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Abstract

Tumors derived from B-lymphocytes at their various stage of maturation and differentiation
(human B-cell lymphomas and leukemias) are the commonest hematological malignancies.
Previous editions of the World Health Organization (WHO) classification of Hematopoietic
and lymphoid neoplasms, edited in 2001, 2008, and 2017, intended to standardize the
diagnosis of hemopoietic neoplasms overall.

Recent advances in lymphoma research, mostly based on genomic as well as molecular
analyses, have dramatically expanded our knowledge of lymphoma biology, this leading to
improved diagnostic criteria, upgrading of provisional entities, and identification of new
tumor types.

In 2022, two frameworks for classifying hematolymphoid neoplasms were proposed: the
WHO-HAEM5 and the International Consensus Classification (ICC). Since a common
nosography is essential for advancing health science and providing a foundation for precision
medicine, it is critical to recognize possible differences and harmonize the diverse approaches.
In this article, the Authors summarizes the key differences between the two most recent
classifications by focusing on tumors derived from B-lymphocytes and plasma cells.

Introduction

Hematological neoplasms have been classified in a variety of ways, mostly based on histology
and distinct tissue architecture, with some differences sometimes based on geographic regions
(such as Europe vs. the USA). The International Consensus Classification (ICC) and the fifth
edition of the WHO classification (WHO-HAEM-5) are the two most recent updated
classifications that are now accessible for both lymphoid and myeloid neoplasms. These two
different updates continue to classify hematopoietic neoplasms by integrating morphology
(cytology, histology, tissue architecture), clinical attributes (e.g., acute versus chronic,
cytopenias/cytoses), lineage (based on immunophenotype), and cytogenetic/molecular
features. (1-4)
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Lymphoid neoplasms are a heterogeneous group of lymphoproliferative disorders originating
from B and T lymphocytes. B-cell lymphomas can arise at any stage of normal B-cell
development, but most are derived from germinal center cells. (5) Both the ICC and the WHO-
HAEMS5 initially categorize lymphoid malignancies based on their immunophenotype. This
distinguishes B-cell lineage versus T- and NK-cell-associated neoplasms. These categories
are then further divided into precursor neoplasms and mature neoplasms. The general
classifications of lymphoid malignancies in ICC and WHO-HAEMS5 remain largely
unchanged from the previous WHO-HAEMA4R. However, both methods involve some

modifications to the classification and nomenclature of certain lymphoid neoplasms. (1, 2, 6)

Among the main striking differences between the two classifications (1, 2), a new category of
tumors and tumor-like lesions, predominantly composed of B cells, has been added to the list
of WHO-HAEMS. 1t is called "Lymphoid proliferations and lymphomas associated with
immune deficiency and dysregulation”. Additionally, two new categories of lymphoid
malignancies have been included: "Transformations of indolent B cell lymphomas™" and
"Primary large B cell lymphoma of immune-privileged sites.”" Furthermore, two rare entities
from WHO-HEAMA4R, "Hairy cell leukemia variant” (a provisional entity) and "B
prolymphocytic leukemia,” were combined to become "Splenic B cell lymphoma/leukemia
with prominent nucleoli* by WHO-HAEM5.0n the other hand, ICC retained "B

prolymphocytic leukemia™ and "Hairy cell leukemia variant” (a provisional entity).

In the following, the Authors revised the WHO-HAEMD5 and ICC 2022 schemes, highlighting
the main differences between them, by focusing on mature B-cell lymphoma and plasma cell
disorders. To facilitate clinical use, we identified and described five major groups, hamely
pre-neoplastic lesion, indolent B-NHL, aggressive B-NHL, HL, and plasma cell disorders.
KSV/HHV8 associated lymphoproliferative diseases will be discussed apart, as includes

entities with remarkable different clinical aggressiveness.
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Pre-neoplastic lesions and processes of still undetermined
malignancy of B-lymphocytes

Monoclonal B-cell lymphocytosis

Monoclonal B-cell lymphocytosis (MBL) is a condition characterize by the presence of
monoclonal B-cells in the peripheral blood (PB), but without reaching the value 5 x 10%/L, in
absence of any other symptoms/sign of B-cell lymphoproliferative disease (7). In the WHO-
HAEMS5 it is classified into three categories (low-count MBL or clonal B-cell expansion,
CLL/SLL-type MBL, and non-CLL/SLL-type MBL). In the ICC, by contrast, it is classified
into two categories (CLL-type and non-CLL type) (table 1). Individuals with CLL-type MBL
present with above 2 x 10%L CD5+/CD19+ B-lymphocytes and may experience a gradual
increase in their counts over time. The likelihood of requiring therapy for progressive CLL is
still relatively low. (8) Non-CLL/SLL-type MBL is a monoclonal B-cell growth characterized
by non-CLL immunophenotype and absence of any symptoms or signs of another mature B-

cell neoplasm, and it is typically associated with marginal zone origin. (9)

In situ mantle cell neoplasm (ISMCN)(WHO-HEAMD5)/In situ
Mantle cell neoplasia ICC

“In situ MCL” is an extremely rare tumor, a few cases are described in the literature. Because
of its rarity, its clinical behavior is still unclear. (10) It is characterized by the proliferation of
the mantle zones of lymphoid follicles by B cells harboring an IGH-CCND1 fusion resulting

in cyclin D1 overexpression. (11)

There is still debate surrounding the meaning of "in situ MCL" - whether it is an early MCL
colonization or a precursor lesion. However, research has shown that patients with incidentally
identified "in situ MCL" do not develop an overt illness, regardless of whether therapy is
administered or not. In some cases, "in situ MCL" is discovered retroactively years before
overt MCL is detected. (12) It is crucial to differentiate between these two groups to decide
the best therapeutic approach. (10, 13)

Page 4 of 45


https://doi.org/10.62684/PYHQ4306

Piccaluga et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/PYHQ4306

WHO-HAEMD5 adopted the termnology in situ mantle cell neoplasm (ISMCN). On the other

hand, ICC retained the old name of in situ mantle cell neoplasia. (1, 2)

Indolent B-NHL
B-Chronic lymphocytic leukemia/small lymphocytic lymphoma

CLL/SLL is a malignancy of small, mature lymphocytes that can present either as a leukemia
(CLL) or a corresponding lymphoma (SLL). Diagnostic criteria for CLL/SLL are the same in
ICC and WHO-HAEMS5 and are based on the detection of crucial immunophenotypic markers
namely CD19, CD5, CD23, CD20%™ and surface or cytoplasmic kappa and lambda light
chains. Other immunophenotypic markers may be used to differentiate CLL cases from other
small B-cell lymphomas/leukemia like CD10, CD43, CD79B, CD81, CD200, and ROR1.(14)

Karyotypic analysis for chromosomal abnormalities like del(11q), del(13q), del(17p), and
trisomy 12, mutational status of TP53 gene and immunoglobulin gene heavy chain variable
(IGHV) region somatic hypermutation (SHM) are considered crucial for prognosis and choice
of therapy (15, 16). Mutations of NOTCH1, SF3B1, and BIRC3 may carry prognostic
importance but they remain optional in the diagnostic workup (17). In the future, these

mutations may be included in a more refined prognostic scores index. (18).

It is crucial to differentiate between diffuse large B-cell (Richter) transformation and
accelerated CLL. The first involves sheets of large cells, rather than only increased
proliferation sites, enriched in prolymphocytes and paraimmunoblasts. Recently, reversible
sheet proliferations of huge have been discovered in CLL patients treated with ibrutinib after
sudden stoppage of treatment but it is found to be reversible after reintroduction of ibrutinib.
(19-21).

