~

DD Current Oncology

Review

How to Diagnose and Treat CD5-Positive Lymphomas
Involving the Spleen

José Cabecadas 1, Victor E. Nava 23, Joao L. Ascensao * and Maria Gomes da Silva 5*

check for

updates
Citation: Cabecadas, J.; Nava, V.E.;
Ascensao, J.L.; Gomes da Silva, M.
How to Diagnose and Treat
CD5-Positive Lymphomas
Involving the Spleen. Curr. Oncol.
2021, 28, 4611-4633.
https://doi.org/10.3390/
curroncol28060390

Received: 1 October 2021
Accepted: 9 November 2021
Published: 11 November 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Department of Pathology, Portuguese Institute of Oncology Lisbon, 1099-023 Lisboa, Portugal;
jcabecadas@ipolisboa.min-saude.pt

2 Department of Pathology, The George Washington University, Washington, DC 20037, USA;

victor.nava@va.gov

Department of Pathology, Veterans Health Administration Medical Center, Washington, DC 20422, USA

School of Medicine, The George Washington University, Washington, DC 20037, USA; ascensao4@msn.com

Department of Hematology, Portuguese Institute of Oncology Lisbon, 1099-023 Lisboa, Portugal

*  Correspondence: mgsilva@ipolisboa.min-saude.pt

(S BTSN

Abstract: Patients with CD5-expressing lymphomas presenting with splenomegaly are frequently
diagnosed with chronic lymphocytic leukemia. The most important differential diagnosis is man-
tle cell lymphoma, both in its classical and leukemic, non-nodal forms, given its prognostic and
therapeutic implications. Other small B-cell neoplasms that frequently involve the spleen and occa-
sionally express CD5 include the splenic marginal zone lymphoma, hairy cell leukemia and, rarely,
lymphoplasmacytic lymphoma. The frequency of CD5 positivity depends in part on the sensitivity
of the detection methods employed. Usually, a combination of morphological, immunophenotypic
and molecular findings allows for a precise sub-classification of CD5-positive, low-grade B-cell lym-
phomas of the spleen. Some of these tumors may display a mixture of small and larger B cells, raising
the possibility of more aggressive lymphomas, such as diffuse large B-cell lymphomas (DLBCL).
Approximately 5-10% of DLBCL are CD5-positive and some may manifest as primary splenic lesions.
When available, the morphology of DLBCL in the splenic tissue is distinctive and a leukemic picture
is very rare. In conclusion, the appropriate morphological and clinical context assisted by flow
cytometry panels and /or immunohistochemistry allows the differential diagnosis of CD5-positive,
non-Hodgkin, B-cell lymphomas involving the spleen.

Keywords: low-grade; B-cell lymphoma; splenic lymphoma; CD5; immunophenotype; differen-
tial diagnosis

1. Introduction

As a secondary lymphoid organ, the spleen is frequently involved in lymphoid tu-
mors [1]. Splenomegaly, while usually accompanied by other disease manifestations, may
be the presenting feature. In these cases, particular issues are raised during the diagnostic
workup, with an impact on further clinical decisions and management. Careful laboratory
evaluations, including CBC, PB smear examination, phenotypic analysis and bone marrow
(BM) biopsy with immunohistochemistry (IHC) may be instrumental for the correct identi-
fication of the underlying disease [2-4]. Nowadays, diagnostic splenectomy is reserved for
cases where other methods fail to identify a specific entity [5,6]. Splenic biopsies, although
feasible, carry the risk of hemorrhage and may not always be representative [7,8].

The expression of CD5 on B-cell neoplasms is classically indicative of chronic lympho-
cytic leukemia (CLL), an indolent neoplasm, or mantle cell lymphoma (MCL), a usually
aggressive lymphoma [9]. Commonly, the expression of Cyclin D1 is present only in MCL,
allowing the precise differentiation and appropriate treatment of these entities. However,
overlapping conditions exist, which demand more sophisticated diagnostic techniques.
Although rare, CD5 positivity can also be present in other, mostly indolent, lymphomas,
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including splenic marginal zone lymphoma, hairy cell leukemia and lymphoplasmacytic
lymphoma [1,2,9-11]. Aggressive lymphomas are rarely localized exclusively in the spleen.
Among these, diffuse large-cell, B-cell lymphoma (DLBCL) is the most frequent subtype
and shows a positivity for CD5 in less than 10% of cases [12]. Other aggressive lymphomas
that may occasionally express CD5 and affect the spleen include the intravascular large
B-cell lymphoma and the T-cell/histiocyte-rich B-cell lymphoma, a subtype of DLBCL. The
final diagnosis of these extra-nodal, aggressive B-cell lymphomas is typically made during
the examination of splenectomy specimens since the involvement of PB or bone marrow
(BM) tends to be sparse.

Splenic involvement detected by imaging is more sensitive than clinical examination.
Splenomegaly is defined as >13 cm in splenic craniocaudal length assessed by CT [13].
However, an enlarged spleen is not equivalent to lymphomatous involvement, and lym-
phoma can be present in normal-sized spleens. FDG-PET/CT has become the preferred
method for the staging and detection of splenic involvement in FDG-avid non-Hodgkin
lymphomas, including DLBCL and follicular lymphoma, despite their radiotracer hetero-
geneous uptake [13]. CD5-positive indolent lymphomas, however, are not included in
this group, except when transformed. PET-CT findings may be difficult to interpret when
nodular lesions are absent. A diffuse pattern of infiltration, also seen in reactive conditions,
requires skillful interpretation, mostly if the organ is not enlarged [14].

Of note, even in the absence of an overt leukemic picture, indolent CD5-positive
B-cell lymphomas frequently involve the BM and/or PB to a degree that allows diagnostic
sampling. Therefore, the careful examination of a PB smear and flow cytometric analysis
should be undertaken as the first diagnostic step in the heterogeneous group of splenic
lymphomas.

2. Clinical Vignette-Part 1

A 69-year-old man is referred to the outpatient hematology clinic with abdominal
discomfort and a recently discovered mild leukocytosis, without other symptoms. A clinical
examination reveals a palpable spleen 5 cm below the rib cage, confirmed by an abdominal
ultrasound. No superficial lymph nodes are palpable. Complete blood counts (CBC) show
14 g/dL hemoglobin with 86 fL. MCV, white blood cells 12,000/ uL with 45% lymphocytes
and 185,000/ uL platelets. Other laboratory tests including lactate dehydrogenase (LDH),
beta-2-microglobulin levels, kidney and liver panels are normal. The peripheral blood (PB)
smear is inconspicuous except for the presence of occasional, mildly enlarged lymphocytes
with condensed chromatin and irregular nuclei.

A lymphoid neoplasm is suspected. As a first diagnostic step, flow cytometry testing
is ordered to characterize the PB lymphocytes.

3. Chronic Lymphocytic Leukemia (CLL)
3.1. Definition

CLL, the most common lymphoid neoplasm in the Western world, has a yearly inci-
dence of 5/10° people and is predominant in Caucasian males, with an increasing incidence
with age [2]. The disease is characterized by the accumulation of small, mature CD5- and
CD23-positive mature B cells, usually in the blood, BM and secondary lymphoid organs, in-
cluding lymph nodes and spleen. According to the International Workshop on CLL (iwCLL)
criteria, a minimum of 5000 monoclonal B lymphocytes/uL are required for diagnosis [15].
Cases with lower counts correspond to the premalignant Monoclonal B-cell Lymphocytosis
category, provided no cytopenias, enlarged lymph nodes and/or hepatosplenomegaly
or other extra-nodal involvement are present. A small lymphocytic lymphoma (SLL) is
morphologically, immunophenotypically and biologically indistinguishable from CLL and
should be diagnosed in cases sparing the PB, based on morphology and immunophenotype;
this method is more commonly conducted for examining lymph node biopsy [2,15]. Al-
though rare, CLL may manifest as an isolated splenomegaly that triggers the investigation
of an underlying lymphoid tumor [1,16,17].



Curr. Oncol. 2021, 28

4613

3.2. Clinical Features

CLL/SLL usually presents with leukocytosis and lymphocytosis, with or without
lymphadenopathy and hepatosplenomegaly. Cytopenias occur in advanced stages or,
less often, as a consequence of hematological autoimmune manifestations in 5-10% of
patients [15,18,19]. Progressive hypogammaglobulinemia is the rule [20]. Other character-
istics include a significant immune dysregulation manifesting as an increased susceptibility
to infections and relatively frequent occurrence of second tumors. Patients presenting
solely with splenomegaly are rare [16,17], and more frequently lymphadenopathy is iden-
tified during the diagnostic workup. Current recommendations for CLL management
do not require imaging exams [15]. However, the presence of splenomegaly, isolated or
accompanied by a lymphocyte count close to the upper normal limit, should prompt the
radiological staging and biopsy of an accessible lymph node.

3.3. Microscopy, Immunophenotype and Genetic Profile

In a PB smear, CLL cells typically appear as small mature lymphocytes with a scant
cytoplasm and a clumpy chromatin, without evident nucleoli. Some larger, atypical cells
and prolymphocytes may also be seen, usually representing less than 10% of lymphocytes.
If the percentage of such cells surpasses 55% of total the lymphocytes then the diagnosis
of prolymphocytoid transformation should be considered [2]. Flow cytometry character-
ization is mandatory, and frequently sufficient for a definitive diagnosis [2,9,11,18]. The
canonical immunophenotype includes the expression of pan-B-cell markers (CD19, CD20,
CD22, CD79b) together with CD5, CD23 and LEF1, and a negativity for FMC7 and CD10.
However, CD23 may be lacking or be expressed below the level of detection. The weak
expressions of CD20, CD22, CD5 and surface light chains is the norm. In doubtful cases,
the positivity for CD200, upregulation of CD43 and a weak expression of CD81 are helpful
and support the diagnosis of CLL versus mimickers (especially mantle cell lymphoma).
Currently, the European Research Initiative for CLL (ERIC) recommends an enlarged
panel of monoclonal antibodies (including CD43, CD79b, CD81, CD200, CD10, and ROR1)
for the initial characterization, differential diagnosis and follow up of minimal residual
disease [21,22].

In lymph nodes the disease replaces the normal architecture by a vaguely nodular
pattern commonly created by the presence of proliferation centers enriched in prolympho-
cytes and paraimmunoblasts (paler areas) surrounded by the characteristic small, mature
lymphocytes with a clumpy chromatin. In some cases, the proliferation centers may be
predominant, forecasting a more aggressive course [23]. The presence of cells expressing
Cyclin D1 in the proliferation centers may lead to the confusion with MCL (Figure 1).
However, in these cases, the Ig/CCND1 translocation is absent and the expression of Cyclin
D1 is typically weak and limited to a fraction of the neoplastic cells (usually less than 30%).
Some cases may exhibit plasmacytoid differentiation, representing an additional diagnostic
challenge to distinguish from other similarly differentiated and small B-cell lymphomas.
Bone marrow infiltration may be diffuse, nodular or interstitial but paratrabecular deposits,
classical for follicular lymphoma, are very rare; proliferation centers are also not common.
The splenic involvement is cytologically similar to the description above, and typically
expands the white pulp, correlating with grossly white-tanned small nodules. In advanced
cases, the disease extends to the red pulp and may become diffuse upon transformation.
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Figure 1. Lymph involved by CLL. (A). Lymph node involved in CLL. Effacement of lymph node architecture by
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neoplastic cells (H&E, original magnification x10) highlighting a proliferation center (pale area with prolympho-
cytes/paraimmunoblasts) in the center; (B). High-power view of the proliferation center with a few large cells positive for
Cyclin D1, (original magnification x20) contrary to MCL (uniform strong nuclear expression in most cases).

Modern genetic technologies led to an improved understanding of the biology of
CLL/SLL and to important progress in prognostic stratification. The frequency and impact
of recurrent chromosome gains and losses emerged 20 years ago and include, in decreasing
frequency, del13q14, trisomy 12, del11q23.3-23.1 and del17p13 [24]. The poor outcomes of
patients harboring del17p13 and del11q23.3-23.1, when treated with chemotherapy and
immunochemotherapy (ICT), were recognized early and largely confirmed in multiple
studies [24-26]. Some genetic alterations correlate not only with the outcomes but also
with the specific clinical presentations. Trisomy 12 is more frequently found in SLL than
CLL and is associated with specific mutational patterns, phenotypic features and clinical
outcomes [27]. Cases with del11q23.3-23.1 often present with bulky lymphadenopathy
in younger patients [28]. These subtypes may thus be more prone to a lymphomatous
presentation including splenomegaly and should be included in the differential diagnosis
of a splenic lymphoma.

The analysis of the mutational status of the immunoglobulin-variable heavy chain
(IGVH) in CLL largely superseded flow cytometry (CD38 and ZAP70) prognostication
and distinguishes two biologically relevant subtypes with different outcomes. Unmutated
cases (with more than 98% homology to the germline sequence) follow a more aggressive
course compared to mutated cases [29,30]. Furthermore, DNA methylation patterns now
identify three disease subgroups, with diverse clinical courses and responses to treatment,
which show good correlations with the IGVH mutational status [31,32]. These three dis-
tinct epigenetic groups recapitulate normal antigen-driven, B-cell differentiation stages,
namely: naive B-cell-like CLL (n-CLL), memory B-cell-like CLL (m-CLL) and intermediate
B-cell-like CLL (i-CLL), corresponding to an unmutated, mutated and a non-conforming
third group based on VH usage, somatic hypermutation and imprinting analysis, respec-
tively [28]. Further clinical heterogeneity may be explained by specific stereotypes. In fact,
approximately 30% of CLL cases have a very limited diversity in the CDR3 regions of the
immunoglobulin light- and heavy-chain-variable regions, suggesting a common antigen
driver, and can be assigned to disease groups with specific clinical behaviors. These in
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turn are related to genetic alterations and IGVH mutational status [28,33]. More recently,
extensive studies characterizing the genomic landscape of CLL/SLL identified multiple
additional mutations [34-36]. Although only a few are relatively frequent, their putative
prognostic value was extensively investigated [28,37]. Among the most relevant are TP53
mutations, commonly present at relapse and with a strong prognostic and therapeutic
impact [25].

CLL/SLL cases presenting with splenomegaly do not have specific flow cytometric or
molecular patterns regarding the markers described above.

3.4. Differential Diagnosis

The detection of cell surface markers relies on the sensitivity of the techniques em-
ployed. The progress in immunohistochemistry and flow cytometry, including improve-
ments in hardware, software and reagents resulted in enhanced sensitivity. Therefore, the
frequency of CD5 expression may vary within the same tumor type and between anatomi-
cal locations. The importance of an integrated diagnosis based on clinical, morphologic,
immunophenotypic and genetic characteristics cannot be overemphasized.

Aside from mantle cell lymphoma (MCL), discussed in detail in the following section,
prolymphocytic leukemia (PLL), lymphoplasmacytic lymphoma (LPL), splenic marginal
zone lymphoma (SMZL) and hairy cell leukemia (HCL) may be positive for CD5. In
addition, aggressive lymphomas may be dominated by splenomegaly and are occasionally
positive for CD5. These entities will be briefly discussed at the end of the paper.

