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Abstract

This review discusses the definition and major categories of cutaneous T-cell lymphoma, Sézary
syndrome and mycosis fungoides, and the role of immunophenotyping in their diagnosis. The
following key points are raised:

1. Sézary syndrome and mycosis fungoides cells most often have a characteristic CD3+
CD4+ CD7- and/or CD26- immunophenotype.

2. This immunophenotype is not specific, but can assist in the distinction from non-
neoplastic T-cells and other subtypes of mature T-cell neoplasm.

3. However, small subsets of normal and reactive T-cells can have an overlapping
immunophenotype, and can be distinguished by evaluating for additional changes in
antigen expression.
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Cutaneous T-cell ymphomas: Definition and major categories

Primary cutaneous lymphomas are a group of lymphomas which usually present in the
skin with no evidence of extracutaneous involvement at the time of diagnosis (1,2). These
lymphomas are a heterogeneous group of clinicopathologic entities characterized at a
minimum by monoclonal T- or B-cell proliferations (1,3). The most up to date consensus
classification system for these diseases is published as the 2018 WHO classification of
Skin Tumours (4) which contemporizes the 2005 World Health Organization-European
Organization for the Research and Treatment of Cancer (WHO-EORTC) consensus
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classification (1) and intervening Haematopoietic/Lymphoid (2017) publication from the
WHO (5). Seventy-five to 80% of all primary cutaneous lymphomas are derived from
mature T cells, while B-cell lymphomas account for the remaining 20-25% (1).

The term “cutaneous T-cell lymphoma” (CTCL) is commonly used to include any type

of primary cutaneous lymphoma of T-cell origin. Historically, the term CTCL has been

used when referring to mycosis fungoides (MF) which is the most common CTCL type,

and its closely related leukemic counterpart Sézary syndrome (SS). MF and SS share a
common staging system and often both entities are accepted in the same clinical trials (1,6).
Distinctive clinicopathologic variants (subtypes) of MF that are recognized in the latest
WHO classification of skin tumours (4) include folliculotropic MF, pagetoid reticulosis and
granulomatous slack skin syndrome, although other less common clinical and pathologic
variants are often described (7). Other CTCL types in the classification include the following
entities: primary cutaneous CD30+ T-cell lymphoproliferative disorders (primary cutaneous
anaplastic large cell lymphoma and lymphomatoid papulosis), subcutaneous panniculitis-
like T-cell lymphoma, and primary cutaneous peripheral T-cell lymphoma (rare subtypes

of primary CTCL, including primary cutaneous gamma-delta T-cell lymphoma, primary
cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphoma, primary cutaneous
CD4+ small/medium T-cell lymphoproliferative disorder and primary cutaneous acral CD8+
T-cell lymphoma). Occasional cases do not fit into any of the above subtypes and are
considered “primary cutaneous peripheral T-cell lymphoma NOS (not otherwise specified)
(4). There are other entities that often present in the skin and hence may be considered
CTCL, but with rare exceptions should be considered systemic diseases. These entities
include adult T-cell leukemia/lymphoma, cutaneous manifestations of chronic active EBV
infection, and extranodal NK/T-cell lymphoma, nasal type (5).

MF is by far the most common type of primary cutaneous lymphoma, comprising
approximately 50% of all cutaneous lymphomas. It is a CTCL which is postulated to
derive from mature skin-resident effector memory (usually CD4+) T cells (8). Typically,
MF has an indolent clinical course, with most patients (80%) presenting with early-stage
disease, characterized by patches and plaques which may slowly progress to tumor lesions
and systemic involvement. The initial patches and plaques are characterized by medium
sized cerebriform lymphocytes mostly confined to the epidermis (epidermotropism) and
papillary dermis. Disease progression tends to manifest with tumor lesions that show lesser
epidermotropism and a tendency for large cell transformation (9). In addition, around one-
third of patients present with advanced disease already at diagnosis (9,10) by virtue of
either skin tumors and/or extracutaneous involvement presenting in the context of a vague
history of a chronic dermatitis. Patients with MF can either present with, or develop, an
erythrodermic appearance (TNMB stage T4), which may or may not be accompanied by
peripheral blood (PB) involvement (stage ranges from absent PB involvement (BO/clinical
stage I11A) to low PB tumor burden (B1/111B), with or without T-cell clonality in the PB),
but which does not meet hematologic criteria for Sézary syndrome (high PB tumor burden
with >1,000/uL Sézary cells and T-cell clonality in the PB) (5,11,12). Importantly, the
prognosis of patients with MF correlates with clinical stage, i.e. early-stage disease (stage
IA-11A) usually has a good long-term survival (5-year survival from 50 to 100%), whilst

Cytometry B Clin Cytom. Author manuscript; available in PMC 2022 July 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pulitzer et al.