B-cell prolymphocytic leukemia (ICC)

B-cell prolymphocytic leukemia (B-PLL) is a rare mature B-cell tumor that often carries a
decimal prognosis. (22) Males are significantly more likely than females to have B-PLL,
which predominantly affects elderly people. B-PLL are found to have greater than 55%
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prolymphocytes in the PB, and typically present with huge splenomegaly, bone marrow

involvement, and lymphocytosis. (23, 24)

In WHO-HAEMS5, B-PLL has been removed and has been added under the title “splenic B-
cell leukemia with prominent nucleoli” (SBLPN). (2) On the Other hand, ICC retained this
entity but they recommended it be differentiated from other disease categories such as PLL
progressed from CLL, MCL, HCLv, and splenic marginal zone lymphoma (SMZL) so cases

must lack cyclinD1 and SOX1 expression, hairy cell projection, and history of CLL illness.

1)

Splenic B-cell lymphomas and leukemias

Hairy cell leukemia

Hairy cell leukemia (HCL) is a rare mature B-cell leukemia; despite the cell of origin still
unclear, the transcriptional profile resembles memory B-cells. HCL carries distinctive
clinicopathological criteria. A meticulous examination of the peripheral blood smear
constitutes the initial stage in the distinctive morphological recognition of hairy cells and a
trephine bone marrow biopsy is mandatory to determine tumor infiltration with a typical fried
egg appearance. HCL cells are typically CD11c, CD103, CD123, and CD25 positive for An
immunological score was proposed which consists of four markers (CD11c, CD103, CD123,
and CD25), with one point given to each of them when it is expressed and no point when it
is not expressed. A score of 3 or 4 is observed in 98% of cases of HCL.(25, 26).
BRAF V% somatic mutation is the driver oncogenic mutation in most cases of HCL and it

carries therapeutic application.

Both WHO-HEAMS and ICC don’t change the nomenclature or the diagnostic criteria of
HCL.

Splenic marginal zone lymphoma

Splenic marginal zone lymphoma (SMZL) is a small B-cell lymphoma, and it has been
categorized as a single entity by WHO since 2008. The disease is primarily diagnosed based
on the gradual onset of spleen enlargement, which may be accompanied by autoimmune
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disorders like autoimmune hemolytic anemia or abnormalities in the complete blood count
(AIHA) causing cytopenia. The disease progresses slowly and is typically observed in
individuals above the age of 67 years. After ten years, the survival rates range from 67% to
95%.(27, 28) Flow cytometry analysis showed that the cells are FMC7+, CD24+, and CD27+.
They may not be as bright as other types of splenic lymphomas, such as splenic diffuse red
pulp small B-cell lymphoma or HCL, but they typically react to CD22 and CD11c. While the
CD103 is sometimes faintly positive, the CD123 is always negative. Annexin Al and CD25
are usually negative in such cases, regardless of the analytical method used.CD180 is a useful
immunologic marker in MZL. Additionally, the staining intensity of CD180 may suggest a
splenic origin for the lymphoma since SMZL and SDRPL express high levels of it. (29, 30)

At genetics, few recurrent abnormalities have been observed, distinct from other B-cell
lymphomas. The most common is 7q deletions, occurring in 30-40% of cases. (31) However,
recently, next generation sequencing allowed the identification of a number of additional gene
mutations affecting NOTCH2 (10-25% of cases), KLF2 (20-30%), TP53 (10-15%), and
mutations affecting the NFxB pathway like CARD11, TNFAIP3, TRAF3, or BIRC3 (32, 33).

The definition of SMZL in ICC and WHO-HAEMS remains unchanged.(1, 2)

Splenic diffuse red pulp small B-cell lymphoma (SDRPL)

Splenic diffuse red pulp small B-cell lymphoma (SDRPL) is a rare primary splenic non-
Hodgkin's lymphoma (NHL) that can affect peripheral blood, bone marrow, and the red pulp
of the spleen. It is composed of small B-lymphocytes. Initially recognized as a distinct entity
in the 2008 WHO classification of lymphoid neoplasms, SDRPL was classified as a

provisional group. (34)

Clinically it is characterized by splenomegaly, lymphocytosis, and cytopenia. The diagnosis
of SDRPL relies on splenic histology (red pulp with blood lakes) and immunohistochemistry,
although a positive immunophenotype in bone marrow (BM) with a purely intra-sinusoidal
pattern or in peripheral blood (PB) with the predominance of villous lymphocytes can also

suggest the diagnosis. (35) It is crucial to differentiate SDRPL from other primary splenic
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lymphomas because it exhibits several clinical and laboratory characteristics in common with
HCL, SMZL, and HCL variant (HCL-v).

SDRPL is Immunophenotypiically characterized by CD20, DBA.44 (20 to 90%), and 1gG
expression, while it is typically negative for CD5, CD10, CD23, cyclin D1, CD43, annexin
Al, CD11c, CD25, CD123. Most SDRPL express cyclin D3, distinguishing it from other B-
cell lymphomas.(35, 36)

SDRPL is considered an entity in WHO-HAEMS5 and a provisional entity in ICC.(1, 2)

Splenic B cell lymphoma/leukemia with prominent nucleoli (SBLPN)Y(WHO-HEAMS5)

Splenic B cell lymphoma/ leukemia with prominent nucleoli (SBLPN) is a new entity
introduced by WHO-HEAMS5 including the previous term hairy cell leukemia variant and
CD5 negative prolymphocytic leukemia. This entity is not included in ICC. SBLPN is an
uncommon entity that is often CD25-negative on flow cytometry. However, mutational
analysis (e.g., BRAFV600E) can aid in distinguishing SBLPN from HCL in dim CD25-
positive cases. (37) (38).

Lymphoplasmacytic lymphoma
Lymphoplasmacytic lymphoma (LPL) is defined as a mature B-cell neoplasm that consists of

a mixture of tiny B lymphocytes, plasma cells, and plasmacytoid lymphocytes. (39, 40)

WHO-HAEMS5 classified LPL into two types,namely Waldenstrom macroglobulinaemia
(WM) and Non-Waldenstrém macroglobulinaemia (including cases with IgG or IgA
monoclonal proteins, non-secretory LPL, and IgM-LPL without BM involvement).
Waldenstrom macroglobulinaemia (WM) usually comes with bone marrow involvement, the
presence of an IgM monoclonal paraprotein, and hyperviscosity, whereas lymph nodes and
spleen are rarely involved. On the other hand, LPL of non-WM is rare and mainly composed
of cases without bone marrow involvement and/or the absence of IgM protein. (39) WM can

be associated with hepatitis C infection, as well as type Il cryoglobulinemia. (41)
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At immunophenotyping, LPL typically expresses IgM+, CD5+/-, CD10-, CD19+, CD20+,
CD22+, CD23-, CD25+, CD27+, and FMC7+, with CD103-, CD138-. The plasmacytic
component is CD138+, CD38+, and CD45- or dim.(42)

MYD88 L265P mutation is considered to be the hallmark and the driver mutation in 90% of
WM-LPL cases and it is an essential marker in the differential diagnosis between it and plasma
cell myeloma and other small cell lymphoma. (43) Cases with MYD88 mutation and
CXCR4 mutations (30 - 40%) are associated with drug resistance and heavily infiltrated bone

marrow involvement. (44)

According to the ICC, LPL can be diagnosed even when neoplastic cells clusters represent
less than 10% in trephine bone marrow biopsy, while in the WHO-HAEMS LPL could be
diagnosed only when clonal lymphoplasmacytic aggregates represented >10% of BM

cellularity in trephine biopsies. (1, 2)

Extranodal marginal zone lymphoma and nodal MZL

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT

lymphoma)

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT

lymphoma) can occur in various locations and is often linked to autoimmune conditions
(e.g. Sjogren syndrome and Hashimoto thyroiditis) resulting in inflammatory lymphoid
populations or chronic antigenic stimulation by infectious pathogens. Gastric MALT is the
most common site, other common sites include the ocular adnexa, salivary glands, skin,
conjunctiva, lungs, thyroid, and breasts. (45, 46). The diagnosis of MALT lymphoma largely
depends on histopathological examination and immunohistochemical staining,
morphologically, the neoplastic cells are usually heterogeneous small to medium-sized cells
ranging from lymphocyte- and centrocyte-like to monocytoid with some plasma cell
differentiation. At the mucosal sites, the malignant cells form a pathognomonic feature called
the lympho-epithelial lesions, follicular colonization are also may be observed. The clonal

cells are usually positive for B-cell antigens including CD19, CD20, CD22, CD79a and
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CD79b, and are negative for CD5, CD3, CD23, CD11c and CD10. The only specific marker
is IRTAL, typically expressed by MZL (47).