3.5. Prognosis and Treatment

Clinical staging according to the Ray and Binet systems, once the mainstay of patient
stratification, is now less relevant in anticipating the clinical course of CLL/SLL. Age and
comorbidities continue to strongly influence patient outcomes. Important predictors of un-
favorable outcomes include TP53 alterations (deletions and /or mutations), an unmutated
IGVH and elevated beta 2 microglobulin. Multiple prognostic scores were developed. The
CLL International Prognostic Index [38] (CLL-IPI), which includes the three previously
mentioned variables, was extensively validated [38] and discriminates patient groups with
significantly different outcomes in the immunochemotherapy (ICT) era. However, with the
generalized use of targeted agents, the importance of these variables needs reassessment.
A recent publication analyzed the relevant prognostic factors in patients receiving the
BTK inhibitor, Ibrutinib [39]. Further work is needed to identify biomarkers for patients
receiving BCL2 inhibitors with or without anti-CD20 monoclonal antibodies and other new
agents and combinations under development.

Minimal residual disease (MRD), as detected by either flow cytometry, conventional
PCR or Next Generation Sequencing /NGS, negatively impacts the prognosis of patients
treated with ICT [40,41] and anti BCL2-containing combinations [42]. To adequately
interpret the information provided by tests used to detect MRD, a thorough standardization
effort is in progress by cooperative groups such as ERIC [21]. Probably the most useful
prognostic scores at the present time are those based on dynamic models considering
both the individual patient and disease characteristics, as well as the quality and depth
of response to treatment, such as the Continuous Individualized Risk Index proposed by
Kurtz et al. [43].

The criteria to initiate treatment in this indolent and still incurable malignancy are
well-defined by the iwCLL and relate to the presence of symptoms and/or progressive
disease. It cannot be overemphasized that asymptomatic, clinically stable patients should
be kept under observation until therapy is needed. The determination of the mutational
status of IGVH and TP53 is mandatory for a well-informed choice. Other clinical and
laboratorial factors, including beta 2-microglobulin, should be evaluated before treatment
decisions [15].

Since 2014, the rapid introduction to the therapeutic armamentarium of agents target-
ing the BCR signaling machinery (BTK and PI3K inhibitors) and BCL2 inhibitors (Vene-
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toclax) changed the treatment landscape of CLL, initially for relapsed /refractory disease
and currently for first line therapy. Immunochemotherapy, once the mainstay of treatment,
now has limited indications but may still be worthy of consideration for patients younger
than 65 with an IGVH mutated status [25]. The choice of treatment depends on patient age,
comorbidities, preferences and goals of treatment, as well as the genetics of the disease.
Patients with disrupted TP53 are resistant to ICT and must receive novel agents. IGVH
unmutated cases usually lack durable responses to ICT. A survival advantage was shown
for young IGVH unmutated patients receiving first-line BTK inhibitors [44]. The choice
between different novel agents and therapeutic regimens also depends on their toxicity
profiles, which help tailor personalized treatment. Immune therapies, including chimeric
antigen receptor T cells (CART), are also being studied for CLL with promising, although
still preliminary, results [45].

Despite substantial achievements, important challenges persist for the treatment of
CLL, which are the focus of future research. Whether ICT still has a role in selected, low
genetic risk fit patients remains unclear. Both BTK and BCL2 inhibitors, with or without
anti-CD20 monoclonal antibodies, are approved in many countries. However, due to the
absence of comparative data, firm therapeutic guidelines at each phase of the disease
are lacking. Moreover, the combined double (BTK and BCL2 inhibitors) and triple (with
the addition of anti-CD20 antibodies) therapy was shown to be extremely potent when
indirectly compared to single agents, inducing complete responses and MRD negativity that
persisted even after therapy cessation [46-50]. Nevertheless, there are no data comparing
these combinations to the sequential use of single agents in terms of efficacy, toxicity, costs
and the induction of resistance.

4. Mantle Cell Lymphoma (MCL)
4.1. Definition

MCL is a mature B-cell non-Hodgkin lymphoma (NHL) representing 3% to 10% of
the systemic B-cell NHL [2]. The disease is defined in the current World Health Organi-
zation (WHO) classification as a “B-cell neoplasm generally composed of monomorphic
small-to-medium-sized lymphoid cells with irregular nuclear contours and a CCND1
translocation” [2].

Although traditionally considered a very aggressive lymphoma, two indolent variants
are now recognized [2]: in situ mantle cell neoplasia and leukemic, non-nodal mantle cell
lymphoma (SOX11 negative), which shows a high prevalence of splenic involvement.

4.2. Clinical Features

MCL more commonly affects the elderly and is predominant in males (male to female
ratio of 2:1). Most patients present at advanced stages, with lymphadenopathy, Waldeyer
ring and extra-nodal involvement, namely hepatosplenomegaly, bone marrow and gas-
trointestinal tract infiltration (frequently in the form of multiple lymphomatous polyposis).
B symptoms may occur [51]. Peripheral blood involvement, with a variable lymphocytosis,
is common, not only in the leukemic non-nodal form but also in classical MCL. The identi-
fication of PB involvement may require sensitive techniques, e.g., flow cytometry [52], in
non-leukemic cases.

4.3. Microscopy, Immunophenotype and Genetic Profile

Classical mantle cell lymphoma is a monomorphic proliferation of small- to medium-
sized cells resembling centrocytes, with dispersed chromatin and inconspicuous nucleoli.
Four variants are recognized: two of them, pleomorphic and blastoid, are associated with
an aggressive clinical course. The other two, small cell and marginal zone-like, may have
a better prognosis. Nevertheless, only a moderate diagnostic agreement in cytological
assessment was shown between labs [53]. Hyalinized, small caliber vessels are common, as
well as scattered epithelioid histiocytes [54]. True plasmacytic differentiation is very rare
and mainly occurs in the SOX11-negative subtype [55].
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The growth pattern is usually vaguely nodular but mantle zone, diffuse, and follicular
patterns may be present, sometimes in the same sample [55].

The two more aggressive variants of MCL are characterized by increased mitotic index
(usually above 10 per 15 high-power fields). The blastic form shows larger uniform nuclei
with fine chromatin, and the pleomorphic form displays more irregular, enlarged nuclei.

The immunophenotype of MCL includes the expression of pan B-cell antigens such
as CD19, CD20, CD79a and PAXS5, together with surface IgM/IgD. Similar to CLL, CD5 is
expressed but, in contrast, CD23 is usually negative. The absence of CD5 was reported in
5% to 17% of cases of MCL [56,57] (Figure 2). The aberrant expression of BCL-6 can be seen
in about 10% of cases. CD10 coexpression is rarely seen and MUM1/IRF4 positivity is in-
frequent [58]. Nonetheless, the presence of CD10 is more common in blastoid variants [59].
The majority of MCL cases (>95%) are positive for Cyclin D1 by IHC but negative cases
are described [60]. Most of these harbor cyclin D2 or cyclin D3 rearrangements. In this
scenario, SOX11 emerges as a useful diagnostic marker of the disease, since it is considered
more sensitive than Cyclin D1 and is positive in 93% to 95% of cases (except in leukemic,
non-nodal forms). Therefore, the staining for SOX11 in CCND1-negative CD5 expressing
lymphomas is recommended to clarify the diagnosis (Figure 3). However, SOX11 expres-
sion is not unique to MCL as it can also be seen in lymphoblastic lymphomas, Burkitt
lymphoma, hairy cell leukemia, and T-cell prolymphocytic leukaemia [61,62], highlighting
the importance of using complete immunohistochemistry panels in routine hematopathol-
ogy. In addition, the integration of clinical features is important in the differential diagnosis,
since these entities are generally CD5-negative and usually lack prominent or isolated
splenomegaly, except for hairy cell leukemia.
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Figure 2. CD5-negative MCL. (A). CD5 expression in a lymph node with MCL. Notice the scattered CD5-positive T cells
and lack of expression by neoplastic mantle cells (original magnification x20); (B). Cyclin D1 immunohistochemistry
demonstrating characteristic diffuse nuclear expression in MCL (original magnification x20).
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Figure 3. Cyclin D1-negative MCL. (A). White pulp expansion by monomorphous neoplastic cells (H&E, original magnifi-
cation x40); (B). Cyclin D1 immunohistochemistry staining endothelial cells and histiocytes only (original magnification
x40); (C). SOX11 immunohistochemistry, nuclear staining of the tumor cells (original magnification x40).

Immunoglobulin (IG) genes are clonally rearranged, and variable (V) regions are
somatically hypermutated in 15-40% of cases. A biased usage of the IGVH genes supports
the possibility of an antigenic drive [63-65].

MCL has a distinctive cytogenetic translocation, the t(11;14)(q13;q32) rearrangement,
which juxtaposes the CCND1 gene on chromosome 11 with the immunoglobulin heavy-
chain gene (IGH) on chromosome 14, resulting in the characteristic overexpression of the
protein [66]. Rarely CCND1 translocates with the IG-light-chain genes [67]. Other cyclins
are rarely involved in an IG translocation, and these need to be investigated by FISH [67,68].

TP53 inactivation and the proliferative rate (based on Ki67 nuclear expression) are
independent prognostic factors and may be detected by IHC. Therefore, Ki67 and TP53
stains should be performed routinely and the Ki67 score is incorporated in the commonly
used biological Mantle cell Lymphoma International Prognostic Index (MIPIb) [69].

Other genetic and epigenetic alterations are emerging, which impact our understand-
ing of the disease [70].

Together with an aggressive morphology (blastoid or pleomorphic variants), TP53
alterations are associated with higher proliferation rates (>30%) and worse overall survival
in MCL [71,72]. In a study of 59 patients, the median survival was 50 months for patients
with conventional MCL and 18 months for those with blastic features.

4.4. Prognosis and Treatment

The prognosis of MCL is the poorest among small-cell, B-cell lymphomas, but some
subgroups of patients can survive for years with little or no treatment. For example, SOX11-
negative, leukemic, non-nodal patients have a more favorable prognosis in the absence of
TP53 alterations [73-75].
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Adequate patient stratification, the usage of aggressive ICT regimens in young patients
and rituximab maintenance together with new agents at relapse contributed to improved
survival rates. Nevertheless, the long-term prognosis is still poor [76].

Treatment of MCL should take into consideration the biology and behavior of the
disease (i.e., the indolent versus aggressive form), the age and fitness of the patient and
the phase of the disease (first presentation versus relapse). Although the majority of
MCL patients pursue an aggressive clinical course requiring immediate treatment, several
investigators identified indolent forms of disease representing 10-15% of cases [34]. As
mentioned above, these include not only the leukemic/non-nodal, SOX11-negative form
but also rare, asymptomatic, nodal/extra-nodal forms with a low tumor burden, classical
morphology on histopathology, low proliferation rate and an intact TP53 [51,76]. It was
shown that these subsets may remain stable for years and that early treatment does not
impact overall survival [77,78]. Therefore, it is currently recommended to keep these
patients under surveillance, starting treatment only when symptoms or clear progression
demands it.

The mainstay of first-line treatment for MCL patients still relies on ICT and includes an
induction, a possible consolidation and a maintenance regimen. Young, fit patients should
receive induction regimens including Rituximab and Cytosine Arabinoside [73,79,80] and
be consolidated with high-dose chemotherapy and autologous stem cell transplants, which
has recently been shown to prolong OS [79-81]. The addition of an extended course of
Rituximab maintenance further prolongs OS and should be prescribed [80]. Elderly or
unfit patients commonly receive RCHOP, R Bendamustine or VR CAP [51,82] without
consolidative transplant. In a randomized trial, Rituximab maintenance after RCHOP was
shown to significantly prolong OS [83] and retrospective analyses suggest that the same
may be true after R Bendamustine [84].

Despite considerable progress in the treatment of MCL with consequent improvements
in survival, the disease remains incurable, and relapses are inevitable. Targeted therapies
approved for relapsed refractory MCL include the proteasome inhibitor Bortezomib, the im-
mune modulator Lenalidomide and, in Europe, the mTOR inhibitor Temsirolimus [85,86].
However, very active BTK inhibitors (BTKi), of which Ibrutinib [78,85,87] and Acalabruti-
nib [88] are approved, currently dominate the therapeutic strategies. Numerous clinical
trials are testing the combination of new agents with chemotherapy at the first line, the
addition of lenalidomide or bortezomib to maintenance regimens and the use of new agents
in comparison to chemotherapy [72,76]. The future inclusion of BTKi in first-line regimens
will change the treatment of relapsed disease. The efficacy of next generation, non-covalent
BTKi, BCL2 inhibitors and new anti-CD20 monoclonal antibodies, alone or in combination,
is under investigation and may prove useful in patients with high-risk genetics [72]. Per-
haps the most attractive option nowadays for multiple-relapsed, BTKi-resistant patients
is the recently approved anti-CD19 CART which led to very high ORR and CR (92% and
67%, respectively) in a phase 2 trial [89]. Other CART products are under investigation
(NCT02631044). The prolonged disease control seen in these very poor prognosis patients
holds significant promise, although a mature follow up is needed.

4.5. Differential Diagnosis

A recent review [90] expanded the earlier observation [91] that MCL may mimic
extra-nodal, marginal-zone, B-cell lymphomas (EMZL). These cases share the morphologic
and phenotypic features of the nodal MCL and the indolent course of the indolent vari-
ant. “EMCL” may be a subset with a preferential involvement of Waldeyer’s ring and
gastrointestinal tract, showing clinicopathologic overlap with EMZL.

The expression of CD5 can be seen in up to 10% to 15% of cases of DLBCL [92], and
also in intravascular B-cell lymphomas. However, intravascular lymphomas have a very
peculiar intravascular compartmentalization, absent in MCL. Furthermore, rare cases of
DLBCL can be associated with Cyclin D1 expression [93]. In this respect, none of those
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cases show the CCND1 rearrangement seen in MCL, a feature that, together with a larger
cell size, usually allows to distinguish them from MCL.

The blastoid or pleomorphic variants of MCL may also be confused with B-lymphoblastic
leukemia/lymphoma (B-ALL). In contrast with B-ALL, only rare cases of MCL are TdT
positive [94] and the immaturity markers, CD34 and CD99, are absent in MCL, allowing a
diagnostic clarification.

The leukemic, non-nodal form of MCL commonly presents with splenomegaly and
lymphocytosis without lymphadenopathy or with only a few small, enlarged lymph
nodes [95]. This presentation can be misdiagnosed as CLL. However, peripheral blood
phenotyping (see above) and FISH for CCND1 t(11;14)(q13;q32) should allow the correct
diagnosis. Other entities presenting with lymphocytosis and splenomegaly that may
occasionally express CD5 are discussed in the following sections and covered in more
detail in the companion articles in this issue.

