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A B S T R A C T

Mycosis fungoides (MF) and Sézary syndrome (SS) are the most common types of cutaneous
lymphoma, accounting for approximately 60% of cutaneous T-cell lymphomas. Diagnosis re-
quires correlation of clinical, histologic, and molecular features. A multitude of factors have been
linked to the aetiopathogenesis, however, none have been definitively proven. Erythrodermic MF
(E-MF) and SS share overlapping clinical features, such as erythroderma, but are differentiated on
the degree of malignant blood involvement. While related, they are considered to be two distinct
entities originating from different memory T cell subsets. Differential expression of PD-1 and
KIR3DL2 may represent a tool for distinguishing MF and SS, as well as a means of monitoring
treatment response. Treatment of E-MF/SS is guided by disease burden, patients’ ages and co-
morbidities, and effect on quality of life. Current treatment options include biologic, targeted,
immunologic, and investigational therapies that can provide long term response with minimal
side effects. Currently, allogeneic stem cell transplantation is the only potential curative treat-
ment.

Introduction

Primary cutaneous lymphomas (PLC) represent a spectrum of extranodal non-Hodgkin lymphomas (NHL) with unique clinical,
histopathological, phenotypic, molecular, and prognostic features that differ from histologically similar systemic lymphomas, and
require different therapeutic approaches. Thus, the World Health Organization (WHO) and the European Organization for Research
and Treatment of Cancer (EORTC) created a separate consensus classification system for PCL, which was recently updated in 2018,
that serves as the gold standard for diagnosis and categorization of PCL. Cutaneous T-cell lymphomas (CTCL) comprise a hetero-
geneous group of primary extranodal NHLs that arise from the malignant transformation of mature postthymic T cells. In contrast to
systemic lymphomas, the majority of PCLs are of T-cell origin, with CTCLs accounting for 75–80% of PCLs.

Mycosis fungoides (MF) and Sézary syndrome (SS) are the most common forms of CTCL, characterized by skin homing CD4+ T
cells. Clinically, MF presents as cutaneous patches, plaques, tumours, and/or erythroderma, with or without extracutaneous in-
volvement; though patients with erythrodermic MF (E-MF) often present with a low burden of circulating malignant T cells (Sézary
cells). SS, in contrast, is the leukaemic variant of CTCL that manifests with erythroderma, peripheral lymphadenopathy, and a high
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burden of circulating Sézary cells [1]. Although early-stage MF patients have an indolent course, those with advanced-stage MF/SS
have compromised survival [1,2]. MF and SS share overlapping features, but are considered distinct entities. This review will focus on
erythrodermic CTCL (E-CTCL), which includes E-MF and SS.

Epidemiology

CTCLs make up approximately 3.9% of all NHLs and have an estimated age-adjusted incidence rate (IR) of 6.4–7.7/1,000,000
person-years in the United States (US) [3,4]. While the incidence of CTCL had been on the rise since the early 1970s [4], likely, in
part, due to improvements in diagnostic methods, it has recently been determined to be stable since 1998 [5]. In contrast to the
incidence, the prevalence of CTCL is relatively high given the excellent survival for most subtypes, with gross estimates ranging from
25,000 to 50,000 patients living with CTCL in the US [6].

MF and SS are the classic types of CTCL. MF is the most prevalent, accounting for approximately 60% of CTCLs. SS, however, is
rare, and comprises roughly 2.5–3% of cases, with an estimated incidence of 0.3 per million persons [4,7]. MF typically affects older
individuals, with a median age at diagnosis of 55–60 years and peak of around 80 years, and has a male-to-female incidence rate ratio
that ranges from 1.6 to 1.9:1; though no gender preference was noted in patients less than 30 years of age [3–5]. MF occurs at higher
rates in Blacks than in any other ethnic group [1,3]. SS has also been noted to occur at higher rates in men and older individuals.
However, unlike MF, the incidence of SS was noted to be higher in Whites than Blacks. Though, due to the rarity of SS, minimal
epidemiologic data exists [4].

Clinicopathologic features

MF, in the early stages, characteristically presents with well-defined, scaly, erythematous patches and/or plaques that are often
pruritic. Progression of MF is defined by the development of tumours and/or erythroderma. Erythroderma, however, can develop
with or without a background of pre-existing cutaneous lesions, and is a hallmark of both E-MF and SS. E-MF and SS represent a
spectrum of E-CTCL; and while SS may be preceded by E-MF, it usually develops de novo [8]. Other features that are common in E-
CTCL are alopecia, palmoplantar keratoderma, and ectropion (Fig. 1).

Typical histologic findings in MF are an epidermotropic infiltrate consisting of medium-sized, atypical lymphocytes with hy-
perconvoluted (cerebriform) nuclei, admixed with small lymphocytes and histiocytes. In early stage disease, skin biopsies demon-
strate a superficial perivascular or band-like infiltrate in the dermis with varying degrees of epidermotropism of single cells or clusters
(Pautrier microabscess) of atypical lymphocytes [7,9]. Tumour lesions, conversely, show a diffuse, dense, and deep dermal infiltrate,
with either diminished or absent epidermotropism of atypical lymphocytes [10]. The histological findings in E-CTCL are similar to
those in MF, but tend to be more subtle. The neoplastic infiltrate is often sparse, with minimal, if any, epidermotropism. In up to one-
third of biopsies, the findings are non-specific [7]. Thus, immunohistochemistry and blood flow cytometry are essential for the
accurate diagnosis of E-CTCL.

The malignant cells are a monoclonal expansion of predominantly TCR αβ, CD45RO + memory T cells. They typically have a
CD3+, CD4+, CD8- immunophenotype, with frequent loss of CD5, CD7, and CD26, and increased CD4:CD8 ratio. While CD7 is
normally expressed on approximately 90% of CD4+ T cells, it is found to be either completely or partially lost on circulating
neoplastic cells in 60–70% of SS cases. However, altered expression of CD7 has been noted in benign inflammatory dermatoses, and
thus, loss of CD26 is more specific for identifying Sézary cells [8,11].