Despite the heterogeneity of the etiological factors, the anatomical sites of presentation, and
the treatment approach, both ICC and WHO-HAEMS5 continue not to classify MALT
lymphoma according to the site except for cutaneous type which is considered now as a new
entity in both of the classification systems. (1, 2)

Nodal Marginal Zone Lymphoma

Nodal MZL is the least prevalent of all the subtypes of MZL, the disease generally behaves
in an indolent but disseminated fashion. Histological transformation is found in 3-15% of

patients with nodal MZL and is often associated with a poor outcome. (46)

Clinically, Nodal marginal zone lymphoma patients often have lymphadenopathy and splenic
involvement, which can make it difficult to differentiate from SMZL. Immunostaining for
IRTAL1 may help in differential diagnosis. (48) These patients also exhibit IgM
paraproteinemia without the presence of a MYD88 mutation. It has been found that 20% of
individuals with nodal MZL have PTPRD mutations, which appears to be a unique

characteristic of this particular form of lymphoma. (49-51)

There are no changes in both classifications regarding the nomenclature and the diagnostic
criteria of Nodal MZL.(1, 2)

Pediatric nodal marginal zone lymphoma (pNMZL)

Pediatric nodal marginal zone lymphoma is one of the rarest B-cell lymphomas and is now
considered a distinct entity on WHO-HEAMS but it is still considered a provisional entity in
ICC.(1, 2). Although they are more commonly observed in children, they can also occur in
adults. (52, 53) It shows overlapping features with pediatric-type follicular lymphoma, but
they cannot be grouped under the same entity.

In children, a male predominance is observed and most cases are asymptomatic with localized

(stage 1) disease, low relapse rates, and an excellent outcome. (54) Therapeutic approaches
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used, (observation alone, surgical resection, chemotherapy, radiotherapy, steroids, antibiotics,
and rituximab), overall survival remains 100%, suggesting that both MZLs are curable in
children. (55)

Primary cutaneous marginal zone lymphoma (PCMZL)WHO-HEAMS5)/ primary
cutaneous marginal zone lymphoproliferative disorder (ICC)

Diagnosing primary cutaneous marginal zone lymphoma (PCMZL), which is one of the major
subtypes of primary cutaneous B-cell lymphoma, can pose a challenge due to the inclusion of
benign cutaneous lymphoproliferations as well as other primary or secondary cutaneous B-

cell or T-cell lymphomas in the differential diagnosis. (56)

PCMZLs typically involve the skin without evidence of extracutaneous spread at the time of
diagnosis. PCMZL usually occurs with red-violaceous, small, solitary, or multiple papules or
nodules and rarely plaques with very indolent course, preferentially located on the trunk, arms,
and occasionally the head. transformation to higher grade NLH is reported and it is associated
with decimal outcome. Histologically, PCMZL is characterized by a dense dermal lymphoid
infiltrate, which is most often arranged in a vaguely nodular or diffuse pattern. The infiltrate
usually fulfills the dermis and extends to the hypodermis. Neoplastic cells are CD20+,
CD79A+, BCL2 + CD5-, CD10-, and BCL6- . PCMZL has two subtypes according to the
type of cellular infiltrates and CXCR3 expression. (57, 58)

According to the EORTC/ISCL recommendation, people with one or a few nearby tumors
may find radiation therapy or surgery helpful, to be curative. Low-dose radiation therapy
(LDRT) (4 Gy) may be preferred due to its high response rates and ability to minimize acute
toxicity. (57) Patients can also be treated with an antibiotic regimen against Borrelia which is

involved as an etiological factor in PCMZL lymphogenesis. (59)

ICC refers to PCMZLs as “primary cutaneous marginal zone lymphoproliferative disorder”,
avoiding the term lymphoma due to its indolent behavior, long term survival with non-
intensive therapy, and usually localized spread; cutaneous recurrences, however, are not rare.
In the WHO-HAEMS, the term “PCMZL” was maintained.(1, 2)
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Follicular lymphoma

Follicular lymphoma (FL) is the second most common type of lymphoma worldwide,
displaying germinal center origin (60). Unfortunately, conventional chemotherapy is not very
effective in curing the disease, despite its generally slow-growing nature. Even after the initial
clinical remission, the disease tends to come back, become resistant to medication, and in

some rare cases, progress into a secondary diffuse large B-cell lymphoma. (61, 62)

WHO-HEAMS updated the terminology “in situ follicular neoplasia” into “in situ follicular

neoplasm”, while in the ICC the name remained unchanged.(2)
According to WHO-HEAMS follicular lymphoma is classified into 3 subtypes:

1. classic FL (cFL) which represents the vast majority of cases and harbours t14;18),

with at least partial follicular growth pattern;

2. follicular large B-cell lymphoma (FLBL), largely overlapping with previously named
FL grade 3B;

3. FL with uncommon features (uFL), which is further subdivided into two subtypes:
e FL with blastoid features;
e FL with predominantly diffuse growth pattern.

The histologic grading system for classical follicular lymphoma is not included in
WHO-HAEMS, this major revision was based on a massive literature review and experts'
opinions as it was found that the molecular profile of follicular lymphoma is intimately related
to that of normal centrocytes, irrespectively of the histological grade, with a definite
homogenous gene expression profile (60). Additionally, this grading system is based on
enumeration of centroblast per high-power field (HPF) it is very descriptive as it may be
affected by the type of sample whatever excisional or core needle biopsy, and method of

identification and enumeration of the centroblasts (63-65).
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On the other hand, the ICC retained the histologic grading of classical follicular lymphoma,

and introduced two new definitions (1):

1. BCL2-R-negative, CD23-positive follicle center lymphoma (provisional entity) which

corresponds to FL with predominantly diffuse pattern in WHO-HEAMD5;

2. Testicular follicular lymphoma, as separate entity from pediatric follicular lymphoma.

Both classifications pointed out the relevance of the so called POD24 (progression of disease
within 24 months). These patients represent the major challenge in FL treatment and
identification of reliable biomarkers is a main need for future studies. Remarkably, FL grade
3B, for long time debated whether to belong to FL or to DLBCL chapters, was eventually

confirmed to be a FL, as already indicated by gene expression profiling (60).

Pediatric follicular lymphoma duodenal lymphoma and cutaneous follicle lymphoma are the
same in both ICC and WHO-HAEMS.(1, 2)

Aggressive Lymphomas

Mantle Cell Lymphoma

Mantle cell lymphoma (MCL) is a B-NHL with a mainly aggressive but heterogeneous,
clinical course. MCL accounts for 3% to 10% of adult NHL.(10, 13)

The occurrence and proliferation of MCL clones is mediated by a complex interplay of cellular
and microenvironmental factors; the first include CCND1 (Cyclin D1) overexpression, which
represents the hallmark of the MCL biology, SOX11 overexpression, TP53 mutations, and
other recently discovered molecular alterations such as chromosomal complexity, NSD2,
NOTCHZ2, UBRS5, BIRC3, TRAF2, MAP2K14, KMT2D, CARD11, SMARCA4, and BTK that
have been linked to target therapy resistance (66). Additionally, tissue microenvironment

plays a crucial role in the survival of MCL clones. In MCL patients, the microenvironment of
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lymph nodes differs from that of peripheral blood, showing a distinct expression of genes

associated with canonical NFkB pathways and BCR signaling. (67)

Regarding The WHO-HEAMS5 and The ICC, there is no major update in the diagnostic criteria
or the nomenclature of MCL (1, 2).