5. Lymphomas Rarely Expressing CD5

Other lymphomas in the spleen rarely expressing CD5 include B-cell prolymphocytic
leukemia (PLL), now a controversial entity; lymphoplasmacytic lymphoma (LPL); splenic
marginal zone lymphoma (SMZL) and hairy cell leukemia (HCL). The main distinctive fea-
tures are depicted in Table 1. Occasionally, the clinical picture of CD5-positive, aggressive
lymphomas may be dominated by splenomegaly. However, characteristic morphologic
features, including large cells, allow definite categorization.
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Table 1. Differential diagnosis of splenic CD5-positive indolent lymphomas.

CLL cMCL nn MCL PLL HCL LPL SMZL
Lymphocytosis, . Splenomegaly Hepatosplenomegaly, Splenomegaly,
. Massive - lymphadenopathy, . .
lymphadenopathy, Adenopathy, Lymphocytosis, splenomeeal (occasionally bulky) cvtopenias cytopenias, variable
Clinical cytopenias, splenomegaly, frequent splenomegaly b sy without adenopathy; ytopemias, lymphocytosis rare
. A . rapidly raising . . hyperviscosity,
features occasional BM and Gl infiltration, without 1 . cytopenias, fatigue, adenopathy,
. . . ymphocytosis, L neuropathy, .
autoimmune possible lymphocytosis lymphadenopathy . opportunistic ) . autoimmune
systemic symptoms . . cryoglobulinemia,
phenomena infections . . phenomena
hemolytic anemia
. Small/medium
Small round .Small lymphoc.ytes W.lth lymphocytes with (Occasionally) small Small lymphocytes
lymphocytes, scant  irregular nuclei (classical o .
. . Small lymphocytes >55% abundant pale lymphocytes, with short, polar
PB smear cytoplasm, clumpy forms); variants with . . . N
. - with irregular nuclei prolymphocytes cytoplasm and lymphoplasmocytes  cytoplasmic projections
chromatin, smudged pleomorphic and regular villous and plasma cells (villous lymphocytes)
cells blastoid cells (10%) guar v P ymphocy
projections
CD20-, CD19-, CD79a-
CD5-positive with .. . Bright CD19, CD20, CD19-, CD20-, and surface IgM- and
CD20 dim Jight fCDg'z%o,frﬁg}‘l’f é‘g‘zg?ﬁ Bright CD19, CD20, ~ CD22and CD200.  CD79a-, CD224im. IgD-positive.
chain dim, _ licht ha;n bright CD22, Annexin Al and CD25- + CD10- and
CD79b dim/negative gh-chams. CD79a/CD79 and CD72 CD27-positive CD23-negative
Phenotype CD79b P& Same as cMCL ) . o .
CD23, CD200 and CD23 CD200 and CD10 surface light chains. At least 3 of the IgM-positive. CD43 is usually
CD81 positove neeative all i ¢ CLL Variable CD5, CD200, following: CD25, Rare CD5-positive. positive in all
CD10 negative MO bt CD23 CD11c, CD103 and CD10-, CD23-, low-grade B-cell
FMC7 negative P CD123 CD103-negative lymphomas except
Follicular
Diffuse, nodular
Diffuse or nodular Sm.all lymphocyte.s .w1th Small lymphocytes Interstl.tlal infiltration .an.d/ 01j interstitial
- . irregular nuclei in s . - by widely spaced infiltration by small . .
infiltration by small . with irregular nuclei, Interstitial or nodular e Sinusoidal or nodular
. classical forms, . . . R tumor cells, “fried lymphocytes, .
BM histology lymphocytes; . dispersed chromatin, infiltration by ” small lymphocytic
; . Pleomorphic and . egg” appearance, lymphoplasmacytes L
proliferation centers; . . occasionally prolymphocytes . infiltrate
. blastoid cells forms in . . positive Increased and plasma cells.
paraimmunoblasts o prominent nucleoli. I
10% cases reticulin. Mast cells frequently
increased
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Table 1. Cont.
CLL cMCL nn MCL PLL HCL LPL SMZL
t(11;14)(q13;932). t(11;14)(q13;932)
Additional alterations Few additional MYDSgL265P Del7q (25-40%),
FISH panel * (DNA repairing genetic alterations. TP53 mutations mutation NOTCH?2 (20-40%)
Distinctive IGVH mutational including TP53 IGVH-mutated. (75%). BRAF V600F (:9 00}(; and KLF2 (30-40%)
genetic findings status mutations, cell cycle Possible acquisition MYC abnormalities =~ mutations (>90-95%) CRXC4 m Ot 'ti o mutations.
TP53 mutations regulators, apoptosis). of TP53 and other (50%) (30— 4810 /a) ons Possible TP53
Genomic complexity. poor prognosis ? mutations
IGVH-unmutated mutations
. Expanded white pulp, Nodules. m Whlte. pulp
Mostly white pulp, o . Red pulp replacing germinal
infiltration of the red . . .
red pulp also . involvement with centers and effacing
) pulp possible. Nodules -
involved. tumor cells filling Nodular red pulp mantle zones.
. . may be large and . P .
Proliferation centers . White pulp nodules, cords. infiltration by Marginal zone
Spleen . confluent. Residual . . . . .
. less common than in . N Same as cMCL red pulp also Hairy cells lymphoplasmacytic differentiation with
histology germinal centers in 50% . g . . .
LN . involved surrounding pooled  cells. Diffuse growth  dispersed centroblastic
. of cases. Possible K
Plasmacytoid . . erythrocytes (blood also possible cells. Red pulp also
. T marginal zone-like area . .
differentiation . lakes/ involved with nodules
: at the periphery of the . .
possible nodules pseudosinusoids) of large cells, and small
ies: cells in the sinuses
* FISH panel in CLL identifies del13q14, del11q23.3-23.1, tris 12 and del17p13; CLL Chronic lymphocytic leukemia; cMCL Classical mantle cell lymphoma; nnMCL Leukemic non nodal mantle cell lymphoma;

PLL Prolymphocytic leukemia; HCL Hairy Cell leukemia; LPL Lymphoplasmacytic lymphoma; SMZL Spleen Marginal Zone Lymphoma.



Curr. Oncol. 2021, 28

4623

5.1. Prolymphocytic Leukemia

PLL is a rare (1% to 3% of all leukemias) and aggressive leukemia that may occasionally
pose differential diagnostic problems with CLL, when derived from a B-cell lineage. It
usually manifests quite acutely with systemic symptoms, massive splenomegaly and high-
count lymphocytosis; cytopenias and lymphadenopathy may also occur [1,96]. By flow
cytometry B-PLL expresses bright, pan-B-cell markers including CD19, CD20 (usually
brighter than in CLL), CD22, CD79a, CD79b and restricted surface immunoglobulin light
chains. CD5, CD200 and CD23 are variably present. In common with classical HCL (but
not variant HCL), CD11c is frequently expressed. However, CD25, CD123 and CD103 are
absent, excluding classical HCL. The genetic background of the disease is not completely
defined and so far, the alterations are unspecific. Frequent defects in TP53 (75%) and MYC
(50%) occur [97,98], justifying chemoresistance and, currently, the therapeutic use of BCR
or BCL2-inhibitors when TP53 is disrupted [99,100]. The impact of these inhibitors on the
poor clinical outcome of B-PLL remains to be fully clarified.

5.2. Lymphoplasmacytic Lymphoma

LPL may present with splenomegaly in addition to hepatomegaly and lymphadenopa-
thy. The hallmark of this disease is, however, a predominantly diffuse BM infiltration by
lymphocytes, some with plasmacytoid differentiation, and plasma cells, all belonging to
the neoplastic clone. Therefore, BM is the preferred diagnostic material in LPL [101]. The
morphology may, however, be insufficient to distinguish between various BM-infiltrating,
low-grade, B-cell lymphomas, and phenotypic/genetic characterization is an important
part of the diagnostic workup [102]. LPL cells express the B-cell makers CD19, CD20,
CD79a, CD22 (dim), CD25 and CD27 and are classically IgM positive, but are usually
negative for CD5, CD10, CD23 and CD103. The expression of CD5 is described in up to 20%
of cases [103], which may present as a monoclonal B lymphocytosis raising the possibility
of CLL/SLL or MCL. However, the correct diagnosis is suggested by both the morphology
and clinical features, with variable combinations of cytopenias (mostly anemia) and the
frequent production of an IgM monoclonal paraprotein defining Waldenstrom’s macroglob-
ulinemia (WM) with associated manifestations of hyperviscosity, peripheral neuropathy;,
cutaneous alterations, autoimmune phenomena and cryoglobulinemia [104].

The genetic findings also contribute to the differential diagnosis. The translocation of
t(11;14) (q13;q32) is absent, generally excluding MCL. The detection of the MYDg88-26"
mutation, present in more than 90-95% of all WM cases [105,106], is very helpful. Of
note this mutation can be found in other low-grade, B-cell lymphomas, including 5-10%
of marginal-zone lymphomas and even in CLL/SLL [107], requiring the finding to be
interpreted in the setting of clinical and morphological information. Additionally, 30-40%
of WM patients have mutations in the CXCR4 gene. In contrast to MYD88, more than 40
types of CXCR4 mutations are described, complicating diagnostic standardization [108].

The outcome and treatment of WM, an indolent but incurable disease, is nowadays
influenced by the genomic characteristics [109]. First-line treatment is still ICT-based in
many parts of the world, although BTKi are highly efficient [110]. The therapeutic choices
should consider tumor bulk, dominant clinical manifestations and patient fitness [111].
Patients requiring urgent control of hyperviscosity, cryoglobulinemia or hemolytic symp-
toms should initially undergo plasmapheresis. The BTKi Ibrutinib demonstrated efficacy in
MYDSSLMUT and CXCR4WT patients [108], and the addition of Rituximab may overcome
the Ibrutinib resistance associated with CXCR4 mutations [112]. The emerging biologic
understanding of WM provides grounds for developing several new therapeutic agents
and combinations [105].

5.3. Splenic Marginal Zone Lymphoma

SMZL is another uncommon subtype of indolent B cell non-Hodgkin lymphoma/NHL
(<2% NHL), typically presenting with splenomegaly and BM infiltration [113]. Although
splenic hilar lymph nodes are commonly involved, the disease usually spares more distant
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nodes and organs. Cytopenias attributable to hypersplenism and BM infiltration are
common. A fraction of patients has autoimmune manifestations and up to one third may
produce a serum monoclonal protein [1,114,115]. Approximately 10 to 16% of patients
may have an associated Hepatitis C infection, which may constitute an antigenic trigger
for lymphomagenesis [116]. Occasionally, isolated lymphocytosis can be present and may
remain stable for prolonged periods or progress into a full-blown SMZL. These cases
seem to have a favorable outcome and are now called clonal B-cell lymphocytosis with
marginal-zone phenotypes [1,115,117].

The diagnosis is suggested by the presence of small lymphocytes with short cyto-
plasmic projections. The phenotypic characterization of BM and/or PB is again helpful
in the differential diagnoses. Neoplastic cells express the common B-cell markers CD20,
FMC?7, CD19 and CD79a, and, frequently, surface IgM and IgD. In contrast, CD5, CD10
and CD23 are usually negative. Importantly, 20-25% SMZL cases may express CD5. The
absence of Cyclin D1 and CD23 helps to differentiate SMZL from MCL and CLL, respec-
tively [9]. The bright expression of CD20 and the surface light chains and the positivity
for FMC? further distinguish SMZL from typical CLL. The CD5-positive cases have a
higher lymphocytosis [113,118] and seem to correlate with distinct morphological (predom-
inance of prolymphocytic cells), cytogenetic (translocations involving the CDK6 cyclin)
and molecular (TP53 mutations) alterations [119].The classical translocations seen in MALT
lymphomas are absent, but a fraction of cases show deletions of chromosome 7q (the most
common aberration) and alterations in chromosomes 3q, 1, 8 and 14; however, these find-
ings are not specific [120]. Deep genomic analyses identified NOTCH2 and KLF2 mutations
as the most common alterations in SMZL, but again those are not entirely specific and,
more importantly, are not yet searched for in routine clinical practice despite their potential
clinical and prognostic implications [121].

When available, spleen histology allows the diagnosis by showing a predominant
involvement of the white pulp, with small, round lymphocytes invading the germinal
centers and mantle zone and merging with small- to medium-sized marginal zone cells
with irregular nuclei and more abundant pale cytoplasms (monocytoid differentiation),
as well as variable numbers of larger centroblasts and immunoblasts [1]. Staining for IgD
and Ki67 may be helpful for identifying white pulp expansion, typically highlighting a
targetoid pattern.

The treatment of SMZL once included splenectomy as a first option in most cases. In
recent years, Rituximab, alone or with chemotherapy, also led to favorable outcomes [115],
sparing this elderly population the possible complications of surgery. At the same time,
this shift in treatment reduced the availability of the splenic tissue for analysis and the
diagnosis mostly relies on BM and PB examination, in the appropriate clinical setting.
Treatment of an underlying Hepatitis C, when present, should be attempted since it can
lead to lymphoma remission [122].

Although incurable, SMZL patients have globally favorable outcomes with a median
overall survival exceeding 10 years. Outcomes may be impacted by the mentioned genetic
features and a small (5-10%) but noticeable risk of transformation to DLBCL [123].

5.4. Hairy Cell Leukemia

HCL is a very rare (<1% of lymphoid neoplasms) form of leukemia with an indolent
course, affecting predominantly middle-aged Caucasian males. Patients present with
splenomegaly and pancytopenia, without lymphadenopathy in most cases [124]. Fatigue
caused by anemia and frequent infections are common symptoms. Bulky splenomegaly,
when present, may be symptomatic and suggest a chronic myeloproliferative neoplasm. PB
counts show a characteristic monocytopenia and the smear reveals small- to medium-size
tumor lymphocytes with oval nuclei; an abundant, pale cytoplasm and circumferential
villous projections, which give the disease its name [2]. Tumor cells are present in variable
quantities in BM aspirates, which tend to be paucicellular (“dry tap”), and are typically
abundant in BM biopsy, showing a characteristic “fried egg” appearance and growing in
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an interstitial pattern. Fine reticulin fibrosis surrounding each cell is characteristic and
contributes to the unyielding nature of BM aspirates. Phenotypic confirmation is obtained
by flow cytometry and immunohistochemistry, showing a bright expression of CD19, CD20,
CD22 and CD200, and at least three of the four classical markers CD25, CD11¢c, CD103
and CD123 (variable). The detection of Annexin Al, TRAP, BRAF and CD72/DBA .44 by
IHC may contribute to the diagnosis. The expression of CD5 is exceedingly rare but was
described in up to 2% of cases [125-127]. Together with the positivity for Cyclin D1 in half
of the patients and the possible presence of lymphadenopathy, CD5-positive cases can be
misdiagnosed as MCL. The absence of t(11,14) q(13;q32) by FISH and the presence of BRAF
V600E mutations help to clarify the diagnosis.