No definitive marker exists to delineate E-CTCL, though there are notable changes in the chemokine receptor profile of malignant
T cells. Based on the differential expression of chemokine receptors, MF and SS, while related and sharing overlapping features, are
considered two distinct entities that derive from separate memory T cell subsets. The leukaemic CTCL cells in SS are central memory
T cells (TCM), which recirculate in the blood and lymph nodes. They show co-expression of CCR4, CCR7, and L-selectin, with variable

Fig. 1. Right lower lid ectropion (a); patchy (b) and diffuse (c) erythroderma with alopecia; diffuse, exfoliative erythroderma with hyperkeratotic
plaques on elbows (d); plantar keratoderma (e); and chronic thickening of the skin of the dorsal hands, impetiginized, with fissuring and ony-
chodystrophy (f) in patients with E-CTCL.
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expression of CLA. About 20% of TCM are also found in skin, giving rise to new populations of tissue-tropic effector cells when
rechallenged with antigen. MF, on the other hand, has been shown to be a malignancy of CCR4+, CCR7- skin resident effector
memory T cells (TEM), which do not recirculate. Clonal malignant T cells from MF skin lesions demonstrated expression of CLA and
CCR4, but lacked co-expression of CCR7 and L-selectin, and thus had a phenotype characteristic of TEM [12].

PD-1 and KIR3DL2 (CD158k) have also been noted to have differential expression in MF and SS, reinforcing the view that MF and
SS are distinct entities. PD-1 and KIR3DL2 have shown increased levels in SS, compared to MF [13,14], and have emerged as
important therapeutic targets. Analysis of TCR gene rearrangement in the skin and blood for clonality can also aid in the diagnosis of
E-CTCL. However, while presence of TCR clonality alone is not definitive for malignancy, as it can be present in benign dermatoses,
when taken in conjunction with the entire clinicopathologic picture, it can provide supporting evidence for diagnosis [15].

Patients with E-CTCL have either stage III or IV disease, with exact stage determined by degree of nodal, visceral, and blood
involvement. To distinguish E-MF from SS, the International Society for Cutaneous Lymphoma (ISCL) recommended classification
based on the degree of blood involvement, which was categorized as follows: no blood tumour burden (B0), defined as ≤5% Sézary
cells on peripheral smear, low blood tumour burden (B1), defined as> 5% but ≤20% Sézary cells, or high blood tumour burden
(B2), defined as> 1000 cells/μL or> 20% Sézary cells [8,11]. While patients with B0 or B1 blood involvement are classified as E-
MF, B2 blood involvement, plus clonal rearrangement of the TCR in the blood that is relevant to the clone in the skin, is necessary for
the diagnosis of SS. The ISCL-EORTC further expanded the criteria for B2 classification to include a CD4:CD8 ratio ≥10, or expanded
CD4+ T cells with abnormal immunophenotype, specifically ≥40% loss of CD7- or ≥30% loss of CD26 [16].

Aetiology and pathogenesis

The aetiopathogenesis of CTCL remains largely unknown. Due to the rarity of CTCL, data are sparse and primarily derive from
studies on MF, given that it is the most common type of CTCL. While numerous hypotheses have been posited, many studies show
conflicting data or lack validation. Though the heterogeneity in clinical presentation and behaviour of CTCL raises the likelihood that
the development of CTCL is attributable to more than one aetiology.

CTCL derives from skin-homing, memory T-cells that clonally expand within a background of chronic inflammation. It is believed
that chronic antigenic stimulation, combined with underlying cytogenetic abnormalities, results in the unchecked clonal proliferation
of these atypical lymphocytes [10,17]. A wide variety of environmental and occupational exposures, and iatrogenic factors have been
implicated as causative agents; however, no definitive evidence of any hypothesized association exists [18–20]. A few studies have
raised the possibility of a self-stimulatory pathway contributing to the pathogenesis of CTCL, as they demonstrated the co-localization
of antigen presenting cell (APC) receptors, B7 and CD40, and their respective T-cell ligands, CD28 and CD40L, on neoplastic lym-
phocytes within MF lesions; though this was also demonstrated in chronic, benign conditions, such as psoriasis [21,22].

Bacterial and viral pathogens have been suggested to play a role. Staphylococcus aureus, in particular, has been the focus of
numerous studies given that cutaneous colonization is often seen in erythrodermic MF, and SS patients. Keratinocytes of MF patients
have shown increased expression of toll-like receptors (TLR) 2, 4, and 9 [23]. TLR2, specifically, recognizes pathogen-associated
molecular patterns (PAMPs) from S. aureus [24]. Thus, the increased expression of TLRs may be related to the cutaneous colonization
with S. aureus. Additionally, while cutaneous colonization with S. aureus has been associated with disease progression, clinical
improvement after eradication of S. aureus with a course of antibiotics has been noted [25]. Staphylococcal exfoliating toxin and toxic
shock syndrome toxin-1 stimulate a proliferative response in Sézary cells. This clonal expansion is further enhanced by the addition of
interleukin-1 (IL-1). Notably, the toxins induce IL-1 production in keratinocytes [26].

Investigations of viral pathogens have focused on EBV, CMV, and HTLV-I. While MF patients are often found to be seropositive for
EBV and CMV, the significance of this finding, if any, has yet to be elucidated [27]. Conversely, while most CTCL patients, aside from
those with ATLL, demonstrate no serologic evidence of HTLV-I, one study reported the presence of HTLV-I proviral DNA sequences in
extracts of peripheral blood mononuclear cells; thus, positing an association of HTLV-I with the development of MF [28,29].
However, the results of this study remain controversial.

Immunosuppression and/or immunosuppressive therapy may be risk factors for the development of CTCL. Cases have been
documented in patients following organ transplantation [30,31], after treatment for Hodgkin's disease [32], in HIV-positive patients
[33,34], and subsequent to use of biologic therapy, specifically anti-TNFα, for the treatment of immune-mediated disorders [35,36].
Lastly, while no definitive genetic inheritance or predisposition has been established, two studies have shown an association of MHC
class II alleles HLA-DRB1*11 and DQB1*03 with MF [37,38].