Non-nodal MCL (nnMCL)

Non-nodal MCL (nnMCL) is the “indolent” variant of MCL, as recognized by both WHO-
HEMD5 and ICC. It is characterized by a less aggressive clinical course than MCL, blood, and
bone marrow involvement without nodal involvement. The malignant clones show negativity
for SOX11 expression, ATM mutations/deletions, or TP53 mutations and a high load of

somatic IGH hypermutations.

nnMCL can progress to cMCL with an aggressive clinical course when it acquires subclonal
mutations like TP53 or ATM.(68-71)

High-grade transformation of indolent lymphoma
For the first time, WHO-HEAMS introduced a new entity named high -grade transformation
of indolent B cell lymphoma. It includes all secondary aggressive lymphomas derived from a

transformation of a previously identified lymphoma.

One of the indicators of a poor outcome in the progression of indolent lymphomas like CLL
and FL is when it transforms into an aggressive lymphoma, usually diffuse large-cell B-
lymphoma (DLBCL) (72). Upon transformation, the immunophenotype of the original
lymphoma is often preserved. The transformation can be associated with disease spread
throughout the body. Signs of transformation may include enlarged lymph nodes, elevated
levels of LDH, and systemic symptoms. A tissue architecture observation is necessary to
confirm the diagnosis of transformation, and fine needle aspiration biopsy is not sufficient for

this purpose.

This entity is not listed by ICC (1).
Large B cell lymphoma
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Diffuse large B-cell lymphoma (DLBCL), NOS remains the commonest
aggressive lymphoma and the commonest overall. It is recognized that the
current knowledge still fails to unequivocally distinguish different diseases that
probably coexist under the umbrella of the term DLBCL/NOS. However, there
Is some evidence that based on genetic and transcriptional profiles, this entity

can be better stratified.

In addition, the WHO-HAEMS recognizes 17 specific entities as “large B-cell
lymphomas” other than DLBCL, NOS.(2) Despite not substantially changed
from WHO-HAEMA4R, certain entities' names have changed for uniformity,
from "diffuse large B-cell lymphoma" to "large B-cell lymphoma," recognizing
that a diffuse growth pattern is either not noticeable or present, or it is not

evaluated in some categories. (2)

Diffuse large B-cell lymphoma (DLBCL), NOS

DLBCL is the commonest lymphoma subtype and accounts for nearly 35 percent of all NHLs
in developed countries. (73) DLBCL is mainly composed of large-sized (unusually medium-
sized) B lymphoid cells, with large nuclei, usually more than twice as large as those of normal
lymphocytes. The growth pattern is by definition diffuse with extensive tissue architecture

effacement.

DLBCL, not otherwise specified (NOS) accounts for most cases and it’s highly heterogeneous
in terms of morphology, genetics, and clinical characteristics. Morphological variants
(pleomorphic, centroblastic, immunoblastic, anaplastic, and other rare variants) are relevant
for differential diagnosis but do not impact either patients’ management or clinical outcome.
Conversely, the differentiation based on transcriptomic profiles, related to different cellular
counterparts is provided with clinical relevance. Based on that, both WHO-HEMS5 and ICC
confirmed the existence of the two molecular subgroups, namely germinal center B-cell type
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(GCB, corresponding to germinal center cells) and activated B-cell type (ABC, related to a
slightly more advanced differentiation, such as plasmablasts). Despite this distinction was
originally referred to diverse cell of origin (COQ), there is no formal evidence for that. In fact,
all DLBCL are likely to be originated within the germinal centers, mostly due to aberrant
somatic hypermutations (74). Rather, they correspond to different cellular counterparts based
on different abilities to progress into the differentiation process. As a matter of fact, ABC-
type, supposed to derive from plasmablasts, does not even reach the morphological features
of plasmablasts but only acquires part of their transcriptional programs and, consequently,

some of (but not all) their immunophenotypic properties.

As far as genetic is concerned, over 150 genes were described to be recurrently mutated,
however, the relevance of particular genetic subgroups is not well-established yet. Additional
data from clinical studies will be needed to determine the effect of these genetic clusters on
outcomes and as the foundation for focused treatment strategies. Consequently, the
introduction of such molecular classifications was deemed premature but it is considered

mandatory in the near future. (75)

Large B-cell lymphomas (LBCL) of immune-privileged sites

According to the WHO-HEAMS, large B-cell lymphomas (LBCL) of immune-privileged (IP)
sites are a group of aggressive lymphomas that share common biological characteristics as
they occur as primary tumors in immunologically atypical sites, like the vitreoretinal
compartment, the central nervous system (CNS), and the testes of otherwise
immunocompetent patients (2). In WHO-HAEM4, those entities were grouped within
DLBCL/NOS.

ICC considered primary DLBCL of the testis as a distinct entity but they agreed that

subcategorization of this group of large cell lymphoma is a reasonable proposal (1).

Diffuse large B-cell lymphoma/high-grade B-cell lymphoma with MYC and BCL2
rearrangements (WHO-HAEMb5)/ High grade B-cell lymphoma with MYC and BCL2
rearrangements (1CC)

Page 16 of 45


https://doi.org/10.62684/PYHQ4306

Piccaluga et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/PYHQ4306

Diffuse large B-cell lymphoma/high-grade B-cell lymphoma with MYC and BCL2
rearrangements are a group of tumors that characterized by the presence of both MYC and
BCL2 rearrangements that may be composed of large or intermediate or blastoid cells. This
group of cases is homogeneous, clinically highly aggressive, often displaying GCB-type
DLBCL features and a close pathogenetic link to FL (2). In ICC its name remained high-grade
B-cell lymphoma with MYC and BCL2 rearrangements. (1)

The recognition of these lymphomas is based on genetics (usually FISH) and BCL2-MYC
coexpression is not sufficient for a diagnosis (those would rather be, DLBCL/NOS, “double
expressor”), and relevant as they are provided with extremely severe prognosis if conventional
chemotherapy like R-CHOP is used. It seems reasonable to apply BCL2 and MYC FISH only

to cases that present expression of the encoded proteins at immunohistochemistry.

Of note, BCL6 translocations are not considered any longer relevant in this regard and the
previously recognized triple hit lymphomas are not listed in recent classifications.

High-grade B-cell lymphoma with 11g aberration (WHO-HEAMS5)/ large B-cell lymphoma
with 11qg aberration (ICC)

WHO-HEAMD5 changed the name of the Burkitt-like lymphoma with 11q aberration (WHO-
HAEMA4R) to High-grade B-cell lymphoma (HGBL) with 11q aberration, while it is large B-
cell lymphoma with 11qg aberration in the ICC. Those cases have morphological and
pathological features (strikingly coarse apoptotic debris within starry sky macrophages)(76),
phenotype, and gene expression profiles resembling those of Burkitt lymphoma (BL), but they
are MYC rearrangements negative. Additionally, these lymphomas carry an 11g-arm

aberration characterized by proximal gains and telomeric losses. (77)

Studies have revealed that HGBL-11q predominantly affects children and young individuals;
however, it can also affect middle-aged and older persons. Irrespective of the age group, if
patients have Burkitt-like morphology without MY C translocation, they should undergo FISH
to detect 11q abnormalities. Pathophysiology, clinical features, and prognosis of HGBL-11q

remain unknown (76, 78).
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Potential driver mutations were found in 27 genes, including BTG2, DDX3X, ETS1, EP300,
and GNA13. By contrast, the Burkitt lymphoma-associated ID3, TCF3, or CCND3 mutations
were absent in all cases. These results suggest that Burkitt-like lymphoma with 11q aberration
is a germinal center-derived lymphoma closer to high-grade B-cell lymphoma or diffuse large

B-cell lymphoma than to Burkitt lymphoma (77).