Page 3

advanced-stage disease (stage 11B-1VB) is associated with a much worse prognosis and a
5-year survival lower than 40% (9).

Sézary syndrome (SS) is a more aggressive type of CTCL, accounting for 3-5% of these
disorders, and is characterized by the triad of: (i) erythroderma, usually with severely
disabling pruritus, in conjunction with (ii) generalized lymphadenopathy and (iii) the
presence of clonally related neoplastic cells (Sézary cells) in the skin, lymph nodes and
PB. In addition, according to WHO 2017 classification of lymphoid malignancies (5),

one or more of the following are required: an absolute Sézary cell count of =1,000/uL

of PB; an expanded CD4+ T-cell population resulting in a CD4:CD8 ratio =10; or the
presence of an aberrant phenotype (i.e. by flow cytometry), consisting of loss of one or
more T-cell antigens (5). Clinically, SS is characterized by an aggressive disease course:
5-year overall survival ranges between 10% to 30% (depending on ISCL and EORTC
clinical stage) and median survival is approximately 30 months (5,6,11). In contrast to MF
cells, which have an immunophenotype characteristics of skin-resident effector memory T
cells (i.e., CD27-, CD62L-, CD45RA-, CD45R0O+ and CD197-), Sézary cells show the
phenotype of circulating central memory CD4+ T cells, characterized by expression of the
nodal-homing chemokine CCR7 (CD197), together with a CD27+, CD62L+/-, CD45RA-
and CD45R0O+ phenotypic profile (8), expressing skin-homing molecules/receptors, such
as CLA (cutaneous lymphocyte antigen) and the CCR4 (CD194) and CCR10 chemokine
receptors (13).

The fact that cells from MF and SS show slight different phenotypic profiles for some
maturational markers led some authors to postulate a different cell of origin for the two
diseases (8). However, recent studies have found that circulating MF and SS cells are
frequently heterogeneous in their maturation profiles (14), and SS cells show diversity
in naive/memory maturation phenotype and molecular signature, as well as cytokine/
chemokine receptor expression (15).

Diagnosis of mycosis fungoides and Sézary syndrome: Role of immunophenotyping

The diagnosis of MF and SS is often challenging, particularly in their early stages, since
they can masquerade clinically as inflammatory conditions, such as chronic eczematous
dermatitis, psoriasis, pityriasis rubra pilaris, chronic actinic dermatitis, drug reactions,
idiopathic erythroderma or fungal infections, among others (13,16). Particularly, the
differential diagnosis between SS (and other erythrodermic CTCL) and erythrodermic
inflammatory dermatoses is difficult, because: (i) T-cell clonality can be occasionally
observed in inflammatory conditions, as well as in older subjects (progressive increase
during aging); (ii) partial loss of T-cell markers is often noted in non-CTCL individuals,
which may represent normal memory T-cell downregulation of signaling molecules, such as
CD3, CD4 or CD7 (compared to naive T cells); and (iii) not all SS patients have a CD4:CD8
ratio =10 at presentation (16,17). In such circumstances, the unequivocal identification of
Sézary cells, either in blood or skin, becomes a crucial issue. Currently, flow cytometry
(FC) is considered the ideal method for detecting Sézary cells in PB (and other tissues);
morphology has largely been replaced by FC for this purpose, because of a high inter-
observer variability in cell counts, and the fact that atypical lymphocytes with cerebriform
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nuclei can be found in PB from healthy subjects and patients with benign inflammatory skin
diseases (13,17).