More recent studies have demonstrated increasing evidence that apoptotic resistance, as opposed to uncontrolled cellular pro-
liferation, may have a more significant role in the pathological process responsible for the development of CTCL. This acquired
resistance is mediated via the extrinsic apoptotic pathway and influenced by the tumour microenvironment. Among other me-
chanisms of apoptotic dysregulation, malignant T cells display resistance to activation induced cell death (AICD) [39–41].

Immunologic and molecular aberrations

Cells within the CTCL tumour microenvironment display an exhausted phenotype, with upregulation of inhibitory immune
checkpoints. Compared to healthy skin, both the presumably CD4+ malignant T cells and the tumour-infiltrating CD8+ T cells have
shown increased expression of PD-1, CTLA-4, LAG3, and other immune checkpoints, with higher levels correlating to more advanced
stage of disease [17]. Furthermore, differential expression of PD-1 in SS and MF has been demonstrated, with higher expression noted
in malignant T cells of SS patients compared with MF patients, which may contribute to immunosuppression in SS [14]. KIR3DL2, a
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member of the killer cell immunoglobulin (Ig)-like receptor (KIR), has also been demonstrated to have increased expression in SS,
compared to non-transformed MF [42]. In a study of 33 SS patients, 32 (97.0%) showed positive expression of KIR3DL2. A previous
study in 34 patients, conducted by the same group, found that 28 (82.4%) were positive for KIR3DL2. Of significance, expression of
KIR3DL2 was not observed on phenotypically normal T cells. This data suggests that KIR3DL2 can be a positive marker for Sézary
cells and, thus, could not only have utility in diagnosing SS, but also in monitoring during treatment [13].

The genetic basis for CTCL has not been fully elucidated. However, genomic analysis via comparative genomic hybridization
(CGH) analysis, whole exome sequencing (WES), whole genome sequencing (WGS), and RNA-sequencing has revealed numerous
cytogenetic abnormalities that provide insight into the pathogenesis of MF and SS. While the exact significance of these genetic
alternations, including chromosomal imbalances (CIs), somatic copy number variants (SCNV), somatic single nucleotide variants
(SSNV), and epigenetic modifications, is unknown, this data has potential therapeutic implications.

In a CGH analysis of 34 patients with CTCL, 18 of whom had SS, CIs were identified in 19 (55.9%) patients. The most frequent
aberrations were losses involving chromosome 1p, 10q/10, and 19, and gains involving 4/4q, 18, and 17q/17. Apart from gains of
chromosome 17q/17, which were only seen in SS, a similar pattern of CIs was seen in advanced MF and SS. Losses were more
common in SS than in MF. Infrequent losses of chromosomes 6p, 13q, 16p/16, and 20, and gains of chromosome 8 were also observed
in advanced MF and SS; and thus, may be indicative of disease progression [43]. A subsequent CGH analysis of 32 CTCL patients
detected CIs in 21 (65.6%) patients, six of whom had stage III/IV (presumed E-MF and SS) disease. The most frequent aberrations
were losses of chromosomal regions 17p, 13q, 10q, and 6q, and gains of chromatin of chromosome 7, 8q, and 17q11q22. Losses were,
again, noted more abundant than gains in advanced CTCL. Importantly, the number of chromosomal aberrations correlated with
clinical stage, which suggests that genes encoded on these loci may influence lymphomagenesis and disease progression [44].

Two comprehensive analyses studying 84 SS and 40 stage IV (presumed E-MF and SS) CTCL patients identified previously known
chromosomal alterations, including gains of chromosome 8q and 17q and losses of chromosome 10q, 17p, and 19q; but also delved
further to identify the target genes underlying the recurrent copy number mutations [45,46]. The former study, in addition to
revealing recurrent genomic losses at 9p21.1 (CDKN2A), 10p11.22 (PTEN), and 13q14.2 (RB1), discovered genetic alterations in
genes that have a role in epigenetic modification including chromatin and histone modification (i.e. ARID1A, ARID5B, MLL, MLL2,
MLL4, SETD1A, SETD1B, SETD6) and DNA methylation (i.e. NCOR1, TET1, TET2, DNMT3A, DNMT3B) [46]. The latter study
identified somatic mutations in 17 genes, implicating them in the pathogenesis of CTCL. These somatic mutations were demonstrated
to have roles in T-cell signalling and differentiation (CD28 and CCR4), apoptotic pathways (FAS), NF-κB and STAT signalling
pathways (STAT3 and STAT5B), the PI3K/AKT pathway (PTEN and RHOA), epigenetic regulation (ARID1A, DNMT3A, and KMT2C),
cell cycle regulation (CDKN2A and RB), and regulation of genome integrity (TP53 and ATM) [45]. An additional analysis of 11MF
and SS patients noted recurrent alterations in TNFR2, as well as mutations in PI3K-related genes involved in TCR-CD28 signalling and
mutations in NF-κB pathway genes [47].

Recent data has revealed that certain microRNAs (miRNAs) are differentially expressed in CTCL, and can distinguish CTCL from
benign skin disease with 90–95% accuracy. Thus, these oncogenic (miR-21, miR-155, miR-326, miR-663b, and miR-711) and tumour
suppressor (miR-203 and miR-205) miRNAs likely play a role in the pathogenesis of CTCL. While the aberrant expression of most of
these miRNAs has not been associated with a specific stage of CTCL, miR-21 and miR-155, whose expression is mediated by JAK/
STAT5, have demonstrated altered expression in SS and tumour stage MF, respectively [48]. Of note, an antagonist to miR-155 is
currently being evaluated in a phase I/II clinical trial.

Treatment principles and regimen

The treatment of E-MF and SS is based on the extent of disease, patients’ ages and comorbidities, and impact on quality of life.
Current approaches for treating E-MF/SS include biologic, targeted, and immunotherapeutic therapies that can provide long term
treatment with minimal side effects, while maintaining quality of life. None of these approaches are curative and, hence, patients
frequently have relapses necessitating ongoing treatments. Standard regimens for E-MF and SS include extracorporeal photopheresis
(ECP), subcutaneous interferon-α (IFN-α), oral bexarotene, histone deacetylase inhibitors (HDACis), and combinations using ECP
with bexarotene and/or IFN-α (Table 1).