BRAF V600F mutations, as suggested by immunohistochemistry and confirmed by
PCR, support the diagnosis of HCL in cases where flow cytometry is unavailable [128].
MRD at the end of treatment was usually detected by flow cytometry or BRAF PCR; how-
ever, IHC is now available [129]. Since the late 1980s, chemotherapy with purine analogues
for symptomatic patients and those with declining CBCs is the mainstay of HCL treatment.
Overall and complete response rates exceed 95% and 75%, respectively [130,131]. Although
responses are durable, half of the patients relapse at 5 years. Higher CR rates with unde-
tectable MRD may be achieved by combining Rituximab [132,133] and by using new agents,
including immunoconjugates targeting CD22 [134], BRAF and MEK inhibitors [135,136]
and, more recently, BCR inhibitors and Venetoclax [137]. The combination of the BRAF
inhibitor Vemurafenib with Rituximab was shown to increase the negative, durable CR
responses of MRD in relapsed/refractory patients [138]. Recently identified clinical and
molecular prognostic factors may help to better stratify these multiple new therapeutic
options in the future [137].

5.5. Aggressive B Cell Lymphomas

Aggressive lymphomas presenting in the spleen include DLBCL, the T-cell /histiocyte-
rich, B-cell lymphoma (THRBCL) variant and intravascular, large, B-cell lymphomas.

5.5.1. Diffuse Large B Cell Lymphoma

DLBCL can rarely (<1% of all lymphomas) present as an isolated splenic mass [139].
These cases are commonly diagnosed on splenectomy or in spleen biopsy specimens.
Approximately 5 to 10% of DLBCL expressed CD5. Single or multiple splenic tumors
may be present, and the histological appearance is similar to nodal or extranodal DLBCL.
White pulp involvement is the norm but occasionally the red pulp may be predominantly
involved [1,2,140]. Splenic hilar lymph nodes are commonly affected and may be sampled
for histological analysis. In contrast, dissemination to other organs is rare and the prognosis
is rather favorable, especially given that ICT supplements surgery [140]. A short course
of RCHOP-like chemotherapy was recently reported in localized DLBCL with expected
excellent outcomes [141,142].

5.5.2. T Cell/Histiocyte-Rich Large B Cell Lymphoma

THRBCL comprises less than 10% of all DLBCL. When the spleen is involved, the BM,
liver and lymph nodes are usually infiltrated as well. The disease is characterized by rare
(less than 10%) and large neoplastic B cells without sheet formation in a background of
abundant T cells and histiocytes [143]. The expression of CD5 is very unusual [144].

Occasionally, patients may present with an isolated splenomegaly or have additional
small lymph nodes not readily accessible to biopsy. In these rare cases, a BM biopsy may
provide the diagnosis, revealing the infiltration by neoplastic cells. The interpretation of BM
biopsy can be hindered by the characteristic, extensive inflammatory T cell infiltrate [145],
requiring a diagnostic splenectomy:.
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5.5.3. Intravascular Large B Cell Lymphoma

Intravascular large B-cell lymphoma, another rare subtype of aggressive B-cell lym-
phoma, may also uncommonly express CD5 [2]. The hallmark of this entity is the intravas-
cular growth of large CD20-positive B cells inside small- to medium-sized vessels in the
affected organs [146]. The classical form affects mainly BM, the central nervous system and
skin, while Asian patients present more often with hepatosplenomegaly and hemophago-
cytosis [147]. Trephine BM biopsy is usually diagnostic, even when splenomegaly happens
to be the manifestation driving the clinical investigation. The outcomes of intravascular
large B-cell lymphoma are poor. Although treatment is not standardized, an anthracycline-
rituximab-based regimen is usually recommended and central nervous system prophylaxis
should be added when possible [148].

6. Clinical Vignette—Part 2

PB flow cytometry in our patient showed the presence of a CD19/CD79b positive
mature B-cell population with a monoclonal surface lambda-restricted pattern and bright
CD20 expression. The CD10, CD23 and CD200 surface markers were absent. CD5 was
strongly and homogeneously expressed. Although flow cytometry findings were support-
ive of MCL over CLL, confirmatory tests were necessary. FISH analysis performed in PB
showed the presence of t(11;14) (q13;q32) translocation. The clinical picture suggested an
indolent, non-nodal form of MCL. BM trephine biopsy revealed an interstitial infiltration
by small CD20-positive/kappa negative B lymphocytes. SOX11 was negative and the
Ki67 proliferation rate was only 5%. A diagnosis of mantle cell lymphoma with classical
cytology was made.

Staging CT scans of the cervical, thoracic, abdominal and pelvic regions revealed
small, <2 cm retroperitoneal lymph nodes and a homogeneous, non-nodular splenomegaly
of 17 cm. Further cytogenetic and molecular characterization in the BM aspirate showed a
hypermutated IGVH and the absence of del17p and TP53 mutations. The first of these find-
ings further supported the diagnosis of leukemic non-nodal MCL. An intact TP53, together
with a low Ki67 and classical morphology also supports a low-risk disease [149]. Following
discussions at the multidisciplinary team meeting, PET-CT and gastroscopy/colonoscopy
examinations were deemed unnecessary, since the patient was asymptomatic. Given the
expected indolent behavior of this form of MCL, a watch and wait strategy was adopted.
After 22 months, the patient remains asymptomatic with stable CBC counts, as well as
lymphadenopathy and splenomegaly on CT scans.

7. Conclusions

The involvement of the spleen by CD5-expressing, B-cell neoplasms usually cor-
responds to CLL or MCL. The differential diagnosis includes indolent leukemias and
lymphomas that less often express CD5. Large B-cell lymphomas very rarely manifest as
an isolated splenomegaly.

Most splenic lymphomas also involve BM and PB, even if not in a prominent form,
allowing a specific diagnosis without resourcing to splenectomy. However, the surgical
removal of the spleen is indicated when an aggressive lymphoma cannot be excluded, due
to significant therapeutic implications.

The final diagnosis relies on the integrated analysis of histomorphology complemented
by phenotypic and genetic findings in the appropriate clinical setting:

e CLL and MCL, as well as HCL, have a characteristic constellation of phenotypic
features in most cases.

e  The presence of more than 55% of prolymphocytes in PB smears suggests prolympho-
cytic leukemia.

e A morphological continuum between lymphocytes, lymphoplasmocytes and plasma
cells in BM is found in LPL/WM and other lymphomas with plasmacytic differentia-
tion.
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e SMZL remains a diagnosis of exclusion sharing clinical and morphological features
with LPL and having a non-characteristic immunophenotype.

e The genetic tests commonly accessible to the practicing clinician contribute to the
differential diagnosis in MCL, HCL and LPL, where the t(11;14) (q13;q32), BRAF
V600E and MYD8826°F mutations are the rules, respectively. Deeper genetic studies
should be undertaken for diagnostically difficult cases, and when findings contribute
to critical prognostic stratification and therapeutic choices, such as in CLL.

Funding: This research received no external funding.

Conflicts of Interest: ].C. provided consultancy to Takeda and Novartis and is a member of the Euro-
Clonality Board. V.N. has nothing to disclose. J.A. is a DSMB Chair, DALY studies, ICON/Miltenyi.
M.G.S. received research grants from Gilead Sciences and AstraZeneca, provided consultancy and
participated in advisory boards from Janssen, Gilead Sciences, BMS, Abbvie, Roche, MSD, Takeda,
Novartis and ADC Therapeutics, as well as participating in non-remunerated activities (consultancy
and teaching) from Roche, Celgene, Takeda, Abbvie, BMS, MSD, Pfizer, Janssen and Takeda, and
receiving travel support from Celgene, Roche, Janssen, Gilead Sciences and Abbvie.

References

1.  Geyer, ].T.; Prakash, S.; Orazi, A. B-Cell Neoplasms and Hodgkin Lymphoma in the Spleen. Semin. Diagn. Pathol. 2021, 38,
125-134. [CrossRef]

2. World Health Origanization. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues, 4th ed.; Swerdlow, S., Campo,
E., Harris, N., Jaffe, E., Pileri, S., Stein, H., Thiele, J., Eds.; IARC: Lyon, France, 2017.

3. Iannitto, E.; Tripodo, C. How I Diagnose and Treat Splenic Lymphomas. Blood 2011, 117, 2585-2595. [CrossRef] [PubMed]

4.  Jaffe, E.S. Diagnosis and Classification of Lymphoma: Impact of Technical Advances. Semin. Hematol. 2019, 56, 30-36. [CrossRef]

5. Fallah, J.; Olszewski, A.J. Diagnostic and Therapeutic Splenectomy for Splenic Lymphomas: Analysis of the National Cancer
Data Base. Hematology 2019, 24, 378-386. [CrossRef] [PubMed]

6. Coco, D.; Leanza, S. Indications for Surgery in Non-Traumatic Spleen Disease. Open Access Maced. ]. Med. Sci. 2019, 7, 2958-2960.
[CrossRef] [PubMed]

7. Olson, M.C.; Atwell, T.D.; Harmsen, W.S.; Konrad, A.; King, R.L.; Lin, Y.; Wall, D.]J. Safety and Accuracy of Percutaneous
Image-Guided Core Biopsy of the Spleen. Am. . Roentgenol. 2016, 206, 655-659. [CrossRef]

8.  John, S.; Shabana, W.; Salameh, ].P.; McInnes, M.D.E. Percutaneous Image-Guided Biopsy of the Spleen: Experience at a Single
Tertiary Care Center. Can. Assoc. Radiol. |. 2021, 72, 311-316. [CrossRef] [PubMed]

9.  Debord, C.; Wuilléeme, S.; Eveillard, M.; Theisen, O.; Godon, C.; Le Bris, Y.; Béné, M.C. Flow Cytometry in the Diagnosis of Mature
B-Cell Lymphoproliferative Disorders. Int. J. Lab. Hematol. 2020, 42, 113-120. [CrossRef]

10.  Yoshino, T; Tanaka, T.; Sato, Y. Differential Diagnosis of Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma and
Other Indolent Lymphomas, Including Mantle Cell Lymphoma. J. Clin. Exp. Hematop. 2020, 60, 124-129. [CrossRef]

11. Dronca, R.S; Jevremovic, D.; Hanson, C.A.; Rabe, K.G.; Shanafelt, T.D.; Morice, W.G.; Call, T.G.; Kay, N.E.; Collins, C.S.; Schwager,
S.M.; et al. CD5-Positive Chronic B-Cell Lymphoproliferative Disorders: Diagnosis and Prognosis of a Heterogeneous Disease
Entity. Cytom. Part B-Clin. Cytom. 2010, 78 (Suppl. 1), S35-S41. [CrossRef]

12. Salles, G.; De Jong, D.; Xie, W.; Rosenwald, A.; Chhanabhai, M.; Gaulard, P.; Klapper, W.; Calaminici, M.; Sander, B.; Thorns,
C.; et al. Prognostic Significance of Immunohistochemical Biomarkers in Diffuse Large B-Cell Lymphoma: A Study from the
Lunenburg Lymphoma Biomarker Consortium. Blood 2011, 117, 7070-7078. [CrossRef]

13. Cheson, B.D.; Fisher, R.I; Barrington, S.F,; Cavalli, F; Schwartz, L.H.; Zucca, E.; Lister, T.A. Recommendations for Initial
Evaluation, Staging, and Response Assessment of Hodgkin and Non-Hodgkin Lymphoma: The Lugano Classification. J. Clin.
Oncol. 2014, 32, 3059-3067. [CrossRef] [PubMed]

14. Rao, L.; Wang, X.; Zong, Z.; Chen, Z.; Shi, X.; Yi, C.; Zhang, X.; Yang, Z. PET-CT for Evaluation of Spleen and Liver 18 F-FDG
Diffuse Uptake Without Lymph Node Enlargement in Lymphoma. Medicine 2016, 95, e3750. [CrossRef] [PubMed]

15. Hallek, M.; Cheson, B.D.; Catovsky, D.; Caligaris-Cappio, F.; Dighiero, G.; Dohner, H.; Hillmen, P.; Keating, M.; Montserrat,
E.; Chiorazzi, N.; et al. IWCLL Guidelines for Diagnosis, Indications for Treatment, Response Assessment, and Supportive
Management of CLL. Blood 2018, 131, 2745-2760. [CrossRef]

16. Kansal, R.; Ross, C.W,; Singleton, T.P; Finn, W.G.; Schnitzer, B. Histopathologic Features of Splenic Small B-Cell Lymphomas: A
Study of 42 Cases With a Definitive Diagnosis by the World Health Organization Classification. Am. J. Clin. Pathol. 2003, 120,
335-347. [CrossRef] [PubMed]

17.  Kraemer, B.B.; Osborne, B.M.; Butler, ].J. Primary Splenic Presentation of Malignant Lymphoma and Related Disorders. A Study
of 49 Cases. Cancer 1984, 54, 1606-1619. [CrossRef]

18. Vitale, C.; Montalbano, M.C.; Salvetti, C.; Boccellato, E.; Griggio, V.; Boccadoro, M.; Coscia, M. Autoimmune Complications in

Chronic Lymphocytic Leukemia in the Era of Targeted Drugs. Cancers 2020, 12, 282. [CrossRef]


http://doi.org/10.1053/j.semdp.2020.08.002
http://doi.org/10.1182/blood-2010-09-271437
http://www.ncbi.nlm.nih.gov/pubmed/21119113
http://doi.org/10.1053/j.seminhematol.2018.05.007
http://doi.org/10.1080/16078454.2019.1591570
http://www.ncbi.nlm.nih.gov/pubmed/30885066
http://doi.org/10.3889/oamjms.2019.568
http://www.ncbi.nlm.nih.gov/pubmed/31844464
http://doi.org/10.2214/AJR.15.15125
http://doi.org/10.1177/0846537120903692
http://www.ncbi.nlm.nih.gov/pubmed/32157895
http://doi.org/10.1111/ijlh.13170
http://doi.org/10.3960/jslrt.19041
http://doi.org/10.1002/cyto.b.20546
http://doi.org/10.1182/blood-2011-04-345256
http://doi.org/10.1200/JCO.2013.54.8800
http://www.ncbi.nlm.nih.gov/pubmed/25113753
http://doi.org/10.1097/MD.0000000000003750
http://www.ncbi.nlm.nih.gov/pubmed/27196500
http://doi.org/10.1182/blood-2017-09-806398
http://doi.org/10.1309/HWG084N3F3LRJ8XB
http://www.ncbi.nlm.nih.gov/pubmed/14502797
http://doi.org/10.1002/1097-0142(19841015)54:8&lt;1606::AID-CNCR2820540823&gt;3.0.CO;2-5
http://doi.org/10.3390/cancers12020282

Curr. Oncol. 2021, 28 4628

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

De Back, T.R.; Kater, A.P,; Tonino, S.H. Autoimmune Cytopenias in Chronic Lymphocytic Leukemia: A Concise Review and
Treatment Recommendations. Expert Rev. Hematol. 2018, 11, 613—-624. [CrossRef]