Immunophenotyping of MF cells in skin.—In general, MF in the skin compartment
is a CD4+ memory T-helper cell process in which pan-T-cell antigens CD2, CD3 and CD5
are retained in early lesions and occasionally lost in more advanced disease; CD7 tends to
be lost early in the disease, by both routine immunohistochemistry and FC (5,13). (Figure
1) However, loss of CD7 is not specific to MF, and may occur in inflammatory dermatoses.
Thus, to achieve a diagnostic specificity of 93% using CD7 in patch stage MF, at least

90% of T cells should be negative for CD7 by immunohistochemistry (18). Loss of at

least 70% CD5 may also help confirm MF in these challenging cases. CD26 is usually
negative in MF, as in Sézary cells, though cases with cutaneous CD26+ CD4+ tumor T
cells have been described in the skin (19), and blood (20). T-cell receptor (TCR)-ap is
typically expressed on the tumor population, reflecting a monoclonal rearrangement of the
TCR alpha and beta chains of tumor CD4+ T cells and highlighted immunohistochemically
by antibodies, such as betaF1- to a common framework determinant on the beta-subunit of
the T-cell receptor (21). Rare variants of MF cells showing CD8+ or double CD4-CD8-
negative TCRap phenotypes have been described (5,7). Also, TCRy6 expressing tumor
cells have been described as uncommon variants of MF (22,23), which may be identified
using antibodies to either TCR& or TCRry chains of the T-cell receptor. Ki-67 proliferation
indices increase as the disease progresses, with tumor stage evolution or transformation to
larger cells and may correlate with prognosis (24,25). CD25 can also be identified in later
stage MF, and shows a dim cytoplasmic staining pattern, usually in only a subset of the
atypical cells. MF is typically CD30 negative by immunohistochemistry and FC, although
patch, plaque, tumor, erythrodermic, nontransformed and transformed MF can each show
CD30 positivity to varying degrees and in different anatomic compartments and cell subsets
(5). Programmed death receptor 1 (PD-1, CD279) may be also (dimly) expressed in MF,
but less often than in SS, as described below. Other T-cell follicle helper (TFH) markers,
including 1ICOS, CXCL-13, Bcl-6 and CD10 are expressed at some level in many cases

of MF, but these molecules are positive in less than 50% of neoplastic cells (26). TFH
phenotype in MF or SS, has been shown to remain concordant among MF biopsies from the
same patient over time, and it is not dependent on disease stage, with a cut-off of at least
10% of neoplastic cells expressing at least 3 antigens (26). FC analysis of lymphocytes from
mechanically extracted and digested skin biopsy specimens has shown diagnostic T-cell
aberrancies in patients with clinical and histologic findings consistent with MF, and not with
indeterminate or negative findings (27,28). While not routinely used at this time, FC of skin
specimens may be able to distinguish between tumor cell and tumor infiltrating lymphocyte
“immune escape” phenotypes using clonotypic TCR-V staining and activation/exhaustion
markers such as PD-1 and programmed death receptor ligand-1 (PD-L1), with the potential
for eventual therapeutic stratification (29). FC has identified both small and large cell shared
monoclonal populations in MF not seen by immunohistochemistry, with CD3+/CD26- T
cells accounting for 70% of MF cases, and absent CD7 only in 57% of cases. However, in
some cases of erythrodermic MF, FC analysis of PB may be the most concretely diagnostic
method of confirming lymphoma.
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Immunophenotype of SS/MF cells in peripheral blood.—FC evaluation of PB is
useful in the differential diagnoses of erythroderma, i.e. for the diagnosis of SS vs. reactive/
inflammatory erythrodermic conditions (16,17), and for staging MF (12). Since the clinical
presentation of erythroderma is generally not discriminative and skin biopsies of SS patients
may show only reactive changes in up to one third of cases, the diagnosis greatly depends
on the detection of Sézary cells in PB by FC. Several FC-based reports have shown that

SS patients show higher percentages of circulating CD4+CD7- and CD4+CD26- T cells
compared to patients with benign dermatoses, and a significantly higher CD4:CD8 ratio
than patients with benign dermatoses or no lymphoproliferative disorders (12,13). (Figure
2) Accordingly, a recent multicenter study found that loss of CD26 in 280% CD4+ T cells
and/or loss of CD7 in 240% CD4+ T cells could distinguish most SS patients (>80%) from
patients with erythrodermic inflammatory dermatoses with 100% specificity (16) (Figure 2).
Also, aberrant lower expression of CD2, CD3 or CD5 and less frequently CD4 is identified
in around 66% of SS; therefore, in conjunction with other findings, decreased expression of
these markers (i.e. losses of 25 or 50% or more in intensity of expression) would support the
diagnosis of a T-cell lymphoproliferative disorder (5) (Figure 2).