Biologic therapies

Extracorporeal photopheresis
ECP is a process in which leukocytes are withdrawn from the blood via apheresis, incubated with 8-methoxypsoralen (8-MOP) and

exposed to UVA light (1–2 J/cm2), then reinfused into the patient. ECP is empirically administered on two consecutive days every two
to four weeks. While the immunomodulatory mechanisms that account for the efficacy of ECP have yet to be fully elucidated, current
evidence supports the occurrence of two simultaneous and synergistic processes that stimulate a potent antitumor response. These
processes are the induction of apoptosis in the circulating malignant T lymphocytes and the conversion of blood monocytes to
immature dendritic cells (DCs). The immature DCs phagocytose the apoptotic malignant T lymphocytes and, subsequently, activate
an antigen-specific immune response against the malignant T cell clone [49–51].

ECP was approved by the FDA in 1987 for the treatment of advanced CTCL following the preliminary results of a landmark,
multicentre trial. The trial included a small cohort of refractory CTCL patients, in which 27 (73.0%) of 37 patients demonstrated
partial or complete response, with a mean time to response (TTR) of 22.4 weeks. A greater response rate was noted in those with
exfoliative erythroderma, as 24 (82.8%) of 29 responded to treatment, while only three (37.5%) of eight with stage I and II disease
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responded [52]. An RCT trial comparing psoralen with ultraviolet light A (PUVA) and ECP also demonstrated the ineffectiveness of
ECP in treating plaque stage MF, but noted an overall response rate (ORR) of 56.5% in a group of 23 SS patients what were treated
with ECP for at least six months. Response was positively correlated with Sézary cell count [53], though the opposite has been shown
in other studies [16]. Subsequent studies with ECP used as monotherapy in MF and SS patients demonstrated ORRs of 52.9%–73.0%
[51]. When ECP is used as part of combination therapy, especially with IFN-α, the ORRs have, in general, been higher than with ECP
as monotherapy. ECP is well tolerated with few adverse events (AEs) noted. Most AEs were related to volume shifts (i.e. hypotension,
exacerbation of congestive heart failure) or complications of venous access (i.e. venepuncture site hematoma, superficial throm-
bophlebitis, catheter-related sepsis) [16].

Oral bexarotene
Bexarotene (Targretin, LGD1069) is a synthetic retinoid that selectively activates retinoid-X receptors. It is an orally-administered

medication that was approved by the FDA in 1999 for the treatment of all stages of CTCL. In vitro studies demonstrated that
bexarotene functions via the induction of apoptosis in CTCL cell lines, though the precise mechanisms are unknown [54].

A multinational phase II/III trial of 94 patients with advanced MF and SS (stage IIB-IVB) demonstrated an ORR of 44.6% and
55.3% with daily doses of 300mg/m2 and>300mg/m2, respectively. Median TTR was 25.7 weeks for doses of 300mg/m2/d and
8.4 weeks for doses> 300mg/m2/d. In 33 E-MF and SS (stage III and IV) patients, the ORR was 36.4% at a dose of 300mg/m2/d,
with notable reduction in skin erythema and scaling. While there was a dose-relationship with regards to efficacy, a higher rate of
AEs, most notably hyperlipidaemia, was also noted at doses> 300mg/m2/d when compared to doses of 300mg/m2/d. Thus, a
starting dose of 300mg/m2/d demonstrated the best risk-benefit ratio [55].

The most common side effects of oral bexarotene therapy were hyperlipidaemia (hypertriglyceridemia more so than hypercho-
lesterolemia), central hypothyroidism, and leukopenia, all of which were easily monitored with routine blood tests.
Hypertriglyceridemia and hypercholesterolemia were managed with lipid lowering agents (LLA), and hypothyroidism was treated
with thyroid supplementation. Hyperlipidaemia and hypothyroidism were noted to be reversible with discontinuation of bexarotene.
Leukopenia had a low incidence, was mild, and responded to intervention with G-CSF [55,56].

A subsequent study in refractory, early and advanced CTCL with bexarotene used alone and in combination demonstrated im-
proved clinical response rates when multiple LLAs were used to control dose-limiting hyperlipidaemia. For those treated with
bexarotene alone, there was an ORR of 25.0%, 43.8%, and 90.0%, when treated with no LLA, one LLA, and two LLAs, respectively.
When bexarotene was given in combination, ORRs of 66.7% and 75.0% were attained with use of one LLA and two LLAs, respectively.
Of the 16 patients, 15 of whom had stage III/IV disease, treated with combination therapy, 11 (68.8%) responded, which included
one CR. Of importance, it was noted that Gemfibrozil is contraindicated with use of bexarotene. Since bexarotene is metabolized by
cytochrome P450 3A4, inhibition of this isoenzyme by Gemfibrozil results in increased plasma levels of bexarotene and triglycerides
[56].

Bexarotene has been safely combined with PUVA, IFN-α, IFN-γ, and ECP, in patients with advanced, and/or refractory, CTCL
[56]. A phase I study of bexarotene and denileukin diftitox exhibited a high ORR with an acceptable safety profile. 12 patients with
relapsed or refractory CTCL, five of whom had stage III/IV disease, were treated with oral bexarotene administered by cohort dose-
escalation at daily doses of 75, 150, 225, and 300mg/day, and denileukin diftitox at a dose of 18 mcg/kg per day for three days per
21-day cycle. An ORR of 66.7% was reported with four PRs and four CRs. As with bexarotene alone, hypertriglyceridemia and
hypothyroidism occurred in most patients and were managed with oral medication. Few grade III and IV AEs occurred [57]. The
improved response rate of this combination therapy is likely related to the upregulation of functional high-affinity IL-2R subunits by
bexarotene, which enhanced the cytotoxicity of the IL-2R-directed fusion toxin, denileukin diftitox [58].