Dhalla, E; Lucas, M.M.; Schuh, A.A_; Bhole, M.M.; Jain, R.R; Patel, S.Y.; Misbah, S.; Chapel, H. Antibody Deficiency Secondary to
Chronic Lymphocytic Leukemia: Should Patients Be Treated with Prophylactic Replacement Immunoglobulin? J. Clin. Immunol.
2014, 34, 277-282. [CrossRef]

Rawstron, A.C.; Fazi, C.; Agathangelidis, A.; Villamor, N.; Letestu, R.; Nomdedeu, J.; Palacio, C.; Stehlikova, O.; Kreuzer, K.A.;
Liptrot, S.; et al. A Complementary Role of Multiparameter Flow Cytometry and High-Throughput Sequencing for Minimal
Residual Disease Detection in Chronic Lymphocytic Leukemia: An European Research Initiative on CLL Study. Leukemia 2016, 30,
929-936. [CrossRef]

Rawstron, A.C.; Kreuzer, K.A.; Soosapilla, A.; Spacek, M.; Stehlikova, O.; Gambell, P.; Mclver-Brown, N.; Villamor, N.; Psarra, K,;
Arroz, M.; et al. Reproducible Diagnosis of Chronic Lymphocytic Leukemia by Flow Cytometry: An European Research Initiative
on CLL (ERIC) & European Society for Clinical Cell Analysis (ESCCA) Harmonisation Project. Cytom. Part B-Clin. Cytom. 2018,
94, 121-128. [CrossRef]

Gibson, S.E.; Swerdlow, S.H.; Ferry, J.A.; Surti, U.; Cin, P.D.; Harris, N.L.; Hasserjian, R.P. Reassessment of Small Lymphocytic
Lymphoma in the Era of Monoclonal B-Cell Lymphocytosis. Haematologica 2011, 96, 1144-1152. [CrossRef]

Dohner, H.; Stilgenbauer, S.; Benner, A.; Leupolt, E.; Krober, A.; Bullinger, L.; Dohner, K.; Bentz, M.; Lichter, P. Genomic
Aberrations and Survival in Chronic Lymphocytic Leukemia. N. Engl. J. Med. 2000, 343, 1910-1916. [CrossRef]

Eichhorst, B.; Robak, T.; Montserrat, E.; Ghia, P.; Niemann, C.U.; Kater, A.P.; Gregor, M.; Cymbalista, F.; Buske, C.; Hillmen, P.;
et al. Chronic Lymphocytic Leukaemia: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol.
2021, 32, 23-33. [CrossRef]

Goede, V,; Fischer, K.; Engelke, A.; Schlag, R.; Lepretre, S.; Montero, L.E.C.; Montillo, M.; Fegan, C.; Asikanius, E.; Humphrey, K,;
et al. Obinutuzumab as Frontline Treatment of Chronic Lymphocytic Leukemia: Updated Results of the CLL11 Study. Leukemia
2015, 29, 1602-1604. [CrossRef] [PubMed]

Autore, F; Strati, P.; Laurenti, L.; Ferrajoli, A. Morphological, Inmunophenotypic, and Genetic Features of Chronic Lymphocytic
Leukemia with Trisomy 12: A Comprehensive Review. Haematologica 2018, 103, 931-938. [CrossRef] [PubMed]

Bosch, F,; Dalla-Favera, R. Chronic Lymphocytic Leukaemia: From Genetics to Treatment. Nat. Rev. Clin. Oncol. 2019, 16, 684-701.
[CrossRef]

Hamblin, T.J.; Davis, Z.; Gardiner, A.; Oscier, D.G.; Stevenson, FK. Unmutated Ig V(H) Genes Are Associated with a More
Aggressive Form of Chronic Lymphocytic Leukemia. Blood 1999, 94, 1848-1854. [CrossRef]

Damle, R.N.; Wasil, T.; Fais, F.; Ghiotto, E.; Valetto, A.; Allen, S.L.; Buchbinder, A.; Budman, D.; Dittmar, K.; Kolitz, J.; et al. Ig V
Gene Mutation Status and CD38 Expression As Novel Prognostic Indicators in Chronic Lymphocytic Leukemia. Blood 1999, 94,
1840-1847. [CrossRef]

Queiros, A.C.; Villamor, N.; Clot, G.; Martinez-Trillos, A.; Kulis, M.; Navarro, A.; Penas, EM.M.; Jayne, S.; Majid, A.; Richter, J.;
et al. A B-Cell Epigenetic Signature Defines Three Biologic Subgroups of Chronic Lymphocytic Leukemia with Clinical Impact.
Leukemia 2015, 29, 598-605. [CrossRef] [PubMed]

Wojdacz, TK.; Amarasinghe, H.E.; Kadalayil, L.; Beattie, A.; Forster, J.; Blakemore, S.J.; Parker, H.; Bryant, D.; Larrayoz, M.;
Clifford, R.; et al. Clinical Significance of DNA Methylation in Chronic Lymphocytic Leukemia Patients: Results from 3 UK
Clinical Trials. Blood Adv. 2019, 3, 2474-2481. [CrossRef]

Stamatopoulos, K.; Agathangelidis, A.; Rosenquist, R.; Ghia, P. Antigen Receptor Stereotypy in Chronic Lymphocytic Leukemia.
Leukemia 2017, 31, 282-291. [CrossRef]

Puente, X.S.; Pinyol, M.; Quesada, V.; Conde, L.; Ordéiiez, G.R.; Villamor, N.; Escaramis, G.; Jares, P; Bed, S.; Gonzélez-Diaz, M.;
et al. Whole-Genome Sequencing Identifies Recurrent Mutations in Chronic Lymphocytic Leukaemia. Nature 2011, 475, 101-105.
[CrossRef] [PubMed]

Nadeu, F; Delgado, J.; Royo, C.; Baumann, T.; Stankovic, T.; Pinyol, M.; Jares, P.; Navarro, A.; Martin-Garcia, D.; Bea, S.; et al.
Clinical Impact of Clonal and Subclonal TP53, SF3B1, BIRC3, NOTCH1, and ATM Mutations in Chronic Lymphocytic Leukemia.
Blood 2016, 127, 2122-2130. [CrossRef]

Leeksma, A.C; Taylor, J.; Wu, B.; Gardner, J.R.; He, J.; Nahas, M.; Gonen, M.; Alemayehu, W.G.; te Raa, D.; Walther, T.; et al.
Clonal Diversity Predicts Adverse Outcome in Chronic Lymphocytic Leukemia. Leukemia 2019, 33, 390-402. [CrossRef]
Gaidano, G.; Rossi, D. The Mutational Landscape of Chronic Lymphocytic Leukemia and Its Impact on Prognosis and Treatment.
Hematology 2017, 2017, 329-337. [CrossRef]

International CLL-IPI Working Group. An International Prognostic Index for Patients with Chronic Lymphocytic Leukaemia
(CLL-IPI): A Meta-Analysis of Individual Patient Data. Lancet Oncol. 2016, 17, 779-790. [CrossRef]

Ahn, LE,; Tian, X,; Ipe, D.; Cheng, M.; Albitar, M.; Tsao, L.C.; Zhang, L.; Ma, W.; Herman, S.E.M.; Gaglione, E.M.; et al. Prediction
of Outcome in Patients With Chronic Lymphocytic Leukemia Treated With Ibrutinib: Development and Validation of a Four-Factor
Prognostic Model. J. Clin. Oncol. 2021, 39, 576-585. [CrossRef] [PubMed]

Kovacs, G.; Robrecht, S.; Fink, A.M.; Bahlo, J.; Cramer, P.; Von Tresckow, ]J.; Maurer, C.; Langerbeins, P.; Fingerle-Rowson, G.;
Ritgen, M.; et al. Minimal Residual Disease Assessment Improves Prediction of Outcome in Patients with Chronic Lymphocytic
Leukemia (CLL) Who Achieve Partial Response: Comprehensive Analysis of Two Phase III Studies of the German CLL Study
Group. J. Clin. Oncol. 2016, 34, 3758-3765. [CrossRef] [PubMed]


http://doi.org/10.1080/17474086.2018.1489720
http://doi.org/10.1007/s10875-014-9995-5
http://doi.org/10.1038/leu.2015.313
http://doi.org/10.1002/cyto.b.21595
http://doi.org/10.3324/haematol.2011.042333
http://doi.org/10.1056/NEJM200012283432602
http://doi.org/10.1016/j.annonc.2020.09.019
http://doi.org/10.1038/leu.2015.14
http://www.ncbi.nlm.nih.gov/pubmed/25634683
http://doi.org/10.3324/haematol.2017.186684
http://www.ncbi.nlm.nih.gov/pubmed/29748447
http://doi.org/10.1038/s41571-019-0239-8
http://doi.org/10.1182/blood.V94.6.1848
http://doi.org/10.1182/blood.V94.6.1840
http://doi.org/10.1038/leu.2014.252
http://www.ncbi.nlm.nih.gov/pubmed/25151957
http://doi.org/10.1182/bloodadvances.2019000237
http://doi.org/10.1038/leu.2016.322
http://doi.org/10.1038/nature10113
http://www.ncbi.nlm.nih.gov/pubmed/21642962
http://doi.org/10.1182/blood-2015-07-659144
http://doi.org/10.1038/s41375-018-0215-9
http://doi.org/10.1182/asheducation-2017.1.329
http://doi.org/10.1016/S1470-2045(16)30029-8
http://doi.org/10.1200/JCO.20.00979
http://www.ncbi.nlm.nih.gov/pubmed/33026937
http://doi.org/10.1200/JCO.2016.67.1305
http://www.ncbi.nlm.nih.gov/pubmed/27573660

Curr. Oncol. 2021, 28 4629

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Dimier, N.; Delmar, P.; Ward, C.; Morariu-Zamfir, R.; Fingerle-Rowson, G.; Bahlo, J.; Fischer, K.; Eichhorst, B.; Goede, V.; Van
Dongen, ].J.M.; et al. A Model for Predicting Effect of Treatment on Progression-Free Survival Using MRD as a Surrogate End
Point in CLL. Blood 2018, 131, 955-962. [CrossRef]

Kater, A.P; Wu, ].Q.; Kipps, T.; Eichhorst, B.; Hillmen, P.; D’Rozario, J.; Assouline, S.; Owen, C.; Robak, T.; de la Serna, J.; et al.
Venetoclax plus Rituximab in Relapsed Chronic Lymphocytic Leukemia: 4-Year Results and Evaluation of Impact of Genomic
Complexity and Gene Mutations from the MURANO Phase III Study. . Clin. Oncol. 2020, 38, 4042—4054. [CrossRef]

Kurtz, D.M.; Esfahani, M.S.; Scherer, E.; Soo, ]J.; Jin, M.C.; Liu, C.L.; Newman, A.M.; Diihrsen, U.; Hittmann, A.; Casasnovas,
O.; et al. Dynamic Risk Profiling Using Serial Tumor Biomarkers for Personalized Outcome Prediction. Cell 2019, 178, 699-713.
[CrossRef]

Shanafelt, T.D.; Wang, X.V.; Kay, N.E.; Hanson, C.A.; O’Brien, S.; Barrientos, J.; Jelinek, D.E,; Braggio, E.; Leis, ].E; Zhang, C.C.;
et al. Ibrutinib—Rituximab or Chemoimmunotherapy for Chronic Lymphocytic Leukemia. N. Engl. ]. Med. 2019, 381, 432-443.
[CrossRef]

Cappell, K.M,; Sherry, RM.; Yang, ].C.; Goff, S.L.; Vanasse, D.A.; McIntyre, L.; Rosenberg, S.A.; Kochenderfer, ].N. Long-Term
Follow-Up of Anti-CD19 Chimeric Antigen Receptor T-Cell Therapy. J. Clin. Oncol. 2020, 38, 3805-3815. [CrossRef]

Collett, L.; Howard, D.R.; Munir, T.; McParland, L.; Oughton, J.B.; Rawstron, A.C.; Hockaday, A.; Dimbleby, C.; Phillips, D.;
McMahon, K; et al. Assessment of Ibrutinib plus Rituximab in Front-Line CLL (FLAIR Trial): Study Protocol for a Phase II
Randomised Controlled Trial. Trials 2017, 18, 387. [CrossRef]

Hillmen, P.; Rawstron, A.C.; Brock, K.; Mufioz-Vicente, S.; Yates, FJ.; Bishop, R.; Boucher, R.; MacDonald, D.; Fegan, C.; McCaig,
A.; et al. Ibrutinib plus Venetoclax in Relapsed /Refractory Chronic Lymphocytic Leukemia: The CLARITY Study. J. Clin. Oncol.
2019, 37, 2722-2729. [CrossRef] [PubMed]

Jain, N.; Keating, M.; Thompson, P.; Ferrajoli, A.; Burger, J.; Borthakur, G.; Takahashi, K.; Estrov, Z.; Fowler, N.; Kadia, T.; et al.
Ibrutinib and Venetoclax for First-Line Treatment of CLL. N. Engl. ]. Med. 2019, 380, 2095-2103. [CrossRef] [PubMed]

Rogers, K.A.; Huang, Y.; Ruppert, A.S.; Abruzzo, L.V,; Andersen, B.L.; Awan, ET.; Bhat, S.A.; Dean, A.; Lucas, M.; Banks, C.;
et al. Phase II Study of Combination Obinutuzumab, Ibrutinib, and Venetoclax in Treatment-Naive and Relapsed or Refractory
Chronic Lymphocytic Leukemia. J. Clin. Oncol. 2020, 38, 3626-3637. [CrossRef] [PubMed]

Hallek, M. Towards Control Of Chronic Lymphocytic Leukemia With Targeted Agents. Hematol. Oncol. 2021, 39, 26-144.
[CrossRef]

Dreyling, M.; Campo, E.; Hermine, O.; Jerkeman, M.; Le Gouill, S.; Rule, S.; Shpilberg, O.; Walewski, J.; Ladetto, M. Newly
Diagnosed and Relapsed Mantle Cell Lymphoma: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up.
Ann. Oncol. 2017, 28 (Suppl. 4), iv62-iv71. [CrossRef]

Ferrer, A.; Salaverria, I.; Bosch, F.; Villamor, N.; Rozman, M.; Bea, S.; Giné, E.; Lépez-Guillermo, A.; Campo, E.; Montserrat, E.
Leukemic Involvement Is a Common Feature in Mantle Cell Lymphoma. Cancer 2007, 109, 2473-2480. [CrossRef] [PubMed]
Croci, G.A.; Hoster, E.; Bea, S.; Clot, G.; Enjuanes, A.; Scott, D.W.; Cabegadas, J.; Veloza, L.; Campo, E.; Clasen-Linde, E.; et al.
Reproducibility of Histologic Prognostic Parameters for Mantle Cell Lymphoma: Cytology, Ki67, P53 and SOX11. Virchows Arch.
2020, 477, 259-267. [CrossRef] [PubMed]

Argatoff, L.H.; Connors, ].M.; Klasa, R.].; Horsman, D.E.; Gascoyne, R.D. Mantle Cell Lymphoma: A Clinicopathologic Study of
80 Cases. Blood 1997, 89, 2067-2078. [CrossRef] [PubMed]