More recent studies described expression of killer-cell immunoglobulin-like receptors
(CD158a, CD158b, and CD158k), the CD164 adhesion molecule or the actin-bundling
protein T-plastin on Sézary cells (16,30,31,32), but results are discrepant and not conclusive,
in the sense that the percentage of SS cases found to express these markers is variable
among the different studies and usually not all SS cells in positive cases express them;
additionally, the expression of CD158k and particularly CD164 has not been adequately
analyzed in normal CD4+ T cells, to identify overlapping phenotypes. Accordingly, it should
be taken into account that there is no specific marker for Sézary cells, as normal CD4+

T cells -both in basal and particularly in reactive conditions-, may show phenotypes that
resemble that of Sézary cells, mainly when FC analysis is based on single or individual
markers (17). Therefore, none of these abnormalities is specific or sensitive enough to be
used as the sole diagnostic criterion to establish a differential diagnosis between SS and
reactive erythroderma. As an example, CD7 expression also defines a subset of normal
memory CD4+ T cells, which actually can be increased in patients with benign skin
diseases; though these cells usually express high levels of CD2, a minor subset of (central)
memory CD4+ T cells may also show lower levels of expression of CD2, together with
negativity of CD26 (Figure 3) (Julia Almeida and EuroFlow Consortium, unpublished
observations); along the same lines, other signaling molecules (such as CD3 and CD4) are
downregulated after T-cell activation (i.e. in reactive conditions). Nevertheless, distinction
between Sézary cells and normal/reactive CD4+ T cells significantly improves when a more
extensive phenotypic profile (and not just individual parameters) is considered. Accordingly,
CD26 together with CD7 can diagnose almost 90% of SS cases (16), and this reaches 93%
with the addition of CD2 (16). Furthermore, it has been shown that a CD3/TCRa ', CD4l°,
CcD271o, cD7-'° and CD2671° profile clearly distinguish Sézary cells from normal/reactive
CDA4+ T cells (17), even within the memory CD4+ T-cell compartment. The former cells
also systematically show dim but clear expression of PD-1 (CD279) (5,33), in the absence of
cytotoxic markers (17). Therefore, the widely adopted criteria recommended by the EORTC
Cutaneous Lymphoma Task Force, -based only on CD3+CD7- and/or CD3+CD26- CD4+
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T cells (16)- would be not adequate for the specific identification (and hence, accurate
enumeration) of SS/MF cells in PB, since small subsets of normal and particularly reactive T
cells may have an overlapping immunophenotype. Then, a more appropriate strategy for the
identification of SS/MF cells (i.e. to focus on the whole phenotype for all markers, and/or

to include additional markers) would be followed. To further improve the specificity of FC
in the diagnosis of SS (vs. reactive erythrodermic conditions), the TCR-Vp repertoire of
CDA4+ T cells showing a suspect phenotype can be analyzed using monoclonal antibodies

to 24 TCR-Vp segments, which cover 70% of the known TCR-V repertoire: in virtually

all cases, this assay will show either restriction of one of these TCR-V families or will be
negative for all tested antibodies, in both cases confirming monoclonality (17,34). However,
it should be taken into account that the large number of potential VB chains makes the TCR-
VB repertoire analysis by flow cytometry challenging (and expensive) to test these markers
in combination with other markers of MF/SS in routine clinical practice; interestingly,
recent studies have preliminarily show the potential utility of one single antibody to

confirm clonality by flow cytometry (an anti-TCR-Cp1 fluorochrome-conjugated antibody)
-in addition to typical panels for identifying MF/SS cells- for diagnosis and monitoring

of SS (35,36), although the published data with this novel antibody is limited so far, and
therefore more studies are needed specifically addressing its value for MF/SS diagnosis.