Interferon-alpha
IFNs are endogenous cytokines that are part of the innate immune system. They exhibit pleiotropic cellular effects, including

antiviral, antiproliferative, and immunomodulatory activity. IFN-α is a type I IFN with two subtypes, IFN-α-2a and IFN-α-2b, which
share the same biologic activity. Recombinant IFN-α-2a and IFN-α-2b are commercially available as Roferon-A and Intron-A, re-
spectively. However, Roferon-A, which is no longer available in the US, has been replaced by peg- IFN-α-2a (Pegasys). Type I IFNs
mediate their effects, in part, via activation of the JAK/STAT signalling pathway, as well as by direct cytotoxic effects. Resistance to
IFN-α has been associated with the loss of STAT1 expression [59].

The efficacy of IFN-α for the treatment of CTCL was first established in 1984. Heavily treated patients with advanced disease that
were treated with 50Mμ/m2 IFN-α-2a three times per week (TIW) for at least three months demonstrated an ORR of 45% [60]. A
subsequent trial in 22 early and advanced CTCL patients treated at doses of 3 and 36Mμ daily of IFN-α-2a for 10 weeks showed an
ORR of 37.5% and 78.6%, respectively; thus, demonstrating greater efficacy at higher doses. The mean TTR was eight weeks and
mean duration of response (DOR) was 14 weeks. Of the six patients with stage III/IV disease, one CR was attained at low dose, and
one CR and PR were attained at high dose [61]. While some patients on high dose required dose reduction, some on low dose were
unable to achieve CR without dose escalation. Numerous other studies have shown that patients are better able to tolerate high doses
of IFN-α when treated with dose escalation versus an initial high dose. The range of individually tolerated doses is between 3 and
18Mμ daily. While there is no consensus on treatment regimen, a starting dose of 3Mμ subcutaneously (SQ) daily is recommended,
with gradual dose escalation [60].

The side effects can be acute or chronic, and are generally dose-related, though some may resolve or improve without a dose
change. Side effects can also be mitigated by pre-treatment with acetaminophen or by administering injections at bedtime. Acute side
effects of flu-like symptoms, including fever, chills, arthralgias, myalgias, and malaise, are experienced by most patients. Chronic side
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effects include fatigue, anorexia, depression, diarrhoea, alopecia, hypothyroidism, chronic cough, myelosuppression, and impaired
liver function [60,61].

Given the effectiveness of IFN-α as monotherapy, combination therapies were evaluated in an effort to extend its efficacy. IFN-α
combined with PUVA was demonstrated to be superior to combinations with retinoids and ECP [62,63]. A phase II trial of 39 patients
with early and advanced MF and SS used a combination of 12Mμ TIW, SQ or intramuscularly, of IFN-α-2a, and PUVA TIW. An ORR of
89.7% was attained with 11 (28.2%) and 24 (61.5%) patients achieving a PR and CR, respectively. The median DOR was 28 months.
In 14 patients with stage III/IV disease, an ORR of 85.7% was reached with five (35.7%) and seven (50.0%) patients achieving a PR
and CR, respectively [64]. The mean ORR for 11 trials that investigated the combination of IFN-α and PUVA was 79% [62].

When compared to other types of treatments, especially chemotherapies and immunotherapies, IFN-α has a significant advantage
in that there is no increased incidence of a second malignancy or cumulative dose effects, and rarely, drug-induced disorders. Thus,
long-term use of IFN-α is safe and practical [60].

Histone deacetylase inhibitors

Histone modification via acetylation is a form of epigenetic gene modification that serves as an important regulatory mechanism
for gene transcription. Histone acetylation and deacetylation exist in a dynamic equilibrium; however, this can be altered in ma-
lignancy [65,66]. Histone deacetylases (HDACs) are a class of ubiquitous enzymes that catalyse the removal of acetyl groups from
histones, resulting in chromatin compaction. NCOR1 and CTBP1, genes that encode proteins involved in HDAC complexes, which
regulate HDAC activity, have been found to have overexpression of mRNA in SS [67]. In cases of aberrant HDAC expression resulting
in a neoplastic process, HDACis have been shown to inhibit cell growth, promote differentiation, and induce apoptosis [66,68],
possibly by restoring the expression of tumour suppressor and/or cell cycle regulatory genes [69]. In targeting one or more of the 11
HDACs, HDACi also affect non-histone proteins whose activity is affected by acetylation, such as chromatin remodelling proteins,
DNA-binding nuclear receptors, DNA repair enzymes, signalling mediators, structural proteins, transcription coregulators, and DNA-
binding transcription factors [65]. HDACi have demonstrated a favourable side effect profile in phase II trials, and thus, are preferred
over chemotherapies [66].

Vorinostat
Vorinostat (suberoylanilide [SAHA], Zolinza) is an orally administered, small-molecule competitive inhibitor of class I and II

HDACs. It was approved by the FDA in 2006 for use in CTCL patients with at least stage IB disease that is progressive, persistent, or
recurrent during or after treatment with at least two systemic therapies.

One phase II trial treated 74 patients with 400mg daily, with dose adjustments made for grade III or IV toxicities. The 400-mg
dose was generally well tolerated with only nine patients requiring one dose modification, and two requiring a second dose mod-
ification. The ORR was 29.7%, with one CR attained. Median TTR was 7.9 weeks. 10 (33.3%) of 30 patients with SS responded, with a
median TTR of eight weeks. Additionally, pruritus relief was notable in both responders and non-responders with 21 (32.3%) of 65
patients with a score of at least three out of 10 endorsing improvement. Of those with severe pruritus, scores of at least seven out of
10, 13 (43.3%) of 30 had improvement, including five (31.3%) of 16 SS patients. Pruritus relief was achieved early and often
sustained for the duration of treatment [70].

Another phase II trial utilized three separate dosing regimens, which are as follows: 400mg daily; 300mg twice daily, three days
per week for four weeks, then, if tolerated, increased to five days per week; and induction with 300mg twice daily for 14 days, with
seven days off, then resumption of therapy at 200mg twice daily. As in the previous trial, dosing modifications were made, as
necessary, for grade III and IV toxicities, and were required in three patients, one from each treatment group. PR was achieved in
eight (24.2%) of 33 patients, which was especially notable given the heavily pre-treated population. No CR was attained. The two
discontinuous dosing regimens were demonstrated to have higher toxicity with no additional clinical benefit when compared to the
continuous dosing of 400mg daily. Again, rapid and persistent pruritus relief was demonstrated in responders and non-responders.
14 (45.2%) of 31 patients with baseline pruritus noted improvement, with the majority being in the continuous treatment group [71].