Ribera-Cortada, I.; Martinez, D.; Amador, V.; Royo, C.; Navarro, A.; Bea, S.; Gine, E.; De Leval, L.; Serrano, S.; Wotherspoon, A.;
et al. Plasma Cell and Terminal B-Cell Differentiation in Mantle Cell Lymphoma Mainly Occur in the SOX11-Negative Subtype.
Mod. Pathol. 2015, 28, 1435-1447. [CrossRef]

Liu, Z.; Dong, H.Y.; Gorczyca, W.; Tsang, P.; Cohen, P; Stephenson, C.E,; Berger, C.S.; Wu, C.D.; Weisberger, ]. CD5—Mantle Cell
Lymphoma. Am. J. Clin. Pathol. 2002, 118, 216-224. [CrossRef]

Gao, J.; Peterson, L.A.; Nelson, B.; Goolsby, C.; Chen, Y.H. Inmunophenotypic Variations in Mantle Cell Lymphoma. Am. J. Clin.
Pathol. 2009, 132, 699-706. [CrossRef]

Gualco, G.; Weiss, L.M.; Harrington, W.J.; Bacchi, C.E. BCL6, MUM1, and CD10 Expression in Mantle Cell Lymphoma. Appl.
Immunohistochem. Mol. Morphol. 2010, 18, 103-108. [CrossRef] [PubMed]

Phelps, A.; Gorgan, M.; Elaba, Z.; Pennington, M.; Norwood, C.; Rezuke, W.; Murphy, M.]. CD10-Positive Blastoid Mantle Cell
Lymphoma with Secondary Cutaneous Involvement. . Cutan. Pathol. 2013, 40, 765-767. [CrossRef]

Fu, K.; Weisenburger, D.D.; Greiner, T.C.; Dave, S.; Wright, G.; Rosenwald, A.; Chiorazzi, M.; Igbal, J.; Gesk, S.; Siebert, R.; et al.
Cyclin D1-Negative Mantle Cell Lymphoma: A Clinicopathologic Study Based on Gene Expression Profiling. Blood 2005, 106,
4315-4321. [CrossRef]

Zeng, W.; Fu, K,; Quintanilla-Fend, L.; Lim, M.; Ondrejka, S.; Hsi, E.D. Cyclin D1-Negative Blastoid Mantle Cell Lymphoma
Identified by SOX11 Expression. Am. J. Surg. Pathol. 2012, 36, 214-219. [CrossRef]

Mozos, A.; Royo, C.; Hartmann, E.; De Jong, D.; Bar6, C.; Valera, A.; Fu, K.; Weisenburger, D.D.; Delabie, J.; Chuang, S.S.; et al.
SOX11 Expression Is Highly Specific for Mantle Cell Lymphoma and Identifies the Cyclin D1-Negative Subtype. Haematologica
2009, 94, 1555-1562. [CrossRef] [PubMed]

Thorsélius, M.; Walsh, S.; Eriksson, I.; Thunberg, U.; Johnson, A.; Backlin, C.; Enblad, G.; Sundstrém, C.; Roos, G.; Rosenquist, R.
Somatic Hypermutation and VH Gene Usage in Mantle Cell Lymphoma. Eur. |. Haematol. 2002, 68, 217-224. [CrossRef] [PubMed]


http://doi.org/10.1182/blood-2017-06-792333
http://doi.org/10.1200/JCO.20.00948
http://doi.org/10.1016/j.cell.2019.06.011
http://doi.org/10.1056/NEJMoa1817073
http://doi.org/10.1200/JCO.20.01467
http://doi.org/10.1186/s13063-017-2138-6
http://doi.org/10.1200/JCO.19.00894
http://www.ncbi.nlm.nih.gov/pubmed/31295041
http://doi.org/10.1056/NEJMoa1900574
http://www.ncbi.nlm.nih.gov/pubmed/31141631
http://doi.org/10.1200/JCO.20.00491
http://www.ncbi.nlm.nih.gov/pubmed/32795224
http://doi.org/10.1002/hon.1_2879
http://doi.org/10.1093/annonc/mdx223
http://doi.org/10.1002/cncr.22715
http://www.ncbi.nlm.nih.gov/pubmed/17477385
http://doi.org/10.1007/s00428-020-02750-7
http://www.ncbi.nlm.nih.gov/pubmed/31975037
http://doi.org/10.1182/blood.V89.6.2067
http://www.ncbi.nlm.nih.gov/pubmed/9058729
http://doi.org/10.1038/modpathol.2015.99
http://doi.org/10.1309/TE56-A43X-29TT-5H8G
http://doi.org/10.1309/AJCPV8LN5ENMZOVY
http://doi.org/10.1097/PAI.0b013e3181bb9edf
http://www.ncbi.nlm.nih.gov/pubmed/19826251
http://doi.org/10.1111/cup.12109
http://doi.org/10.1182/blood-2005-04-1753
http://doi.org/10.1097/PAS.0b013e318241f050
http://doi.org/10.3324/haematol.2009.010264
http://www.ncbi.nlm.nih.gov/pubmed/19880778
http://doi.org/10.1034/j.1600-0609.2002.01662.x
http://www.ncbi.nlm.nih.gov/pubmed/12071937

Curr. Oncol. 2021, 28 4630

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Orchard, J.; Garand, R.; Davis, Z.; Babbage, G.; Sahota, S.; Matutes, E.; Catovsky, D.; Thomas, PW.; Avet-Loiseau, H.; Oscier,
D.G. A Subset of t(11;14) Lymphoma with Mantle Cell Features Displays Mutated IgVH Genes and Includes Patients with Good
Prognosis, Nonnodal Disease. Blood 2003, 101, 4975-4981. [CrossRef] [PubMed]

Thelander, E.F.; Rosenquist, R. Molecular Genetic Characterization Reveals New Subsets of Mantle Cell Lymphoma. Leuk.
Lymphoma 2008, 49, 1042-1049. [CrossRef] [PubMed]

Williams, M.E.; Nichols, G.E.; Swerdlow, S.H.; Stoler, M.H. In Situ Hybridization Detection of Cyclin DI MRNA in Centro-
cytic/Mantle Cell Lymphoma. Ann. Oncol. 1995, 6, 297-299. [CrossRef]

Martin-Garcia, D.; Navarro, A.; Valdés-Mas, R.; Clot, G.; Gutiérrez-Abril, J.; Prieto, M.; Ribera-Cortada, I.; Woroniecka, R.;
Rymkiewicz, G.; Bens, S.; et al. CCND2 and CCND3 Hijack Immunoglobulin Light-Chain Enhancers in Cyclin D12 Mantle Cell
Lymphoma. Blood 2019, 133, 940-951. [CrossRef]

Salaverria, I.; Royo, C.; Carvajal-Cuenca, A.; Clot, G.; Navarro, A.; Valera, A.; Song, ].Y.; Woroniecka, R.; Rymkiewicz, G.; Klapper,
W.; et al. CCND2 Rearrangements Are the Most Frequent Genetic Events in Cyclin D1—Mantle Cell Lymphoma. Blood 2013, 121,
1394-1402. [CrossRef]

Hoster, E.; Rosenwald, A.; Berger, E; Bernd, HW.; Hartmann, S.; Loddenkemper, C.; Barth, T.EE.; Brousse, N.; Pileri, S,;
Rymkiewicz, G.; et al. Prognostic Value of Ki-67 Index, Cytology, and Growth Pattern in Mantle-Cell Lymphoma: Results from
Randomized Trials of the European Mantle Cell Lymphoma Network. . Clin. Oncol. 2016, 34, 1386-1394. [CrossRef]

Navarro, A.; Bea, S.; Jares, P.; Campo, E. Molecular Pathogenesis of Mantle Cell Lymphoma. Hematol. Oncol. Clin. N. Am. 2020, 34,
795-807. [CrossRef]

Slotta-Huspenina, J.; Koch, I.; de Leval, L.; Keller, G.; Klier, M.; Bink, K.; Kremer, M.; Raffeld, M.; Fend, E; Quintanilla-Martinez,
L. The Impact of Cyclin D1 MRNA Isoforms, Morphology and P53 in Mantle Cell Lymphoma: P53 Alterations and Blastoid
Morphology Are Strong Predictors of a High Proliferation Index. Haematologica 2012, 97, 1422-1430. [CrossRef]

Jain, P.; Wang, M. Blastoid Mantle Cell Lymphoma. Hematol. Oncol. Clin. N. Am. 2020, 34, 941-956. [CrossRef]

Eskelund, C.W.; Kolstad, A.; Jerkeman, M.; Rity, R.; Laurell, A ; Eloranta, S.; Smedby, K.E.; Husby, S.; Pedersen, L.B.; Andersen,
N.S,; et al. 15-Year Follow-up of the Second Nordic Mantle Cell Lymphoma Trial (MCL2): Prolonged Remissions without Survival
Plateau. Br. . Haematol. 2016, 175, 410-418. [CrossRef]

Fernandez, V.; Salamero, O.; Espinet, B.; Solé, E.; Royo, C.; Navarro, A.; Camacho, F; Bea, S.; Hartmann, E.; Amador, V.; et al.
Genomic and Gene Expression Profiling Defines Indolent Forms of Mantle Cell Lymphoma. Cancer Res. 2010, 70, 1408-1418.
[CrossRef]

Federmann, B.; Frauenfeld, L.; Pertsch, H.; Borgmann, V.; Steinhilber, J.; Bonzheim, L; Fend, E.; Quintanilla-Martinez, L. Highly
Sensitive and Specific in Situ Hybridization Assay for Quantification of SOX11 MRNA in Mantle Cell Lymphoma Reveals
Association of TP53 Mutations with Negative and Low SOX11 Expression. Haematologica 2020, 105, 754-764. [CrossRef] [PubMed]
Silkenstedt, E.; Linton, K.; Dreyling, M. Mantle Cell Lymphoma—Advances in Molecular Biology, Prognostication and Treatment
Approaches. Br. |. Haematol. 2021, 39, 31-38. [CrossRef]

Martin, P.; Ghione, P.; Dreyling, M. Mantle Cell Lymphoma—Current Standards of Care and Future Directions. Cancer Treat. Rev.
2017, 58, 51-60. [CrossRef] [PubMed]

McCulloch, R.; Eyre, T.A.; Rule, S. What Causes Bruton Tyrosine Kinase Inhibitor Resistance in Mantle Cell Lymphoma and How
Should We Treat Such Patients? Hematol. Oncol. Clin. N. Am. 2020, 34, 923-939. [CrossRef]

Hermine, O.; Hoster, E.; Walewski, J.; Bosly, A.; Stilgenbauer, S.; Thieblemont, C.; Szymczyk, M.; Bouabdallah, R.; Kneba, M.;
Hallek, M.; et al. Addition of High-Dose Cytarabine to Immunochemotherapy before Autologous Stem-Cell Transplantation in
Patients Aged 65 Years or Younger with Mantle Cell Lymphoma (MCL Younger): A Randomised, Open-Label, Phase 3 Trial of
the European Mantle Cell Lymphoma N. Lancet 2016, 388, 565-575. [CrossRef]

Le Gouill, S.; Thieblemont, C.; Oberic, L.; Moreau, A.; Bouabdallah, K.; Dartigeas, C.; Damaj, G.; Gastinne, T.; Ribrag, V.; Feugier,
P; et al. Rituximab after Autologous Stem-Cell Transplantation in Mantle-Cell Lymphoma. N. Engl. ]. Med. 2017, 377, 1250-1260.
[CrossRef]

Zoellner, A.; Unterhalt, M.; Stilgenbauer, S.; Hiibel, K.; Thieblemont, C.; Metzner, B.; Kluin-Nelemans, H.; Hiddemann, W.;
Dreyling, M.; Hoster, E. Autologos Stem Cell Transplantation in First Remissoni Significantly Prolongs Progression-Fre Survival
And Overall Survilval in Mantle Cell Lymphoma. Hematol. Oncol. 2019, 37, 43—44. [CrossRef]

Robak, T.; Jin, J.; Pylypenko, H.; Verhoef, G.; Siritanaratkul, N.; Drach, J.; Raderer, M.; Mayer, J.; Pereira, J.; Tumyan, G.; et al.
Frontline Bortezomib, Rituximab, Cyclophosphamide, Doxorubicin, and Prednisone (VR-CAP) versus Rituximab, Cyclophos-
phamide, Doxorubicin, Vincristine, and Prednisone (R-CHOP) in Transplantation-Ineligible Patients with Newly Diagnosed
Mantle Cell Lymphoma. Lancet Oncol. 2018, 19, 1449-1458. [CrossRef]

Kluin-Nelemans, H.C.; Hoster, E.; Hermine, O.; Walewski, J.; Geisler, C.H.; Trneny, M.; Stilgenbauer, S.; Kaiser, E.; Doorduijn, J.K,;
Salles, G.; et al. Treatment of Older Patients With Mantle Cell Lymphoma (MCL): Long-Term Follow-Up of the Randomized
European MCL Elderly Trial. J. Clin. Oncol. 2020, 38, 248-256. [CrossRef]

Salles, G.; Wang, M. Role of Maintenance Rituximab (MR) after First Line (1L) Bendamustine + Rituximab (BR) or R-Chop in Patients
(PTS) with Mantle Cell lymphoma (MCL) from A Large US Real-World (RW) Cohor; Salles, G., Ed.; EHA Library: Amsterdam, the
Netherlands, 2021; p. 325543.


http://doi.org/10.1182/blood-2002-06-1864
http://www.ncbi.nlm.nih.gov/pubmed/12609845
http://doi.org/10.1080/10428190801947559
http://www.ncbi.nlm.nih.gov/pubmed/18452063
http://doi.org/10.1093/oxfordjournals.annonc.a059161
http://doi.org/10.1182/blood-2018-07-862151
http://doi.org/10.1182/blood-2012-08-452284
http://doi.org/10.1200/JCO.2015.63.8387
http://doi.org/10.1016/j.hoc.2020.05.002
http://doi.org/10.3324/haematol.2011.055715
http://doi.org/10.1016/j.hoc.2020.06.009
http://doi.org/10.1111/bjh.14241
http://doi.org/10.1158/0008-5472.CAN-09-3419
http://doi.org/10.3324/haematol.2019.219543
http://www.ncbi.nlm.nih.gov/pubmed/31296581
http://doi.org/10.1111/bjh.17419
http://doi.org/10.1016/j.ctrv.2017.05.008
http://www.ncbi.nlm.nih.gov/pubmed/28651117
http://doi.org/10.1016/j.hoc.2020.06.008
http://doi.org/10.1016/S0140-6736(16)00739-X
http://doi.org/10.1056/NEJMoa1701769
http://doi.org/10.1002/hon.13_2629
http://doi.org/10.1016/S1470-2045(18)30685-5
http://doi.org/10.1200/JCO.19.01294