Large B-cell lymphoma with IRF4 rearrangement

Large B-cell lymphoma with IRF4 rearrangement (LBCL-IRF4) is a rare B lymphoma
subtype, usually occurring in the pediatric/young-adult age (79). It is often presented as a
localized disease, typically involving cervical lymph nodes or Waldeyer ring. It is located

under the umbrella of large B cell lymphomas and it is described as a distinct entity.

Fluid overload-associated large B-cell lymphoma (WHO-HEAM5)/HHV-8 and EBV-
negative primary effusion-based lymphoma (ICC)

Fluid overload-associated large B-cell lymphoma is a type of rare effusion-based lymphoma
that is related to fluid overflow but does not involve HHV-8. It is important to note that only
cases with HHV-8 positivity can be classified as pleural effusion lymphomas (PEL), even
though there may be some overlap with conventional PEL cases. Patients with large B-cell
lymphomas usually have exclusive involvement of bodily cavities, most commonly the pleural
cavity, and are usually elderly without underlying immunodeficiency. Fluid overload can be
caused by various conditions, such as chronic heart failure, renal failure, protein-losing
enteropathy, and liver cirrhosis (1, 2, 80). This entity has a good prognosis with spontaneous
remission in some cases. The pathogenesis of the disease is related to chronic serosal
inflammation (81, 82).

WHO- HEAMS reports that cases may be associated with EBV; by contrast, ICC pointed out
that the cases must be EBV negative (1, 2).

Fibrin-associated large B-cell lymphoma (WHO-HEAMD5)/ Fibrin-associated large B-cell
lymphoma (a subtype of DLBCL associated with chronic inflammation)(1CC)
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Fibrin-associated large B-cell lymphoma (FA-LBL) is a new entity introduced by WHO-
HEAMS, and previously considered a subtype of DLBCL, associated with chronic
inflammation (1, 2, 83). According to the literature, FA-LBL is a rare subtype of lymphoma
commonly identified as an incidental finding, usually without formation of mass lesion,
associated chronic inflammatory conditions such as arterial aneurysm, cardiac or orthopedic
prosthesis Rare cases of FA-DLBCL have been reported in association with another
underlying neoplasm, such as atrial myxoma and ovarian cystic teratoma (84, 85) (86) (87).
Cases usually present with GCB phenotype, EBV positivity, and usually carry a good
prognosis (85).

In the case of a chronic inflammatory disease, FA-LBL is believed to be caused by a latent or
long-lasting EBV infection. Normally, the immune system's cytotoxic T lymphocytes can
identify and destroy B-cells infected with EBV and expressing LMP-1. The presence of
foreign materials like metal implants or surgical mesh can lead to a persistent inflammatory
environment, enrichd in immortalized EBV+ cells, from which a lymphoma may develop.
EBV latent membrane protein-1 (LMP1) is believed to act as oncogenic factor by activating
NF-kappa B and inducing BCL2 expression. These eventually prevent EBV-infected cells
from undergoing apoptosis (85, 86, 88).

ICC continues to group FA-LBL under DLBCL associated with chronic inflammation (1, 2,
83).

Mediastinal Grey Zone Lymphoma

Mediastinal Grey zone Lymphoma (MGZL) is a new entity added by both WHO-HEAM-5
and ICC. It includes cases with overlapping pathologic criteria of both primary mediastinal
B-cell lymphoma (PMBL) and Classical Hodgkin lymphoma (cHL) (often NS type), and
replaced the entity “B-cell lymphoma, unclassifiable with features intermediate between
DLBCL and classic Hodgkin lymphoma” of WHO-HAEMA4.

MGZL is thought to arise from a common precursor (e.g., thymic B-cell), which partly
explains why cHL, PMBCL, or MGZL may relapse as one of the other related entities (89).
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MGZL, in contrast to PMBL and cHL, is more common in young adult men and carries an
aggressive clinical course and poorer outcome than either cHL or PMBL, so it is highly
recommended to identify those cases as a specific entity for a better approach to therapy. It
often presents with bulky mediastinal mass, and cases with extramediastinal involvement
should be classified as DLBCL, NOS (89).

The diagnosis of MGZL is based on morphological and immunophenotypic criteria. About
70% of cases show a “cHL like morphology” resembling nodular sclerosis, with infrequent
Hodgkin/Reed Sternberg cells surrounded by the typical cellular background (lymphocytes,
eosinophils, histiocytes, plasma cells), and the rest mimic PMLBCL (monomorphic
proliferation of medium-large neoplastic cells, inflammatory infiltrate). The neoplastic cells
have strong expression of one or more B-cell markers (CD20, CD19, CD79A, CD79B),
PAX5+ (strong), CD30+, while EBV is mostly negative (90). Cases expressing CD20 but
testing negative for other B-cell markers, and having otherwise normal nodular sclerosis cHL,
should not be classified as MGZL (1).

High-grade B Cell Lymphoma, NOS

High-grade B cell lymphoma, NOS remains a heterogeneous category with an aggressive
nature, typically characterized by the presence of intermediate-size cells with GCB phenotype,
often with blastoid or Burkitt-like morphology, but that cannot be classified as DLBCL or BL
(91). Clinically, it affects older adults and it comes with high LDH, high IPI, extranodal
involvement, CNS invasion, and a more aggressive behavior than DLBCL. Interestingly, gene
expression profiling showed that 54% of HGBL, NOS harbour the “double hit” signature
(DHITsig) characteristic of LBCL/HGBL with MYC/BCL2 rearrangements despite lacking

these specific genetic rearrangements. (91)

Burkitt lymphoma

Burkitt lymphoma (BL) is a highly aggressive lymphoma characterized by homogenous
medium-sized cohesive neoplastic cells, with reticular chromatin and abundant nucleoli,

basophilic cytoplasm, frequent “starry sky” pattern, GCB phenotype (CD10+, BCL6+,
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BCL2-), high proliferative index (Ki67 > 95%), IGH-MYC juxtaposition and mutations
involving TCF3 or its repressor 1D3 (2).

WHO-HEAMSb5 recommended to sub-classify BL cases according to the EBV status rather
than based on epidemiology, as in the past (2). This approach was suggested and supported
by transcriptional and genetic evidence as well as functional studies (92-96). EBV makes B-
cells capable of evading apoptosis (96), virus-driven cases are always associated with massive
levels of somatic hypermutation typically in non-coding sequences (92) close to the
transcription start site and carry a lower load of driver mutations, among which TCF3 and ID3
ones (97). It is currently believed that EBV might be essential for disease initiation. (96)
Progressively, the viral genome can be lost to escape the immune system, due to dilution in
highly proliferating neoplastic cells (cellular DNA replicates faster than episomal EBV DNA),
and host genes mutations accumulate meanwhile. The main problem with the hit-and-

run hypothesis is the lack of consistence evidence in primary tumors (98).

Despite the distinction between EBV+ and EBV- cases being absolutely relevant from the
biological point of view, it should be still considered that cases arising in endemic areas
present with additional specific features both as far as pathogenesis is concerned (eg. the role
of malaria) and clinically (i.e. pediatric disease with peculiar clinical presentation).

KSHV/HHV8-associated B-cell lymphoid proliferations and
lymphomas

Kaposi's sarcoma-associated herpesvirus (KSHV)/human herpesvirus 8 (HHV8) was first
discovered in an HIV-positive patient who also had acquired immunodeficiency syndrome
and Kaposi sarcoma. (99) Both ICC and WHO-HEAMS recognized a spectrum of lymphoid
proliferations related to Kaposi sarcoma herpesvirus/human herpesvirus 8 (KSHV/ HHV8)

infection, which include:

KSHV/HHV8-associated multicentric Castleman disease

KSHV/HHV8-associated multicentric Castleman disease is an aggressive inflammatory systemic

disease that is different from classic lymphoma. The hallmarks of this disease include systemic
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lymphadenopathy, cytopenia, hypoalbuminemia, hypergammaglobulinemia, splenomegaly, high
serum C-reactive protein level, and constitutional symptoms. The proinflammatory state and clinical
symptomatology of such patients are caused by high levels of IL-6. KSHV/HHV8-associated
multicentric Castleman disease is more aggressive than idiopathic multicentric Castleman disease in
terms of clinical manifestation. In patients with HIV, multicentric Castleman disease typically appears

three years after the HIV diagnosis and is often associated with Kaposi sarcoma (100).