In both studies, Vorinostat demonstrated a favourable safety profile. The most common serious toxicities (grade III and IV) were
dehydration, thrombocytopenia, nausea/vomiting, anaemia, hypotension, infection, sepsis, and pulmonary embolism. Importantly,
toxicities were noted to be reversible with discontinuation of therapy [70–72].

Romidepsin
Romidepsin (FK228, depsipeptide, Istodax) is a potent, class I and II HDACi. It was approved by the FDA in 2009 for use in CTCL

patients who received at least one prior systemic therapy. It is administered intravenously (IV) as a four-hour infusion of 14mg/m2,
once a week for three weeks, with one week off. Treatment may be continued until the patient becomes intolerant to therapy or has
disease progression.

A pivotal, phase II study of 96 patients demonstrated an ORR of 34.4%, with six complete responses. The median TTR was two
months, and the median DOR was 15 months. In patients with blood involvement, either B1 or B2, 12 (32.4%) of 37 had a response,
with two achieving CR. This response was noted to be rapid and sustained via assessment of Sézary cell counts. Relief of pruritus was
significant with 60 (92.3%) of 65 patients with moderate to severe pruritus endorsing improvement. However, as with Vorinostat,
relief of pruritus did not correlate with clinical response to treatment, as improvement was demonstrated in responders and non-
responders [73].

Most toxicities reported were mild (grade I or II), the most common of which were GI disturbances (i.e. nausea, vomiting,
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diarrhoea), fatigue, anorexia, and hematologic abnormalities (i.e. thrombocytopenia, anaemia). Additionally, as reported in phase I
studies, ECG changes, though mild and clinically insignificant, were demonstrated. QTc prolongation was found to be independent of,
but exacerbated by, anti-emetic therapy [73,74].

Panobinostat
Panobinostat (LBH589) is a potent, pan-HDACi that, in preclinical studies, has been demonstrated to induce apoptosis and inhibit

cell proliferation [68]. In a phase I trial of 10 CTCL patients with advanced, refractory disease, panobinostat exhibited efficacy with
four patients achieving a PR and two reaching a CR. Skin biopsies were evaluated via gene expression profiling, revealing the
induction of transcriptional repression of genes, more so than activation, in treated patients. Specifically, genes involved in the
regulation of cell cycle progression and angiogenesis were found to be downregulated [68,75].

A multicentre, phase II study evaluated MF/SS patients that had failed at least two prior systemic therapies, and stratified them
based on prior exposure to bexarotene. Panobinostat was orally administered at 20mg on Monday, Wednesday, and Friday each week
on a 28-day cycle; and treatment continued until progression, intolerance, or discontinuation. In the primary analysis, an ORR of
17.3% was achieved for all patients, with responses reported in 12 (15.2%) of 79 bexarotene-exposed patients and 12 (20.0%) of 60
bexarotene-naïve patients, including one CR in each group. Of the SS patients, responses were observed in six (28.6%) of 21 and two
(16.7%) of 12 in the bexarotene-exposed and bexarotene-naïve groups, respectively. The median progression-free survival (PFS) in
the bexarotene-exposed and -naïve groups was 4.2 and 3.7 months, respectively. Some pruritus relief was experienced by 24 (24.7%)
of the 97 patients with baseline pruritus. The most common AEs were thrombocytopenia, diarrhoea, fatigue, nausea, and poor
appetite [76].

Monoclonal antibodies

Monoclonal antibodies (mAbs) augment the immune response to malignancy by selectively targeting tumour cells. MAbs mediate
antitumor activity via three main immune effector mechanisms: antibody dependent cellular cytotoxicity (ADCC), complement de-
pendent cytotoxicity (CDC), and induction of adaptive immune responses [77,78].

Alemtuzumab
Alemtuzumab (Campath-1H) is a humanized IgG1 mAb targeting CD52, a cell surface antigen present on normal and malignant B

cells and T cells. Its primary antitumor effect is thought to be via ADCC mediated by neutrophils and, less so, natural killer (NK) cells
[12]. It is FDA-approved for the treatment of chronic lymphocytic leukaemia (CLL), and has shown benefit in the treatment of
leukaemic CTCL, with erythroderma as a positive predictor of response [79].

Early studies in advanced, refractory or relapsed CTCL demonstrated good response with ORR, PR, and CR ranging from 51 to
84%, 23–37%, and 18–47%, respectively [80–82]. Benefit was greatest in those with erythrodermic MF and SS, possibly due to
selective depletion of central memory T cells [12]. Most significant toxicities were hematologic (e.g. profound lymphopenia), po-
tentially requiring granulocyte-colony stimulating factor (G-CSF), and infectious, including reactivation of CMV and herpes zoster,
tuberculosis, and fungal infections. Given the risk of opportunistic infections, patients are maintained on prophylactic antibiotic and
antiviral therapy, which has reduced, but not eliminated infectious complications [81,83]. While these early studies treated with
doses of up to 30mg TIW, SQ or IV, subsequent studies demonstrated that lower doses, typically 10mg TIW, may be as efficacious
with fewer infectious risks [12,84].

Mogamulizumab
Mogamulizumab (KW-0761, Poteligeo) is a humanized IgG1 mAb that selectively binds CC-chemokine receptor 4 (CCR4). It has

an artificially defucosylated Fc region, which binds with high-affinity to the Fc receptor on effector cells to enhance ADCC. CCR4 is
expressed on memory helper T cells and regulatory T cells (Tregs), and is involved in the trafficking of lymphocytes to the skin.
CCR4+ tumour cells have been consistently demonstrated in various T cell malignancies such as CTCL, peripheral T cell lymphoma
(PTCL) and adult T cell leukaemia/lymphoma (ATLL), and are significantly associated with poor prognosis [85–87].