Curr. Oncol. 2021, 28 4631

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Wang, M.L,; Rule, S.; Martin, P.; Goy, A.; Auer, R; Kahl, B.S.; Jurczak, W.; Advani, R.H.; Romaguera, ].E.; Williams, M.E.; et al.
Targeting BTK with Ibrutinib in Relapsed or Refractory Mantle-Cell Lymphoma. N. Engl. ]. Med. 2013, 369, 507-516. [CrossRef]
[PubMed]

Ansell, S.M.; Tang, H.; Kurtin, PJ.; Koenig, P.A.; Inwards, D.J.; Shah, K.; Ziesmer, S.C.; Feldman, A.L.; Rao, R.; Gupta, M; et al.
Temsirolimus and Rituximab in Patients with Relapsed or Refractory Mantle Cell Lymphoma: A Phase 2 Study. Lancet Oncol.
2011, 12, 361-368. [CrossRef]

Dreyling, M.; Jurczak, W.; Jerkeman, M.; Silva, R.S.; Rusconi, C.; Trneny, M.; Offner, F.; Caballero, D.; Joao, C.; Witzens-Harig,
M.; et al. Ibrutinib versus Temsirolimus in Patients with Relapsed or Refractory Mantle-Cell Lymphoma: An International,
Randomised, Open-Label, Phase 3 Study. Lancet 2016, 387, 770-778. [CrossRef]

Wang, M.; Rule, S.; Zinzani, PL.; Goy, A.; Casasnovas, O.; Smith, S.D.; Damaj, G.; Doorduijn, J.; Lamy, T.; Morschhauser, F; et al.
Acalabrutinib in Relapsed or Refractory Mantle Cell Lymphoma (ACE-LY-004): A Single-Arm, Multicentre, Phase 2 Trial. Lancet
2018, 391, 659-667. [CrossRef]

Wang, M.; Munoz, J.; Goy, A.; Locke, FEL.; Jacobson, C.A.; Hill, B.T.; Timmerman, ].M.; Holmes, H.; Jaglowski, S.; Flinn, LW.;
et al. KTE-X19 CAR T-Cell Therapy in Relapsed or Refractory Mantle-Cell Lymphoma. N. Engl. ]. Med. 2020, 382, 1331-1342.
[CrossRef]

Rattotti, S.; Croci, G.; Ferretti, V.V.; Morello, L.; Marino, D.; Carli, G.; Ferrero, S.; Loseto, G.; Olivieri, J.; Pelosini, M.; et al. Mantle
Cell Lymphoma Mimicking Mucosa-Associated Lymphoid Tissue (MALT) Lymphomas: A Pathological Characterization (on
Behalf of the "Fondazione Italiana Linfomi (FIL)—Postgraduate Master Course&quot). Blood 2017, 130 (Suppl. 1).

Shibata, K.; Shimamoto, Y.; Nakano, S.; Miyahara, M.; Nakano, H.; Yamaguchi, M. Mantle Cell Lymphoma with the Features
of Mucosa-Associated Lymphoid Tissue (MALT) Lymphoma in an HTLV-I-Seropositive Patient. Ann. Hematol. 1995, 70, 47-51.
[CrossRef]

Jain, P; Fayad, L.E.; Rosenwald, A.; Young, K.H.; O'Brien, S. Recent Advances in de Novo CD5+ Diffuse Large B Cell Lymphoma.
Am. ]. Hematol. 2013, 88, 798-802. [CrossRef]

Vela-Chavez, T.; Adam, P.; Kremer, M.; Bink, K.; Bacon, C.M.; Menon, G.; Ferry, J.A.; Fend, F,; Jaffe, E.S.; Quintanilla-Martinez,
L. Cyclin D1 Positive Diffuse Large B-Cell Lymphoma Is a Post-Germinal Center-Type Lymphoma without Alterations in the
CCND1 Gene Locus. Leuk. Lymphoma 2011, 52, 458—466. [CrossRef]

Aukema, S.M.; Croci, G.A.; Bens, S.; Oehl-Huber, K.; Wagener, R.; Ott, G.; Rosenwald, A.; Kluin, PM.; van den Berg, E.; Bosga-
Bouwer, A.G.; et al. Mantle Cell Lymphomas with Concomitant MYC and CCND1 Breakpoints Are Recurrently TdT Positive and
Frequently Show High-Grade Pathological and Genetic Features. Virchows Arch. 2021, 479, 133-145. [CrossRef]

Jain, A.G.; Chang, C.C.; Ahmad, S.; Mori, S. Leukemic Non-Nodal Mantle Cell Lymphoma: Diagnosis and Treatment. Curr. Treat.
Options Oncol. 2018, 20, 85. [CrossRef]

Cross, M.; Dearden, C. B and T Cell Prolymphocytic Leukaemia. Best Pract. Res. Clin. Haematol. 2019, 32, 217-228. [CrossRef]
[PubMed]

Lens, D.; De Schouwer, PJ.J.C.; Hamoudi, R.A.; Abdul-Rauf, M.; Farahat, N.; Matutes, E.; Crook, T.; Dyer, M.].S.; Catovsky, D. P53
Abnormalities in B-Cell Prolymphocytic Leukemia. Blood 1997, 89, 2015-2023. [CrossRef] [PubMed]

Chapiro, E.; Pramil, E.; Diop, M.; Roos-Weil, D.; Dillard, C.; Gabillaud, C.; Maloum, K.; Settegrana, C.; Baseggio, L.; Lesesve, ].F;
et al. Genetic Characterization of B-Cell Prolymphocytic Leukemia: A Prognostic Model Involving MYC and TP53. Blood 2019,
134,1821-1831. [CrossRef] [PubMed]

Eyre, T.A.; Fox, C.P; Boden, A.; Bloor, A.; Dungawalla, M.; Shankara, P.; Went, R.; Schuh, A.H. Idelalisib-Rituximab Induces
Durable Remissions in TP53 Disrupted B-PLL but Results in Significant Toxicity: Updated Results of the UK-Wide Compassionate
Use Programme. Br. |. Haematol. 2019, 184, 667—671. [CrossRef]

Gordon, M J.; Raess, PW.; Young, K.; Spurgeon, S.E.F,; Danilov, A.V. Ibrutinib Is an Effective Treatment for B-Cell Prolymphocytic
Leukaemia. Br. |. Haematol. 2017, 179, 501-503. [CrossRef] [PubMed]

Owen, R.G,; Treon, S.P.; Al-Katib, A.; Fonseca, R.; Greipp, P.R.; McMaster, M.L.; Morra, E.; Pangalis, G.A.; San Miguel, J.F;
Branagan, A.R,; et al. Clinicopathological Definition of Waldenstrom’s Macroglobulinemia: Consensus Panel Recommendations
from the Second International Workshop on Waldenstrom’s Macroglobulinemia. Semin. Oncol. 2003, 30, 110-115. [CrossRef]
[PubMed]

Paiva, B.; Montes, M.C.; Garcia-Sanz, R.; Ocio, E.M.; Alonso, J.; De Las Heras, N.; Escalante, F.; Cuello, R.; De Coca, A.G.; Galende,
J.; et al. Multiparameter Flow Cytometry for the Identification of the Waldenstrom’s Clone in IgM-MGUS and Waldenstrom’s
Macroglobulinemia: New Criteria for Differential Diagnosis and Risk Stratification. Leukemia 2014, 28, 166-173. [CrossRef]

San Miguel, J.E,; Vidriales, M.B.; Ocio, E.; Mateo, G.; Sdnchez-Guijo, F; Sdnchez, M.L.; Escribano, L.; Barez, A.; Moro, M.].;
Hernandez, J.; et al. Immunophenotypic Analysis of Waldenstrom’s Macroglobulinemia. Semin. Oncol. 2003, 30, 187-195.
[CrossRef] [PubMed]

Dimopoulos, M.A.; Kastritis, E.; Ghobrial, .M. Waldenstrom’s Macroglobulinemia: A Clinical Perspective in the Era of Novel
Therapeutics. Ann. Oncol. 2016, 27, 233-240. [CrossRef] [PubMed]

Treon, S.P; Xu, L.; Yang, G.; Zhou, Y.; Liu, X,; Cao, Y.; Sheehy, P.; Manning, R.J.; Patterson, C.J.; Tripsas, C.; et al. MYD88 L265P
Somatic Mutation in Waldenstrom’s Macroglobulinemia. N. Engl. J. Med. 2012, 367, 826-833. [CrossRef] [PubMed]

Treon, S.P,; Xu, L.; Hunter, Z. MYD88 Mutations and Response to Ibrutinib in Waldenstrom’s Macroglobulinemia. N. Engl. ]. Med.
2015, 373, 584-586. [CrossRef]


http://doi.org/10.1056/NEJMoa1306220
http://www.ncbi.nlm.nih.gov/pubmed/23782157
http://doi.org/10.1016/S1470-2045(11)70062-6
http://doi.org/10.1016/S0140-6736(15)00667-4
http://doi.org/10.1016/S0140-6736(17)33108-2
http://doi.org/10.1056/NEJMoa1914347
http://doi.org/10.1007/BF01715382
http://doi.org/10.1002/ajh.23467
http://doi.org/10.3109/10428194.2010.540361
http://doi.org/10.1007/s00428-021-03022-8
http://doi.org/10.1007/s11864-019-0684-8
http://doi.org/10.1016/j.beha.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31585622
http://doi.org/10.1182/blood.V89.6.2015
http://www.ncbi.nlm.nih.gov/pubmed/9058723
http://doi.org/10.1182/blood.2019001187
http://www.ncbi.nlm.nih.gov/pubmed/31527074
http://doi.org/10.1111/bjh.15151
http://doi.org/10.1111/bjh.14224
http://www.ncbi.nlm.nih.gov/pubmed/27391978
http://doi.org/10.1053/sonc.2003.50082
http://www.ncbi.nlm.nih.gov/pubmed/12720118
http://doi.org/10.1038/leu.2013.124
http://doi.org/10.1053/sonc.2003.50074
http://www.ncbi.nlm.nih.gov/pubmed/12720134
http://doi.org/10.1093/annonc/mdv572
http://www.ncbi.nlm.nih.gov/pubmed/26598544
http://doi.org/10.1056/NEJMoa1200710
http://www.ncbi.nlm.nih.gov/pubmed/22931316
http://doi.org/10.1056/NEJMc1506192

Curr. Oncol. 2021, 28 4632

107.
108.
109.
110.

111.
112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Yu, X,; Li, W,; Deng, Q.; Li, L.; Hsi, E.D.; Young, K.H.; Zhang, M.; Li, Y. MYD88 L265P Mutation in Lymphoid Malignancies.
Cancer Res. 2018, 78, 2457-2462. [CrossRef]

Kaiser, L.M.; Hunter, Z.R.; Treon, S.P.; Buske, C. CXCR4 in Waldenstrém’s Macroglobulinema: Chances and Challenges. Leukemia
2021, 35, 333-345. [CrossRef]

Castillo, J.].; Treon, S.P. Management of Waldenstrém Macroglobulinemia in 2020. Hematology 2020, 20, 372-379. [CrossRef]
Treon, S.P.; Meid, K.; Gustine, J.; Yang, G.; Xu, L.; Liu, X,; Patterson, C.J.; Hunter, Z.R.; Branagan, A.R.; Laubach, J.P; et al. Long-
Term Follow-Up of Ibrutinib Monotherapy in Symptomatic, Previously Treated Patients with Waldenstrom Macroglobulinemia. J.
Clin. Oncol. 2021, 39, 565-575. [CrossRef]

Dimopoulos, M.A.; Kastritis, E. How I Treat Waldenstrom Macroglobulinemia. Blood 2019, 134, 2022-2035. [CrossRef]
Dimopoulos, M.A.; Tedeschi, A.; Trotman, J.; Garcia-Sanz, R.; Macdonald, D.; Leblond, V.; Mahe, B.; Herbaux, C.; Tam, C.; Orsucci,
L.; et al. Phase 3 Trial of Ibrutinib plus Rituximab in Waldenstrém’s Macroglobulinemia. N. Engl. ]. Med. 2018, 378, 2399-2410.
[CrossRef]

Mollejo, M.; Camacho, EL; Algara, P.; Ruiz-Ballesteros, E.; Garcia, J.F,; Piris, M.A. Nodal and Splenic Marginal Zone B Cell
Lymphomas. Hematol. Oncol. 2005, 23, 108-118. [CrossRef]

Matutes, E. Splenic Marginal Zone Lymphoma: Disease Features and Management. Expert Rev. Hematol. 2013, 6, 735-745.
[CrossRef]

Zucca, E.; Arcaini, L.; Buske, C.; Johnson, PW.; Ponzoni, M.; Raderer, M.; Ricardi, U.; Salar, A.; Stamatopoulos, K.; Thieblemont,
C.; et al. Marginal Zone Lymphomas: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol.
2020, 31, 17-29. [CrossRef]

Mollejo, M.; Menarguez, J.; Guisado-Vasco, P,; Bento, L.; Algara, P.; Montes-Moreno, S.; Rodriguez-Pinilla, M.S.; Cruz, M.A ;
Casado, F; Montalban, C.; et al. Hepatitis C Virus-Related Lymphoproliferative Disorders Encompass a Broader Clinical and
Morphological Spectrum than Previously Recognized: A Clinicopathological Study. Mod. Pathol. 2014, 27, 281-293. [CrossRef]
Xochelli, A.; Kalpadakis, C.; Gardiner, A.; Baliakas, P.; Vassilakopoulos, T.P.; Mould, S.; Davis, Z.; Stalika, E.; Kanellis, G.;
Angelopoulou, M.K;; et al. Clonal B-Cell Lymphocytosis Exhibiting Immunophenotypic Features Consistent with a Marginal-
Zone Origin: Is This a Distinct Entity? Blood 2014, 123, 1199-1206. [CrossRef]

Baseggio, L.; Traverse-Glehen, A.; Petinataud, F; Callet-Bauchu, E.; Berger, F.; Ffrench, M.; Couris, C.M.; Thieblemont, C.; Morel,
D.; Coiffier, B.; et al. CD5 Expression Identifies a Subset of Splenic Marginal Zone Lymphomas with Higher Lymphocytosis: A
Clinico-Pathological, Cytogenetic and Molecular Study of 24 Cases. Haematologica 2010, 95, 604-612. [CrossRef] [PubMed]
Gailllard, B.; Cornillet-Lefebvre, P.; Le, Q.H.; Maloum, K.; Pannetier, M.; Lecog-Lafon, C.; Grange, B.; Jondreville, L.; Michaux, L.;
Nadal, N; et al. Clinical and Biological Features of B-Cell Neoplasms with CDK6 Translocations: An Association with a Subgroup
of Splenic Marginal Zone Lymphomas Displaying Frequent CD5 Expression, Prolymphocytic Cells, and TP53 Abnormalities. Br.
J. Haematol. 2021, 193, 72-82. [CrossRef]