WHO-HEAMS put multicentric Castleman disease under the new category of lymphoid proliferations
and lymphomas associated with immune deficiency and dysregulation and renamed it as
KSHV/HHV8-associated multicentric Castleman disease (KSHV/HHV8-MCD). Differently,
maintained the old nomenclature of the disease, not recognizing KSHV/HHV8-MCD as new category.

KSHV/HHV8-positive germinotropic lymphoproliferative disorder (WHO-
HEAMS5)/HHV8-positive germinotropic lymphoproliferative disorder (ICC)
KSHV/HHV8-positive germinotropic lymphoproliferative disorder is considered to be a rare
disorder with limited cases in the literature, exhibiting localized lymphadenopathy in an
asymptomatic and immunocompetent patient and carrying a good prognosis. The atypical
cells, which show coinfection with EBV and HHV-8, have a propensity to grow within

germinal centers (101).

Neoplastic cells are EBV+ but show negativity for LMP1, BNA2, and BZLF-1, indicating a
latency type 1. They are also negative for PAX5, BCL6, CD10, CD20, CD79A, and CD30
(101).

WHO-HEAMS changed the nomenclature of this category but ICC retained the former name.

KSHV/HHV8-positive diffuse large B-cell lymphoma (WHO-HEAMDS)/
HHV8-positive diffuse large B-cell lymphoma, NOS (ICC)

KSHV/HHV8-positive diffuse large B-cell lymphoma typically occurs in individuals with
HIV infection and multicentric Castleman disease. These tumors mainly affect lymph nodes,
though they can also spread to other parts of the body and present with symptoms like
splenomegaly and peripheral blood involvement. It is rare for these neoplasms to only affect
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the spleen (102). The neoplastic cells are often positive for CD20, CD45, and terminal B-cell
differentiation markers such as IRF4; conversely, they are always negative for CD79A, CD38,
CD138 and EBER (103). They often lack somatic mutation of the IGH variable regions but

have monoclonal IGH rearrangement (99).

Only WHO-HEAMS5 and not ICC did chang the nomenclature of this category.

Primary effusion lymphoma

Primary effusion lymphoma (PEL) develops from HHV8-infected B-cells, which are often
also infected with EBV. However, the majority of elderly HIV-negative individuals from
HHV8 endemic locations are reported to have EBV-negative primary effusion lymphomas.
(104) 1t is effusion-based, defined as a large B-cell lymphomatous growth in pleural,
peritoneal, and/or pericardial effusion. (105) PEL is considered an AIDS-defining disease,
typically occurs in middle-aged HIV-infected men with low CD4 counts, but it also can be
found in patients with a broad range of CD4" T-cell counts and even in the setting of effective
anti-viral therapy. The lymphoma cells usually express CD45 but lack pan-B-cell markers
such as CD19, CD20, and CD79A.

Extracavity-Primary effusion lymphoma

Extracavity primary effusion lymphoma has the appearance, immunophenotype, and HHV8
viral status that match those of primary effusion lymphoma. Solid primary effusion lymphoma
typically presents as extranodal tumors in the gastrointestinal tract, lung, central nervous
system, or skin, with lymph node involvement being rare. Solid primary effusion lymphoma
can be an initial, subsequent, or sole manifestation of cavity (classic) primary effusion
lymphoma. Although most patients with primary effusion lymphoma have HIV, they often
have less severe immunosuppression than those with solid primary effusion lymphoma. There

have also been cases recorded in HIV-negative individuals. (99)
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Hodgkin Lymphoma
Hodgkin lymphomas (HL) are lymphoid neoplasms in which malignant cells are mixed with

a heterogeneous population of non-neoplastic inflammatory cells. Hodgkin lymphoma (HL) is
divided into two major categories: classic HL and nodular lymphocyte-predominant HL.

Classical Hodgkin Lymphoma
Classical HL (cHL) comprises 90 percent of HL and is further subtyped according to

pathologic features into four subtypes: nodular sclerosis cHL (NSCHL), mixed cellularity
cHL (MCCHL), lymphocyte rich cHL (LRCHL), and lymphocyte depleted cHL (LDCHL).

The progression of cHL can vary, but it typically advances slowly. It is well-known that
lymphadenopathy, exhaustion, constitutional symptoms, and/or pruritus may have started
weeks or months before the patient is evaluated. Due to the slow pace of growth, mediastinal

masses may become quite large before causing respiratory symptoms or chest discomfort.

At morphology, cHL presents with a typical, bizzarre morphological pattern that made
impossible, til the advent of single cell PCR to unveil the lymphoid origin. Neoplastic cells
can be scant (as few as 5% of the entire cellular population. They are named Reed-Sternberg
(RS) cells and are typically large (more than 60mM) with two or more nuclei and evident
nucleoli. The increased ploidy is thought to represent a failed caryorexis. The mononuclear
variant is named Hodgkin (H) cell. H/RS cells are accompanied by reactive cells in the
inflammatory tumor microenvironment, including T and B lymphocytes, eosinophils, plasma
cells, and stromal cells. (34, 106)

The immunophenotype of HRS cells is typically characterized by CD30 expression, while
CD15 is found in 75-85 percent of cases. (107) HRS cells do not express CD45 (leukocyte
common antigen), which distinguishes them from normal leukocytes and most (but not all)

other types of malignant lymphoma cells.

Additionally, HRS generally do not express CD20, CD79A, and/or CD19, which is

characteristically either absent or may be seen in a rare subset of HRS cells. (108) PAX5 is
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weakly expressed, whereas expression of other B cell-specific transcription factors (BOB1,
OCT?2) is typically lost in HRS cells (109). Aberrant expression of T-cell antigen may rarely
occur as CD4 (110). HRS cells express PDL1 and PDL2, which are ligands for the PD1

immune checkpoint receptor, due to frequent amplification of chromosome 9p24.

Clonal immunoglobulin (Ig) gene rearrangements can be detected in more than 98 percent of
cHL by polymerase chain reaction (PCR) on microdissected single HRS cells. (107). Indeed,
this was used to demonstrate its lymphoid origin. The mutational landscape of cHL is
heterogeneous, but most cases of cHL have abnormalities of intracellular signaling (eg, NF-
kB or JAK-STAT pathways) and/or immune evasion. (111)

Nodular Lymphocyte Predominant Hodgkin lymphoma (NLPHL)(WHO-
HEAMDS)/ Nodular Lymphocyte Predominant B-cell lymphoma (ICC)

Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is an unusual form of
Hodgkin lymphoma with distinctive pathological and clinical characteristics. The
lymphocyte-predominant cells formerly called L&H cells for lymphocytic and/or histiocytic
Reed-Sternberg cell variants, that define the disease, are also called popcorn cells
characterized by their single, large, folded, or multilobated nuclei. (112) Popcorn cells are
embedded in enormous spherical meshworks of follicular dendritic cell processes containing
non-malignant histiocytes and lymphocytes. These neoplastic cells typically show nodular

infiltrate pattern and sometimes both nodular and diffuse infiltration. (34)

They are consistently positive for CD20 but do not express CD30, (113) unlike the malignant
cells in cHL. NLPHL often affects middle-aged men and progresses slowly in most cases,
with a tendency toward relapses and transformation into aggressive B-NHL; the majority of
patients are diagnosed with early-stage illness. (114). Recent evidence indicated that NLPHL
is likely to be a pathogen-driven disease, Moraxella catarrhalis being identified as a potential
driver (115).