A multicentre phase I/II trial in the U.S. demonstrated effectiveness in CTCL with an ORR of 36.8%, and a median PFS of 11.4
months. Of the 17 SS patients, six (35.5%) achieved PR, and two (11.8%) obtained CR [88]. A phase II trial in Japan demonstrated
similar results in a small cohort of CTCL patients, achieving an ORR of 37.5% [89]. While mogamulizumab had been approved for use
in ATLL in Japan since 2012, it was not approved for use in CTCL and PTCL until 2014 [85]. In the U.S., mogamulizumab just recently
received FDA approval in September 2018, based on the findings of the MAVORIC trial, for use in relapsed or refractory MF and SS
following at least one prior systemic therapy.

The MAVORIC trial was an international, phase III, randomized controlled trial that compared mogamulizumab, dosed at 1.0mg/
kg IV, weekly for the first 28-day cycle, then biweekly, with vorinostat, dosed at 400mg orally, daily. Mogamulizumab demonstrated
superiority to vorinostat in both ORR and median PFS, which was 23.1% and 6.7 months, respectively, in the mogamulizumab group,
and 3.8% and 3.8 months, respectively, in the vorinostat group. Additionally, of the 133 patients that crossed over from vorinostat to
mogamulizumab, 41 (30.8%) achieved an overall response. The effects of mogamulizumab were most pronounced in the blood with a
median DOR of 25.5 months, compared to 20.6 months and 15.5 months in the skin and lymph nodes, respectively. Of the 81 SS
patients in the mogamulizumab group, 30 (37.0%) had an overall response. The most common AEs in the mogamulizumab group
were infusion-related reactions (34%), drug rash (24%), diarrhoea (24%), and fatigue (24%). Grade III and IV AEs of any cause were
consistent between the two groups at 41%; and the most frequently reported treatment-related, serious AEs in the mogamulizumab
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group were pneumonia (2%) and pyrexia (2%) [90].

Allogeneic stem cell transplant

Allogeneic stem cell transplant (SCT) is, currently, the only potential curative treatment for CTCL. While autologous SCT has
demonstrated curative potential in Hodgkin lymphoma and various types of non-Hodgkin lymphoma, it is not recommended for the
treatment of CTCL. Limited studies of autologous SCT, either from bone marrow or peripheral blood, preceded by high-dose com-
bination chemotherapy with or without radiotherapy, yielded discouraging results in CTCL patients [91,92]. While an excellent ORR
was achieved, with nearly all patients attaining CR, relapse occurred frequently and was often rapid. The median estimated time to
disease progression across all studies was a paltry 2.3 months [93]. Furthermore, meta-analysis revealed superior overall survival
rates and event free survival rates in allogeneic SCT over autologous SCT [94]. Allogeneic SCT has been demonstrated to achieve
long-term remissions in refractory or relapsed CTCL, with PFS as high as 34% at 10 years [95]. Decreased relapse rates are thought to
be attributable to a beneficial donor immune response directed against tumour cells, known as a graft-versus-lymphoma (GVL) effect
[94,96]. However, this effect may be diminished in patients with large cell transformation [97,98].

Still, regardless of the use of myeloablative conditioning (MAC) or reduced intensity conditioning (RIC) regimen, relapse rates and
transplant-related mortality rates with allogeneic SCT are substantial. Aside from disease progression, infection and complications
from graft-versus-host-disease (GVHD) are the most common causes of death [95]. Yet, while there is minimal consensus on con-
ditioning regimen, though RIC is favoured, the use of TSEBT as a debulking agent prior to conditioning may decreased rates of
cutaneous GVHD [99,100]. Relapse rates have been shown to be independently affected by disease status prior to SCT [93,97,101].
Thus, attainment of CR or, at the very least, good PR is preferable prior to SCT, as GVL effect renders complete T cell depletion
unnecessary [95]. Additionally, the optimal timing of transplant has not been completely outlined; though early consultation in
transplant eligible patients is important as a prolonged time interval between diagnosis and transplant negatively influences out-
comes [93,102].

While allogeneic SCT is an appropriate therapeutic option for refractory or relapsed MF/SS, as it induces durable responses with
acceptable side-effects, the performance of genetically randomized control trials would be of benefit to properly assess the role of
allogeneic SCT in the treatment of advanced CTCL [103].

Investigational therapies

Immune checkpoint inhibitors
Immune checkpoints modulate and quell the immune response in order to maintain self-tolerance and mitigate excessive tissue

damage. Exploitation of these inhibitory immune checkpoints by tumour cells, via upregulation of immune checkpoints within the
tumour microenvironment, provides a means for immune escape. Suppression of the antitumor response contributes to the persis-
tence and progression of cancer. Thus, these immune checkpoints provide optimal therapeutic targets [104–106].

Durvalumab. Durvalumab is an inhibitor of the PD-1/PD-L1 immune checkpoint. It binds PD-L1, preventing transmission of an
inhibitory signal to tumour-infiltrating immune cells. This antagonism allows for the reactivation of CD8+ T cells from an exhausted
state [107,108]. Notably, it also results in enhanced macrophage-mediated phagocytosis, as tumour associated macrophages in CTCL
have been demonstrated to express PD-1 [17]. As with TTI-621, macrophage function is further augmented via ADCP [108].
Numerous trials with PD-1 and PD-L1 inhibitors have demonstrated increased antitumor activity in a variety of malignancies, but
with fewer AEs noted with PD-L1 inhibitors [109]. Preliminary data from a phase I trial of durvalumab (1500mg every four weeks)
Vin patients with advanced CTCL have demonstrated significant clinical activity. Responses were durable and ongoing, and treatment
was well tolerated with a low toxicity profile. Clinical response correlated with detectable levels of PD-L1 and nanoscale clusters of
PD-1 in T cells [110].

TTI-621 (SIRPαFc). TTI-621 (SIRPαFc) is a novel immune checkpoint inhibitor that targets CD47, a ubiquitous antiphagocytic
receptor, known commonly as the “do not eat” signal. It is a fully human recombinant fusion protein that consists of a SIRPα domain
linked to an IgG1 Fc region, with the former engaging CD47 as a decoy receptor and the latter engaging the Fcγ receptor on
macrophages. In effect, not only does TTI-621 prevent suppression of macrophage-mediated phagocytosis, it actually enhances
macrophage function via antibody-dependent cellular phagocytosis (ADCP). The adaptive immune response is also augmented via
increased tumour antigen presentation, promoting a tumour-specific CD8+ T-cell response [108,111,112].