The above referred phenotypic profile (CD3/TCRap!?, CD4!°, D210, CD7-/1° and CD2610
together with CD45ROM) is the most common for tumor cells from both MF and SS

cases. No major evident phenotypical differences (both in skin and blood) have been
described in pathological cells between MF and SS that can be applied for differential
diagnosis in routine settings (i.e. in both diseases, cells show an overlapping phenotype).
Despite this, some (minor) phenotypic differences of cells for both diseases have been
documented; accordingly, it is interesting to note that in MF it is more frequent to find

cells negative for CD27, CD62L and CD197 than in SS (which would reflect differences

in their maturation stages, as mentioned above) (8), together with a higher percentage of
MF cases showing a CD26 positive phenotype -particularly in early stages- as well as

a CD279- profile, vs. SS, in addition to the fact that certain phenotypic variants of MF,
particularly “non-CD4*” (i.e. CD4-CD8", and mainly gamma-delta and CD8* cells) are
rare in SS (5,19,20,22,23). Also, it is important to note that immunophenotypic shifts in
individuals’ disease have been shown to occur, at different skin sites, over time, and after
the administration of various therapeutic agents (17). On the other hand, it should be

taken into account that certain phenotypic features of Sézary cells can be also observed

in T-cell chronic lymphoproliferative disorders other than SS/MF. In turn, tumor cells

from erythrodermic adult T-cell leukemia/lymphoma, and even from T-cell prolymphocytic
leukemia (that can also rarely present with erythroderma and in some cases with the cells
showing dim expression of CD3 and absent CD7) may have a similar phenotype as Sézary
cells, as well as many peripheral T-cell lymphomas, not otherwise specified. Ultimately, the
general disease categorization could be established by FC, but the final diagnosis requires
clinical correlation, in accordance with the WHO criteria (5), so that the integrated data may
help clarify the diagnosis.
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Figure 1:
Clinical photographs (low and high power) demonstrating broad symmetrical erythematous

plaques with fine scale in a “bathing trunk” distribution (upper row left and middle). H&E
stained histologic section demonstrates aggregates of atypical epidermotropic lymphocytes
with superficial dermal perivascular involvement (upper row right). Immunohistochemical
stains demonstrating staining of the infiltrate for CD3 and CD4, including many
epidermotropic cells, and loss of staining for CD7 (lower row).
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Figure2:
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Sezary/MF cells (light blue) often show a change in CD3 expression as seen in this case
compared to either normal CD4 (red) or CD8 (green) positive T cells. Dimmer than
normal CD3 expression is seen in this case, although (less frequently) brighter than normal
expression may also be seen in other cases. Typically reduced or negative expression of
CD26 and variably reduced CD7 are also present. Please note that normal T cells with
reduced CD26 and CD7 may also be seen. Some cases also show reduced CD2 and altered
CD45 (dim as in this case, or occasionally bright). CD5 is rarely altered. (Images courtesy

Dr. M. Roshal, Memorial Sloan Kettering Cancer Center)
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Figure 3:
A representative peripheral blood sample from an adult healthy donor stained with a

combination of monoclonal antibodies designed for the identification of Sézary cells. Panel
A shows total T cells (dark blue dots) while Panels B and C show the CD4+ T-cell (pink
dots) and CD8+ T-cell subsets (green dots); non-T-cell events are displayed in gray. In
Panel D, only T cells are displayed. Panels E-H show that a minor population of CD4+ T
cells (displayed in light blue) has overlapping phenotypic features with Sézary cells: CD7-,
CD26-, CD28+ and a mostly central memory (CD27+ and CD45R0+) phenotypic profile.
Cells were stained using BulkLysis-based EuroFlow SOPs (www.euroflow.org); a total of
7x10°% leukocyte events are shown in Panels A-C.

Cytometry B Clin Cytom. Author manuscript; available in PMC 2022 July 22.


http://www.euroflow.org/

	Abstract
	Cutaneous T-cell lymphomas: Definition and major categories
	Diagnosis of mycosis fungoides and Sézary syndrome: Role of immunophenotyping
	Immunophenotyping of MF cells in skin.
	Immunophenotype of SS/MF cells in peripheral blood.


	References
	Figure 1:
	Figure 2:
	Figure 3:

