCL. The ICC 
discussed extensively whether all these tumors should be included under a common umbrella termed 
“Extranodal lymphoma ABC/non-GCB type” but the final consensus was that there are still unresolved 
aspects, such as the molecular heterogeneity of some tumors in these locations, that require further 
studies. It is postulated that recognition of the specific entities will be better captured by upcoming 
molecular categorization integrated with more conventional information [2].        

PCNSL and primary DLBCL of the testis are recognized in the ICC as two different, although closely 
related entities characterized by unique clinical and molecular features, probably related to their 
topographic origin in immune privileged areas.  The majority of PCNSL (Figure 5) and primary DLBCL of 
testis have an ABC-like phenotype, which share frequent mutations involving MYD88 and CD79B [51, 
52].  Many of the cases show co-occurrence of these 2 mutations.  These tumors display a common 
molecular feature as seen in Cluster 5 and MCD [27, 28].  Because of the immune privileged sites and 
paucity of antigen presenting cells, mutations leading to constitutional activation of these signaling 
cascades may play a role due to lack of stimuli [51].  Recent evaluation of the tumor microenvironment 
in PCNSL shows that PD1 is highly expressed in the tumor infiltrating lymphocytes as well as PD-L1 in the 
tumor associated macrophages [53]. A retrospective analysis of PCNSL and primary DLBCL of the testis 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



8 
 

showed these cases had frequent copy number alterations related to PD-L1 and PD-L2 (9p24.1) and 
associated protein expression, which may be justification for anti-PD1 immunotherapy[54, 55].  
Therefore, primary DLBCL of the testis is now considered a distinct entity both in the ICC and WHO-
HAEM5; in the latter, it is listed under the umbrella term “Primary large B-cell lymphoma of immune-
privileged sites” and also includes “Primary large B-cell lymphoma of the vitreoretinal”[2, 3]. 

Intravascular large B-cell lymphoma, which is a rare form of DLBCL characterized by neoplastic large cells 
confined to the lumen of blood vessels and capillaries, although in some cases the neoplastic cells can 
infiltrate beyond the vessel walls and form extravascular tumor clusters or even tumor masses [56, in 
press]. These tumors carry a MYD88L265P mutation in approximately 40% of the cases, with a subset 
having a CD79B mutation (26%) [57]. Primary cutaneous DLBCL, leg-type is a rare subtype of DLBCL that 
preferentially involves the legs and is more common in older patients.  A recent study by Pham-Ledard 
et al found that these tumors showed frequent mutations with MYD88 (59%) and had a poor overall 
survival as compared to wild-type cases [58]. Primary breast DLBCL also has frequent MYD88 (59%) and 
CD79B (33%) mutations with a high number of cases expressing CD5 [59].   

Large B-cell lymphomas of other extranodal sites  

In addition to the ABC-DLBCL in the extranodal sites described above, large B-cell lymphomas in other 
locations such as bone and ovary are predominantly of GCB-subtype [60, 61]. Particularly, primary bone 
lymphomas show a GCB COO by GEP and have frequent mutations in B2M, TNFRSF14, IRF8, and EZH2 
[60]. Both B2M and TNFRSF14 mutations likely are important for the tumor cells to evade immune 
surveillance. EZH2 is commonly mutated in GCB DLBCL and follicular lymphoma and usually co-occurs 
with the BCL2 translocation. However, even though EZH2 was frequently mutated in these cases, only 
one case showed a BCL2 translocation [60]. Primary bone DLBCL also appears to show a good prognosis 
when treated with immunochemotherapy [60, 62]. Primary DLBCL of the ovary have been reported as 
being of GCB subtype, carrying translocations of BCL2, BCL6 or MYC only in occasional cases.  Additional 
studies will be necessary to determine if tumors in these locations represents distinct entities.  

HHV-8 and EBV-negative primary effusion-based lymphoma 

Primary effusion lymphomas (PEL) present as a high-grade malignant effusion in body cavities was 
defined by the 2017 WHO classification [1] as a tumor associated with KSHV/HHV8 and most cases occur 
in adult males with AIDS. PELs associated with HIV infection are mostly positive for EBV.  There are rare 
effusion-based lymphomas lacking HHV8. Although these cases have some overlap with typical PEL, the 
term PEL should be restricted for cases with HHV8 positivity.   

The ICC recognizes HHV-8 and EBV-negative primary effusion-based lymphoma as a new provisional 
entity characterized by unifying features including presentation in elderly patients, HIV-negative, and 
medical conditions leading to fluid overload [2].  These cases can be seen world-wide, but more than 
half of them have been reported in Japan [63]. The WHO-HAEM5 also recognizes a similar entity termed 
“fluid overload-associated large B-cell lymphoma”, but contrary to the ICC, accepts EBV-positivity in a 
subset of cases (up to 30%).  The ICC felt that EBV-positive cases should be excluded from this category 
as these are generally aggressive and/or associated with immunosuppression and would be best 
categorized as EBV-positive DLBCL, NOS or as polymorphic EBV+ B-cell LPD [64]. The pathogenesis of 
these tumors might be related to chronic serosal stimulation. Most cases show centroblastic or 
immunoblastic morphology and typically express pan B-cell markers (e.g. CD20 and CD19) and lack 
CD138 as compared to typical PEL. Many of these cases show a favorable prognosis with systemic 
chemotherapy and even some patients may have spontaneous regression or cure with drainage alone 
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[63, 65, 66]. Caution should be taken with these cases as this category should not include cases of tissue 
based DLBCL with associated effusion and careful clinical and radiographic evaluation is necessary. 
Patients with unknown clinical history of fluid overload should be phrased descriptively with the 
emphasis that clinical correlation is needed as this distinction is important due to the management and 
prognosis. Further studies are warranted to clarify whether these cases represent a distinctive entity 
and obtain consensus in the criteria that define this entity.  

Large B-cell lymphomas with terminal B-cell differentiation 

ALK-positive diffuse large B-cell lymphoma 

ALK-positive DLBCL is a rare and aggressive subtype characterized by large B-cells expressing ALK, mainly 
presenting in young immunocompetent patients. Morphologically, the nodes show a diffuse infiltrate of 
monomorphic large immunoblast-like cells. Some cases can show plasmablastic morphology and 
multinucleated neoplastic giant cells may be present (Figure 6). The tumor cells express plasma cell 
markers such as CD138 and BLIMP1 while they are negative for the pan-B-cell markers CD20, CD79a, and 
PAX5.  MUM1, EMA and STAT3 are positive but CD30 is negative [67, 68]. The tumor cells have a 
restricted granular cytoplasmic staining with ALK protein which is indicative of the CLTC::ALK fusion, 
which is the most frequent translocation, t(2;17)(p23;q35). These tumors lack EBV, HHV8 and pan T-cell 
associated markers as well as MYC rearrangements [68]. ALK inhibitors have been used in conjunction 
with chemotherapy and has showed mixed responses [69, 70]. 

Plasmablastic lymphoma (PBL) 

PBL is an aggressive B-cell neoplasm, mainly occurring in immunodeficient patients, characterized by 
sheets of large, atypical cells with an immunoblastic or plasmablastic morphology with expression of 
plasma cell markers and commonly associated with EBV, especially in HIV-positive patients (Figure 7). 
Approximately 50% of cases have a MYC rearrangement, more commonly seen in the EBV-positive 
cases. Most cases present in extranodal sites, mainly in oral and upper respiratory mucosa and 
gastrointestinal tract. Recent studies have shown a particular mutational profile different from DLBCL 
and multiple myeloma, frequently involving genes of the MAPK and JAK/STAT pathways and TP53 [71, 
72]. EBV-negative PBL show higher mutational and copy number abnormalities with more frequent 
mutations in TP53, CARD11, and MYC.  In contrast, EBV-positive PBLs tend to have more mutations 
related to STAT3 [71]. Interestingly, a similar pattern of mutations was seen in HIV-associated DLBCL 
related to EBV status [73]. 