Salido, M.; Baro, C.; Oscier, D.; Stamatopoulos, K.; Dierlamm, J.; Matutes, E.; Traverse-Glehen, A.; Berger, F.; Felman, P.;
Thieblemont, C.; et al. Cytogenetic Aberrations and Their Prognostic Value in a Series of 330 Splenic Marginal Zone B-Cell
Lymphomas: A Multicenter Study of the Splenic B-Cell Lymphoma Group. Blood 2010, 116, 1479-1488. [CrossRef]
Campos-Martin, Y.; Martinez, N.; Martinez-Lopez, A.; Cereceda, L.; Casado, F,; Algara, P.; Oscier, D.; Menarguez, E]J.; Garcia, J.F;
Piris, M.A.; et al. Clinical and Diagnostic Relevance of NOTCH2 and KLF2 Mutations in Splenic Marginal Zone Lymphoma.
Huaematologica 2017, 102, e310-e312. [CrossRef] [PubMed]

Arcaini, L.; Rossi, D.; Paulli, M. Splenic Marginal Zone Lymphoma: From Genetics to Management. Blood 2016, 127, 2072-2081.
[CrossRef] [PubMed]

Xing, K.H.; Kahlon, A.; Skinnider, B.F,; Connors, ].M.; Gascoyne, R.D.; Sehn, L.H.; Savage, K.J.; Slack, G.W.; Shenkier, T.N.; Klasa,
R.; et al. Outcomes in Splenic Marginal Zone Lymphoma: Analysis of 107 Patients Treated in British Columbia. Br. |. Haematol.
2015, 169, 520-527. [CrossRef]

Grever, M.R.; Abdel-Wahab, O.; Andritsos, L.A.; Banerji, V.; Barrientos, J.; Blachly, J.S.; Call, T.G.; Catovsky, D.; Dearden, C.;
Demeter, ].; et al. Consensus Guidelines for the Diagnosis and Management of Patients with Classic Hairy Cell Leukemia. Blood
2017, 129, 553-560. [CrossRef]

Zhou, L.; Xu, H.; Zhou, J.; Ouyang, B.; Wang, C. A Rare Case of Hairy Cell Leukemia with Co-Expression of Cd5 and Cyclin D1:
A Diagnostic Pitfall. Mol. Clin. Oncol. 2020, 13, 74. [CrossRef] [PubMed]

Chen, Y.-H.; Tallman, M.S.; Goolsby, C.; Peterson, L. Inmunophenotypic Variations in Hairy Cell Leukemia. Am. J. Clin. Pathol.
2006, 125, 251-259. [CrossRef] [PubMed]

Cortazar, ].M.; DeAngelo, D.J.; Pinkus, G.S.; Morgan, E.A. Morphological and Immunophenotypical Features of Hairy Cell
Leukaemia Involving Lymph Nodes and Extranodal Tissues. Histopathology 2017, 71, 112-124. [CrossRef]

Garnache Ottou, F.; Chandesris, M.O.; Lhermitte, L.; Callens, C.; Beldjord, K.; Garrido, M.; Bedin, A.S.; Brouzes, C.; Villemant, S.;
Rubio, M.T.; et al. Peripheral Blood 8 Colour Flow Cytometry Monitoring of Hairy Cell Leukaemia Allows Detection of High-Risk
Patients. Br. J. Haematol. 2014, 166, 50-59. [CrossRef] [PubMed]

Akarca, A.U.; Shende, V.H.; Ramsay, A.D.; Diss, T.; Pane-Foix, M.; Rizvi, H.; Calaminici, M.R.; Grogan, T.M.; Linch, D.; Marafioti,
T. BRAF V600E Mutation-Specific Antibody, a Sensitive Diagnostic Marker Revealing Minimal Residual Disease in Hairy Cell
Leukaemia. Br. |. Haematol. 2013, 162, 848-851. [CrossRef]


http://doi.org/10.1158/0008-5472.CAN-18-0215
http://doi.org/10.1038/s41375-020-01102-3
http://doi.org/10.1182/hematology.2020000121
http://doi.org/10.1200/JCO.20.00555
http://doi.org/10.1182/blood.2019000725
http://doi.org/10.1056/NEJMoa1802917
http://doi.org/10.1002/hon.762
http://doi.org/10.1586/17474086.2013.845522
http://doi.org/10.1016/j.annonc.2019.10.010
http://doi.org/10.1038/modpathol.2013.120
http://doi.org/10.1182/blood-2013-07-515155
http://doi.org/10.3324/haematol.2009.011049
http://www.ncbi.nlm.nih.gov/pubmed/20015887
http://doi.org/10.1111/bjh.17141
http://doi.org/10.1182/blood-2010-02-267476
http://doi.org/10.3324/haematol.2016.161711
http://www.ncbi.nlm.nih.gov/pubmed/28522570
http://doi.org/10.1182/blood-2015-11-624312
http://www.ncbi.nlm.nih.gov/pubmed/26989207
http://doi.org/10.1111/bjh.13320
http://doi.org/10.1182/blood-2016-01-689422
http://doi.org/10.3892/mco.2020.2142
http://www.ncbi.nlm.nih.gov/pubmed/33005408
http://doi.org/10.1309/PMQXVY619Q8Y43AR
http://www.ncbi.nlm.nih.gov/pubmed/16393677
http://doi.org/10.1111/his.13206
http://doi.org/10.1111/bjh.12839
http://www.ncbi.nlm.nih.gov/pubmed/24661013
http://doi.org/10.1111/bjh.12429

Curr. Oncol. 2021, 28 4633

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Cornet, E.; Tomowiak, C.; Tanguy-Schmidt, A.; Lepretre, S.; Dupuis, J.; Feugier, P.; Devidas, A.; Mariette, C.; Leblond, V.;
Thiéblemont, C.; et al. Long-Term Follow-up and Second Malignancies in 487 Patients with Hairy Cell Leukaemia. Br. ]. Haematol.
2014, 166, 390-400. [CrossRef]

Else, M.; Dearden, C.E.; Catovsky, D. Long-Term Follow-up after Purine Analogue Therapy in Hairy Cell Leukaemia. Best Pract.
Res. Clin. Haematol. 2015, 28, 217-229. [CrossRef]

Chihara, D.; Kantarjian, H.; O’Brien, S.; Jorgensen, ].; Pierce, S.; Fader], S.; Ferrajoli, A.; Poku, R.; Jain, P.; Thompson, P.; et al.
Long-Term Durable Remission by Cladribine Followed by Rituximab in Patients with Hairy Cell Leukaemia: Update of a Phase
1l Trial. Br. . Haematol. 2016, 174, 760-766. [CrossRef]

Chihara, D.; Arons, E.; Stetler-Stevenson, M.; Yuan, C.M.; Wang, HW.; Zhou, H.; Raffeld, M.; Xi, L.; Steinberg, S.M.; Feurtado, J.;
et al. Randomized Phase II Study of First-Line Cladribine with Concurrent or Delayed Rituximab in Patients with Hairy Cell
Leukemia. J. Clin. Oncol. 2020, 38, 1527-1538. [CrossRef]

Kreitman, R.J.; Dearden, C.; Zinzani, P.L.; Delgado, J.; Karlin, L.; Robak, T.; Gladstone, D.E.; le Coutre, P,; Dietrich, S.; Gotic, M.;
et al. Moxetumomab Pasudotox in Relapsed /Refractory Hairy Cell Leukemia. Leukemia 2018, 32, 1768-1777. [CrossRef]

Tiacci, E.; Park, J.H.; De Carolis, L.; Chung, S.S.; Broccoli, A.; Scott, S.; Zaja, F.; Devlin, S.; Pulsoni, A.; Chung, Y.R; et al. Targeting
Mutant BRAF in Relapsed or Refractory Hairy-Cell Leukemia. N. Engl. ]. Med. 2015, 373, 1733-1747. [CrossRef] [PubMed]
Dietrich, S.; Pircher, A.; Endris, V.; Peyrade, F; Wendtner, C.M.; Follows, G.A ; Hiillein, J.; Jethwa, A.; Ellert, E.; Walther, T.; et al.
BRAF Inhibition in Hairy Cell Leukemia with Low-Dose Vemurafenib. Blood 2016, 127, 2847-2855. [CrossRef]

Maitre, E.; Cornet, E.; Troussard, X. Hairy Cell Leukemia: 2020 Update on Diagnosis, Risk Stratification, and Treatment. Am. J.
Hematol. 2019, 94, 1413-1422. [CrossRef]

Robak, T.; Janus, A.; Jamroziak, K.; Tiacci, E.; Kreitman, R.]. Vemurafenib and Rituximab in Patients with Hairy Cell Leukemia
Previously Treated with Moxetumomab Pasudotox. J. Clin. Med. 2021, 10, 2800. [CrossRef] [PubMed]

Bairey, O.; Shvidel, L.; Perry, C.; Dann, E.J.; Ruchlemer, R.; Tadmor, T.; Goldschmidt, N. Characteristics of Primary Splenic Diffuse
Large B-Cell Lymphoma and Role of Splenectomy in Improving Survival. Cancer 2015, 121, 2909-2916. [CrossRef] [PubMed]
Shimono, J.; Miyoshi, H.; Kiyasu, J.; Sato, K.; Kamimura, T.; Eto, T.; Miyagishima, T.; Nagafuji, K.; Teshima, T.; Ohshima, K.
Clinicopathological Analysis of Primary Splenic Diffuse Large B-Cell Lymphoma. Br. |. Haematol. 2017, 178, 719-727. [CrossRef]
Poeschel, V.; Held, G.; Ziepert, M.; Witzens-Harig, M.; Holte, H.; Thurner, L.; Borchmann, P.; Viardot, A.; Soekler, M.; Keller,
U.; et al. Four versus Six Cycles of CHOP Chemotherapy in Combination with Six Applications of Rituximab in Patients with
Aggressive B-Cell Lymphoma with Favourable Prognosis (FLYER): A Randomised, Phase 3, Non-Inferiority Trial. Lancet 2019,
394, 2271-2281. [CrossRef]

Bologna, S.; Vander Borght, T.; Briere, J.; Ribrag, V.; Damaj, G.L.; Thieblemont, C.; Feugier, P.; Peyrade, F; Lebras, L.; Coso, D.; et al.
Early Positron Emission Tomography Response-adapted Treatment in Locallized Diffuse Large B-Cell Lymphoma (AAIPI = 0):
Results of The Phase 3 LYSA LNH 09-1B Trial. Hematol. Oncol. 2021, 39. [CrossRef]

Abramson, J.S. T-Cell /Histiocyte-Rich B-Cell Lymphoma: Biology, Diagnosis, and Management. Oncologist 2006, 11, 384-392.
[CrossRef] [PubMed]

Chang, C.C.; Bunyi-Teopengco, E.; Eshoa, C.; Chitambar, C.R.; Kampalath, B. CD5+ T-Cell/Histiocyte-Rich Large B-Cell
Lymphoma. Mod. Pathol. 2002, 15, 1051-1057. [CrossRef]

Tousseyn, T.; De Wolf-Peeters, C. T Cell/Histiocyte-Rich Large B-Cell Lymphoma: An Update on Its Biology and Classification.
Virchows Arch. 2011, 459, 557-563. [CrossRef] [PubMed]

Ponzoni, M.; Campo, E.; Nakamura, S. Intravascular Large B-Cell Lymphoma: A Chameleon with Multiple Faces and Many
Masks. Blood 2018, 132, 1561-1567. [CrossRef]

Ponzoni, M.; Ferreri, A.J.M.; Campo, E.; Facchetti, F.; Mazzucchelli, L.; Yoshino, T.; Murase, T.; Pileri, S.A.; Doglioni, C.; Zucca, E.;
et al. Definition, Diagnosis, and Management of Intravascular Large B-Cell Lymphoma: Proposals and Perspectives from an
International Consensus Meeting. J. Clin. Oncol. 2007, 25, 3168-3173. [CrossRef]

Shimada, K.; Yamaguchi, M.; Atsuta, Y.; Matsue, K.; Sato, K.; Kusumoto, S.; Nagai, H.; Takizawa, J.; Fukuhara, N.; Nagafuji,
K.; et al. Rituximab, Cyclophosphamide, Doxorubicin, Vincristine, and Prednisolone Combined with High-Dose Methotrexate
plus Intrathecal Chemotherapy for Newly Diagnosed Intravascular Large B-Cell Lymphoma (PRIMEUR-IVL): A Multicentre,
Single-Arm, Phase 2 Trial. Lancet Oncol. 2020, 21, 593-602. [CrossRef]

Jain, P; Dreyling, M.; Seymour, ].E; Wang, M. High-Risk Mantle Cell Lymphoma: Definition, Current Challenges, and Manage-
ment. J. Clin. Oncol. 2020, 38, 4302-4316. [CrossRef]


http://doi.org/10.1111/bjh.12908
http://doi.org/10.1016/j.beha.2015.09.004
http://doi.org/10.1111/bjh.14129
http://doi.org/10.1200/JCO.19.02250
http://doi.org/10.1038/s41375-018-0210-1
http://doi.org/10.1056/NEJMoa1506583
http://www.ncbi.nlm.nih.gov/pubmed/26352686
http://doi.org/10.1182/blood-2015-11-680074
http://doi.org/10.1002/ajh.25653
http://doi.org/10.3390/jcm10132800
http://www.ncbi.nlm.nih.gov/pubmed/34202156
http://doi.org/10.1002/cncr.29487
http://www.ncbi.nlm.nih.gov/pubmed/26096161
http://doi.org/10.1111/bjh.14736
http://doi.org/10.1016/S0140-6736(19)33008-9
http://doi.org/10.1002/hon.5_2879
http://doi.org/10.1634/theoncologist.11-4-384
http://www.ncbi.nlm.nih.gov/pubmed/16614234
http://doi.org/10.1038/3880651
http://doi.org/10.1007/s00428-011-1165-z
http://www.ncbi.nlm.nih.gov/pubmed/22081105
http://doi.org/10.1182/blood-2017-04-737445
http://doi.org/10.1200/JCO.2006.08.2313
http://doi.org/10.1016/S1470-2045(20)30059-0
http://doi.org/10.1200/JCO.20.02287

	Introduction 
	Clinical Vignette–Part 1 
	Chronic Lymphocytic Leukemia (CLL) 
	Definition 
	Clinical Features 
	Microscopy, Immunophenotype and Genetic Profile 
	Differential Diagnosis 
	Prognosis and Treatment 

	Mantle Cell Lymphoma (MCL) 
	Definition 
	Clinical Features 
	Microscopy, Immunophenotype and Genetic Profile 
	Prognosis and Treatment 
	Differential Diagnosis 

	Lymphomas Rarely Expressing CD5 
	Prolymphocytic Leukemia 
	Lymphoplasmacytic Lymphoma 
	Splenic Marginal Zone Lymphoma 
	Hairy Cell Leukemia 
	Aggressive B Cell Lymphomas 
	Diffuse Large B Cell Lymphoma 
	T Cell/Histiocyte-Rich Large B Cell Lymphoma 
	Intravascular Large B Cell Lymphoma 


	Clinical Vignette–Part 2 
	Conclusions 
	References