Based on a cellular biology and a clinical behavior much more similar to that of indolent B-

NHL rather than cHL, ICC changed the term nodular lymphocyte predominant Hodgkin
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lymphoma (NLPHL) into that of nodular lymphocyte predominant B-cell lymphoma. On the
contrary, WHO-HAEMS preferred to maintain the term NLPHL even though the editors
recognized that NLPHL may be more accurately called “nodular lymphocyte predominant B-
cell lymphoma” specially based on the presence of a functional B-cell program, and therefore

there is a future direction toward changing the nomenclature.

Both ICC and WHO-HEAMS emphasize the importance of identifying variant histology in
NLPBL, as some variant patterns (patterns C, D, and E) have been associated with a more
aggressive clinical course and may overlap with T-cell/histiocyte-rich large B-cell lymphoma.
(116)

Plasma cell neoplasms and other diseases with paraproteins

Plasma cell neoplasms are a spectrum of neoplasms that range from asymptomatic monoclonal
gammopathy of undetermined significance (MGUS) and smouldering multiple
myeloma (SMM) to symptomatic multiple myeloma (MM). (117) Clonal plasma cells secret
M-proteins and cause a reduction in uninvolved immunoglobulins leading to immunoparesis
(118). Diagnosis of these disorders requires the integration of clinical, laboratory, and
morphological features. Overall, this chapter was largely modified by both WHO-HEMADS
and ICC, but with significant differences between the two.

IgM Monoclonal gammopathy of undetermined significance (MGUS)

IgM monoclonal gammopathy of unknown significance (MGUS) is distinguished from IgG
or IgA MGUS by its characteristic progression to lymphoplasmacytic lymphoma (LPL) or
other B-cell lymphoproliferative disorders, rather than multiple myeloma or other plasma cell
neoplasms. (1, 119)

The diagnostic criteria of IgM monoclonal gammopathy of undetermined significance
(MGUS) were not modified in the previous and both the current classifications. Diagnosis is
made if less than 10% of BM cellularity is represented by neoplastic cells with
lymphoplasmacytoid or plasma cell differentiation, without lymphoplasmacytic B-cell

aggregates diagnostic of LPL.
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On the other hand, the ICC describes two IgM MGUS entities: (1)
(1) The IgM MGUS of plasma cell type

This category belongs to a precursor of IgM-MM and it is characterized by the presence of
clonal plasma-cells without B-cells and by the absence of MYD88 mutation.

(2) The IgM MGUS, not otherwise specified (NOS)

This subtype refers to cases with the accumulation of monoclonal B cells (without
lymphoplasmacytic aggregates) more often carrying mutations in MYD88. IgM MGUS/NOS

may transform into LPL.

Cold Agglutinin Disease

Cold agglutinin disease (CAD) is an indolent bone marrow disorder characterized by
autoimmune hemolytic anemia and production of a cold agglutinin monoclonal antibody of
IgM type, caused by clonal B-cell proliferation that lacks the full diagnostic criteria to be
diagnosed as B-cell lymphoma. CAD associated with nodal involvement or splenomegaly

should be considered secondary CAD and should be excluded from this category. (120)

The clonal B-cells in primary CAD are light chain restricted with the expression of CD20,
PAX5, CD79B, and FMC7 and they are negative for CD10, cyclin D1, and BCLS6; they lack
the MYD88 L265P mutation. (121)

Primary CAD is recognized as a new diagnostic category in both ICC and WHO-HEAM5.

Monoclonal gammopathy of renal significance (MGRS)

Monoclonal gammopathy of renal significance (MGRYS) is a heterogeneous series of kidney
lesions (up to end-stage kidney disease) caused by a nephrotoxic monoclonal immunoglobulin
produced by a clonal plasma cell or B-cell that does not meet current hematologic criteria for
lymphoid neoplasm or multiple myeloma. It is usually diagnosed by kidney biopsy. Treatment
decisions for MGRS should be made through collaboration between hematologists and
nephrologists in a multidisciplinary approach. The focus should be on the identified
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underlying clonal population. These decisions should be based on the type of MGRS, the
extent of kidney function impairment, and the probability of progression to end-stage kidney
disease.(122)

Monoclonal gammopathy of renal significance (MRGS) is a new entity introduced by WHO-
HEAMS but not ICC.

Plasma cell myeloma / Multiple Myeloma

Multiple myeloma (MM) is one of the prototypic plasma cell neoplasms, morphologically,
phenotypically and functionally corresponding to terminally differentiated plasma cells
(120). MM is diagnosed in patients fulfilling any of the SLiM-CRAB criteria according to
the 2014 IMWG consensus.

MM is a very heterogeneous disease in terms of clinical behavior and at the genetic level with
certain subtypes that exhibit specific clinical and/or biochemical characteristics. The majority
of MM cases secrete a complete or incomplete monoclonal immunoglobulin (with 1gG being
the most common followed by light chains, IgA, IgM, IgD, and IgE). A very small percentage
of patients lack detectable M-protein in the blood or urine, even when very sensitive tests like
the free light chain ratio are performed, being defined non-secretory MM. Non-secretory MM
patients do not experience M-protein-induced organ damage, such as renal failure, and have

reduced levels of immunoparesis.(123)

According to ICC, MM can be divided into two diagnostic groups: (1) MM, NOS, and (2)
MM with recurrent genetic abnormalities, including MM with CCND family translocations,
MM with MAF family translocation, MM with NSD2 translocation, and MM with
hyperdiploidy. These subtypes are not included in the WHO-HEAMS5 classification. The
current standard for the detection of these cytogenetic aberrations is interphase fluorescence
in situ hybridization (FISH). Detection of t(4;14), t(14;16), and secondary changes, including
del(17p), amplq, and del(1p) is highly recommended as it helps in better risk categorization

of the patients for better therapeutic decisions. Additionally, The ICC committee preferred the
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term MM rather than plasma cell myeloma while WHO-HEAMS retain the two terms as

reporting pathologists are often unaware of the extension of the disease.

Localized plasma cell neoplasms

Localized plasma cell neoplasms include two entities (83):

e Solitary Plasmacytoma of the bone

e Primary extraosseous/extramedullary plasmacytoma (EMP)

They are characterized by masses of clonal plasma cells with the absence of manifest
bone marrow infiltration, even if minimal bone marrow involvement can be detected by
immunophenotyping as less than 10% clonal plasma cells. The ICC strongly emphasizes
determining the state of minimal BM infiltration into the diagnosis and using flow cytometry
for staging in every localized plasma cell neoplasms as it carries strong prognostic factors

regarding the future probability of transformation to overt MM (120).

Plasma cell neoplasms with associated paraneoplastic syndrome

TEMPI syndrome is characterized by telangiectasia, elevated erythropoietin
and erythrocytosis, monoclonal gammopathy, perinephric fluid collection, and
intrapulmonary shunting. It is an acquired disorder with a vague pathogenesis,
maybe the monoclonal protein triggers a paraneoplastic syndrome leading to
over overproduction of EPO production. (124) The bone marrow examination
is unremarkable in the majority of cases; a few cases show erythroid hyperplasia
(2). It is now considered a distinct entity by WHO-HEAMS but not in ICC.

AESOP syndrome (adenopathy and extensive skin patch overlying a
plasmacytoma) is a rare plasma neoplasm characterized by the presence of a
gradually expanding erythematous skin patch that overlies a bone-associated

plasmacytoma, accompanied by locoregional lymphadenopathy first described
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in 2003 by Lipsker et al.(125, 126). Skin biopsies of patients with AESOP
syndrome show diffuse hyperplasia of dermal vessels associated with dermal
mucin, and lymph nodes can show some features of Castleman disease (127).
AESOP syndrome is now considered a distinct entity in WHO-HEAMDS but not
in ICC.