HHV8-positive diffuse large B-cell lymphoma, not otherwise specified 

HHV8 is a gamma herpesvirus involved in the development of various lymphoid neoplasm such as PEL, 
multicentric Castleman disease (MCD), germinotropic lymphoproliferative disorder (GLPD), and HHV8-
positive diffuse large B-cell lymphoma, NOS (HHV8+DLBCL).  HHV8+DLBCL is rare and often arises in the 
setting of MCD. Aggregates of plasmablasts can be present in MCD and are positive for viral IL-6, IgM, 
and lambda light chain. These plasmablast aggregates do not efface the underlying architecture. In 
contrast, HHV8+DLBCL cells form sheets and destroy the underlying normal architecture [74]. These 
tumor cells resemble plasmablasts or immunoblasts and have variable staining with B-cell markers, such 
as CD20, and are positive for MUM1 but typically negative for CD138.  Also, in contrast to the 
plasmablast aggregates seen in MCD, HHV8+DLBCL shows clonal immunoglobulin gene rearrangements.  
Outcomes in HHV8+DLBCL is very poor especially in persons living with HIV/AIDS (PLWH). 
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Primary effusion lymphoma (PEL) 

PEL is also a rare and aggressive B-cell neoplasm defined by the presence of HHV8 typically occurring in 
the pleura, peritoneum, and pericardium. Most cases are also EBV-positive; however, rare EBV-negative 
cases exist (typically elderly individuals without HIV)[75, 76]. Solid lesions of PEL (so-called extracavitary 
PEL) arise in lymph nodes or extranodal sites such as skin and the GI tract. PEL most frequently occurs in 
PLWH especially in patients with low CD4 cell counts, but is also seen in immunocompetent elderly men 
from HHV8-endemic areas or other immunodeficiency states such as solid organ transplant [77]. The 
cells are large and pleomorphic resembling immunoblasts and plasmablasts and HRS cells can be seen 
(Figure 8). These tumor cells typically lack B and T-cell markers but are positive for plasma cell markers 
and are usually positive for CD30 and EMA [74]. The prognosis of PEL remains poor. PEL can be seen in 
conjunction with multicentric Castleman disease and have a negative impact on survival [78]. 
Extracavitary PEL in elderly, HIV-negative individuals are usually EBV-negative. The differential diagnosis 
with HHV8-positive DLBCL might be difficult. The latter should be favored in EBV-negative cases with 
cytoplasmic IgM, lambda restriction and/or association with multicentric Castleman disease. 

Conclusion 

The recent growth of genomic information in lymphoid neoplasms have provided new insights to the 
driving mechanisms and pathogenesis of DLBCL. These studies have expanded the view of DLBCL as a 
heterogenous and complex group of diseases which prognosis and response to treatment is dependent 
on multiple factors such as clinical features, genomic subtypes, and interplay of the TME.  Further 
clinical trials and novel therapies incorporating these new biomarkers will prove challenging but should 
provide impact in the management and guide treatment for this aggressive disease in the near future.  
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Figure Legend 

Figure 1. High-grade B-cell lymphoma with MYC, BCL2, and BCL6 rearrangement. A) Sheets of large, 

atypical cells with irregular nuclear contours, and open chromatin. In this case, the “triple-hit” 

lymphoma has a centroblastic appearance and is positive for B) CD20, C) CD10, and D) shows a high 

proliferation index of nearly 100% with Ki-67. 

Figure 2. 11q large B-cell lymphoma. The tumor cells are not typical of Burkitt lymphoma and show 

irregular nuclear contours with variation in size with vesicular chromatin, and prominent nucleoli. Note, 

the abundant coarse apoptotic bodies characteristic of the disease. 

Figure 3. T-cell/histiocyte-rich large B-cell lymphoma. A) The large tumor cells are scattered and 

somewhat inconspicuous in the rich background of small T-cells and histiocytes. B) CD20 immunostain 

highlights these scattered large tumor cells C) as well as Oct2. D) There are numerous CD8-positive T-

cells that are the predominant T-cell population.  

Figure 4. Primary mediastinal large B-cell lymphoma. A) The large tumor cells show abundant clear 

cytoplasm with a background of fine fibrillary fibrosis. B) These tumor cells are positive with CD23. 

Figure 5. Primary DLBCL of the CNS. A) Sheets of tumor cells with apoptotic bodies. B) These cells are 

positive for CD20. 

Figure 6. ALK-positive DLBCL. A) Large pleomorphic cells that are B) positive for CD138, C) Oct2, D) and 

has a cytoplasmic granular distribution with ALK immunostain. 

Figure 7. Plasmablastic lymphoma. A) Large cells many with one central nucleolus and abundant 

cytoplasm. B) Higher magnification with Giemsa stain that highlights the blastic chromatin, large central 

nucleolus and moderate basophilic cytoplasm. C) CD20 stain is negative in the tumor cells. D) MUM1 is 

positive in the majority of the tumor cells. E) MYC stain is strongly positive in the majority of the tumor 

cells suggesting a MYC translocation. F) The cells are CD10 positive. G) Epstein-Barr encoding small RNA 

(EBER) in situ hybridization is positive in the tumor cells.  

Figure 8. Primary effusion lymphoma. A) The fluid specimen shows large, atypical cells that are B) 

positive for CD79a, C) HHV8, and D) EBER by in situ hybridization.   
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Table 1. Large B-cell lymphomas 

Diffuse large B-cell lymphoma (DLBCL), NOS 
 Germinal center B-cell subtype 
 Activated B-cell subtype 

Large B-cell lymphoma with 11q aberration* 

Nodular lymphocyte predominant B-cell lymphoma** 

T-cell/histiocyte-rich large B-cell lymphoma 

Primary mediastinal large B-cell lymphoma 

Extranodal large B-cell lymphomas of ABC-subtype 
 Primary DLBCL of the CNS 
 Primary DLBCL of the testis 
 Primary cutaneous DLBCL, leg-type 
 Intravascular large B-cell lymphoma 

HHV8 and EBV-negative primary effusion-based lymphoma* 

EBV-positive DLBCL, NOS** 

DLBCL associated with chronic inflammation** 
 Fibrin-associated DLBCL 

Lymphomatoid granulomatosis** 

EBV-positive polymorphic B-cell lymphoproliferative disorder, NOS** 

Large B-cell lymphoma with terminal B-cell differentiation 
 ALK-positive large B-cell lymphoma 
 Plasmablastic lymphoma 
 HHV8-positive DLBCL 
 Primary effusion lymphoma 

*Entities in italics have a different nomenclature from the WHO-HAEM5. **Entities that are not 
described in this section of the review. 

 

Table 2. Molecular subtypes associated with B-cell derivation and characteristic genomic alterations. 

Molecular subtype  B cell derivation Characteristic Genomics 

Cluster 2/A53 Unknown Copy number alterations, TP53 

N1 Naïve B cell NOTCH1 

Cluster 1/BN2 Marginal zone BCL6, NOTCH2 

Cluster 3/EZB-MYC+ GC: Centroblasts/Dark zone MYC, BCL2, EZH2 

Cluster 4/ST2/SGK1 GC SGK1, SOCS1, TET2 

Cluster 3/EZB-MYC- GC: Centrocytes/Light zone BCL2, EZH2 

Cluster 5/MCD Memory B cell MYD88, CD79B 

GC: germinal center. Molecular subtype based on Wright et al [27]and Chapuy et al [28]. Table adapted 
from Morin et al[79] 
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