Disease with monoclonal immunoglobulin deposition

There is a change in the nomenclature of some entities as the primary
amyloidosis in WHO-HEAMA4R is now renamed as immunoglobulin-related
(AL) amyloidosis by WHO-HEAMS and Ig light chain amyloidosis (AL) by
ICC. Additionally, light chain and heavy chain deposition disease was renamed

as monoclonal immunoglobulin deposition disease by WHO.

Moreover, ICC recommended the separation of localized AL amyloidosis (also
termed “amyloid tumor™) which is, a rare disorder with an excellent prognosis

and rare progression to systemic AL amyloidosis as a distinct entity.
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Conclusion

The two novel classification schemes presented in 2022 showed some striking changes to the
nomenclature, definition, and entities of mature B cell neoplasm, and significant differences
between each other. To ensure consistency and clarity, there is an urgent need for a common
language and unifying the two classifications to be used worldwide. The aim is a better
classification and characterization of hematolymphoid neoplasm serving as a key for precision

medicine and better decision-making processes for patients’ good.
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Table 1.
Table 1. Mature B-cell neoplasms according to WHO-HEMAS and ICC

WHO-HEMAS5 ICC
Pre-neoplastic and neoplastic small
lymphocytic proliferations

Monoclonal B-cell lymphocytosis Same
Chronic lymphocytic Leukemia/small Same
lymphocytic lymphoma
- B-cell prolymphocytic leukemia

Splenic B-cell lymphomas and
Leukemias
Hairy cell Leukemia
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Splenic marginal zone lymphoma
Splenic diffuse red pulp small B-cell
lymphoma

Splenic B-cell lymphoma/Leukemia with

prominent nucleoli

Lymphoplasmacytic lymphoma

Marginal zone lymphoma

Extranodal marginal zone lymphoma of

mucosa-associated lymphoid tissue
Primary cutaneous marginal zone
lymphoma

Nodal marginal zone lymphoma
Paediatric marginal zone lymphoma

Follicular lymphoma

In situ follicular B-cell neoplasm
Follicular lymphoma
Paediatric-type follicular lymphoma
Duodenal-type follicular lymphoma
Cutaneous follicle centre lymphoma

Mantle cell lymphoma

In situ mantle cell neoplasm
Mantle cell lymphoma
Leukemic non-nodal mantle cell
lymphoma

Transformations of indolent B-cell
lymphomas

Large B-cell lymphomas

Splenic B-cell lymphoma/leukemia,
unclassifiable
e Splenic diffuse red pulp small B-cell
lymphoma
e Hairy cell leukemia-variant

Same

Same

Primary cutaneous marginal zone disorder
Same
Perdiatric nodal marginal zone lymphoma

In situ follicular neoplasia

Same

Same

Same

Primary cutaneous follicle center lymphoma
BCL2-R—negative, CD23-positive follicle
center lymphoma

Testicular follicular lymphoma

In situ mantle cell neoplasia
Same
Same

Diffuse large B-cell lymphoma, NOS
e Germinal center B-cell subtype
e Activated B-cell subtype
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Diffuse large B-cell lymphoma, NOS

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

Diffuse large B-cell lymphoma/ high grade
B-cell lymphoma with MYC and BCL2
rearrangements

ALK-positive large B-cell lymphoma
Large B-cell lymphoma with IRF4
rearrangement

High-grade B-cell lymphoma with 11q
aberrations

Lymphomatoid granulomatosis
EBV-positive diffuse large B-cell
lymphoma

Diffuse large B-cell lymphoma associated
with chronic inflammation
Fibrin-associated large B-cell lymphoma

Fluid overload-associated large B-cell
lymphoma

Plasmablastic lymphoma

Primary large B-cell lymphoma of
immune-privileged sites

Primary cutaneous diffuse large B-cell
lymphoma, leg type

Intravascular large B-cell lymphoma
Primary mediastinal large B-cell
lymphoma

Mediastinal grey zone lymphoma
High-grade B-cell lymphoma, NOS

Burkitt lymphoma

Same

High-grade B-cell lymphoma, with MYC
and BCL2 rearrangements*

High-grade B-cell lymphoma with MYC and
BCL6

rearrangements*

Same

Same

Same

Same

EBV-positive diffuse large B-cell
lymphoma, NOS

Same

Same (but under DLBCL associated with
chronic inflammation)

Same

Primary DLBCL of testis

Same

Same
Same
Same
Same

Same

HHV-8-associated lymphoproliferative
disorders

Same

HHV-8—positive diffuse large B-cell
lymphoma, NOS

HHV-8—positive germinotropic
lymphoproliferative disorder
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KSHV/HHV8-associated B-cell
lymphoid proliferations and lymphomas
Primary effusion lymphoma
KSHV/HHV8-positive diffuse large B-cell
lymphoma

KSHV/HHV8-positive germinotropic
lymphoproliferative disorder

Lymphoid proliferations and
lymphomas associated with immune
deficiency and dysregulation
Hyperplasias arising in immune
deficiency/dysregulation

Polymorphic lymphoproliferative disorders
arising in immune deficiency/dysregulation
EBV-positive mucocutaneous ulcer
Lymphomas arising in immune deficiency
Inborn error of immunity-associated
lymphoid proliferations and lymphomas

Multicentric Castleman disease

Immunodeficiency-associated
lymphoproliferative disorders

Polymorphic posttransplant
lymphoproliferative disorder

Same (not under this chapter)

Posttransplant lymphoproliferative disorders
e Nondestructive posttransplant
lymphoproliferative disorders
o Plasmacytic hyperplasia
posttransplant
lymphoproliferative disorder
o Infectious mononucleosis
posttransplant
lymphoproliferative disorder
o Florid follicular hyperplasia
posttransplant
lymphoproliferative disorder
e Monomorphic posttransplant
lymphoproliferative disorder (B-cell
and T-cell/NK-cell types) T
e Classic Hodgkin lymphoma
posttransplant lymphoproliferative
disordert
Other iatrogenic immunodeficiency-
associated
lymphoproliferative disorders

Same
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Hodgkin lymphoma

Classic Hodgkin lymphoma

Nodular lymphocyte predominant Hodgkin
lymphoma

Plasma cell neoplasms and other
diseases with paraproteins
Monoclonal gammopathies

Cold agglutinin disease

IgM monoclonal gammopathy of
undetermined significance

Non-IgM monoclonal gammopathy of
undetermined significance
Monoclonal gammopathy of renal
significance Not previously included

Diseases with monoclonal
immunoglobulin deposition
Immunoglobulin-related (AL) amyloidosis
Monoclonal immunoglobulin deposition
disease

Heavy chain diseases

Mu heavy chain disease

Gamma heavy chain disease

Alpha heavy chain disease

Plasma cell neoplasms
Plasmacytoma

Nodular lymphocyte predominant B-cell
lymphoma

Primary cold agglutinin disease
Immunoglobulin M (IgM) monoclonal
gammopathy of undetermined significance
(MGUS)
- IgM MGUS, plasma cell type
- IgM MGUS, not otherwise specified
(NOS)

Non-IgM MGUS

Monoclonal Ig deposition diseases

Ig light chain amyloidosis (AL)
Localized AL amyloidosis

Light chain and heavy chain deposition
disease

Same

Same

Same

Same

Solitary plasmacytoma of bone +

Extraosseous plasmacytoma

Multiple myeloma (plasma cell myeloma)
- Multiple myeloma, NOS
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Plasma cell myeloma - Multiple myeloma with recurrent
genetic abnormality

- Multiple myeloma with CCND
family translocation

- Multiple myeloma with MAF family
translocation

- Multiple myeloma with NSD2
translocation

- Multiple myeloma with
hyperdiploidy

Plasma cell neoplasms with associated -
paraneoplastic syndrome

-POEMS syndrome
-TEMPI syndrome
-AESOP syndrome
Italic indicates provisional entities
1 Further classified according to the
lymphoma to which they correspond
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