CD47 has been found to be upregulated on tumour cells in a multitude of malignancies, in an attempt to evade antitumor
immunity. This increased expression of CD47 has been associated with worse prognosis in nearly all hematologic and solid tumour
cancers [113,114]. Previous studies using TTI-621 have demonstrated a positive response to treatment, with increased anti-tumour
activity across a broad range of cancers [112,115]. Preliminary data from a phase I trial of TTI-621, administered intralesionally, in
patients with relapsed or refractory MF and SS demonstrate a reduction in disease burden across all patients, with one achieving CR,
suggesting that CTCL is highly responsive to treatment [116].

Anti-KIR3DL2 (IPH4102)
Killer cell Ig-like receptor 3DL2 (KIR3DL2) is a transmembrane glycoprotein that belongs to the KIR family and is expressed on

subsets of normal NK, CD4+, and CD8+ T cells. Studies have demonstrated expression of KIR3DL2 in all types of CTCL, and most
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notably, in all stages of MF/SS, but with SS and transformed MF having the highest prevalence of expression. IPH4102 is a first-in-
class anti-KIR3DL2 mAb that selectively depletes KIR3DL2-expressing cells via ADCC and ADCP, and demonstrated potent efficacy in
preclinical models [42].

A recent multicentre, phase I trial evaluated IPH4102 in refractory CTCL patients that have failed at least two prior systemic
therapies. IPH4102 was administered every week for four weeks, then every two weeks for 10 weeks, and then every four weeks until
disease progression or toxicity. Results from a SS cohort of 35 patients are encouraging, demonstrating an ORR of 42.9% with two
and 13 patients achieving CR and PR, respectively, and a median TTR of 4.8 months. Interestingly, those previously treated with
Mogamulizumab had superior DOR and PFS. Marked improvement in pruritus, and overall quality of life, was demonstrated in
patients that either responded to treatment or had stable disease. Most common AEs were asthenia (26%), peripheral oedema (26%),
and fatigue (23%), which were grade I and II. Levels of KIR3DL2-expressing cells in the skin during treatment were predictive of best
global response [117].

Antagomir-155 (MRG-106)
Antagomir-155 (MRG-106) is an oligonucleotide inhibitor of miR-155, an oncogenic miRNA overexpressed in CTCL. The efficacy

of intralesional (IL), SQ, and IV administered antagomir-155 in patients with early and advanced MF is currently being evaluated in a
national, dose-escalating, phase I/II clinical trial. Preliminary results revealed that 23 (95.8%) of 24 patients have shown im-
provement in either individually treated lesions (IL cohort) or total skin disease (SQ/IV cohorts) as measured by maximal change in
CAILS or mSWAT. In the SQ/IV cohorts, nine (50.0%) of 18 patients reached a PR. In nine patients who received> 1 cycle of
treatment, seven (77.8%) reached a PR, suggesting that longer duration of treatment may provide greater benefit. The drug was well
tolerated with most AEs of grade I and II. A maximum tolerated dose has not been reached [118].

Supportive care

Patients with E-MF and SS are disabled by severe pruritus. Numerous medications, either alone or in combination, are used for
symptom control, including antihistamines, gabapentin, pregabalin, aprepitant, and naloxone. Low-dose prednisone can be given for
short-term symptom relief in cases of severe pruritus, but the course should be limited to avoid side effects of long-term steroid use.
Regular bleach baths, according to guidelines by the Journal of the American Academy of Dermatology, are recommended to
minimize bacterial colonization such as with S. aureus, which is known to drive clonal expansion of neoplastic T cells in the skin and
increase the risk of secondary infections. Mild skin care using unscented, mild soaps and emollients is mandatory to improve pruritus,
dryness, and scaling, and to keep skin barrier function intact.

Summary

MF is typically an indolent form of CTCL; however, SS and the erythrodermic type of MF represent aggressive variants. E-MF and
SS commonly present a challenge for clinicians, both in terms of diagnosis and treatment. Clinicopathologic findings are often subtle
and may mimic benign dermatoses. Thus, immunohistochemistry, molecular analysis, and blood flow cytometry are essential for
accurate diagnosis. While the features of E-MF and SS are similar, with a hallmark of erythroderma, and varying numbers of Sézary
cells in the blood, these rare forms of leukemic CTCL are considered two separate entities, arising from distinct cell populations.
Distinguishing between E-MF and SS relies on determining the degree of blood involvement, based on the expanded criteria for B
classification from the ISCL-EORTC. E-MF is defined by a low tumour burden (B0 and B1), whereas SS is defined by a high tumour
burden (B2) with clonal rearrangement of TCR in the blood that is relevant to the clone in the skin. Recent studies have shown that
PD-1 and KIR3DL2 have increased expression in advanced stages of MF/SS and may have a role as not only a diagnostic marker, but a
means of monitoring treatment response. While microbiologic, viral, and environmental factors have been posited as causitive agents
for the development of CTCL, no definitive cause is known. Recent genomic analyses in CTCL cell lines have revealed chromosomal,
genetic, and epigenetic aberrations that may influence lymphomagenesis and disease progression. Treatment for E-MF and SS is
guided by extent of disease, patients’ ages and comorbidities, and side effect profile, as quality of life is an important aspect to balance
with management of disease. Standard treatment options include biologic therapies, epigenetic modifiers, and monoclonal anti-
bodies, with some demonstrating increased efficacy in combination. Investigational therapies have demonstrated promising results in
early clinical trials. Proper skin care is also an essential component of disease managment.

Practice points

• E-CTCL encompasses E-MF and SS, leukaemic variants of CTCL that are distinguished by degree of blood involvement.

• E-MF and SS have overlapping clinical features, but are two distinct entities that arise from different memory T cell subsets.

• Immunohistochemistry, molecular analysis, and blood flow cytometry are essential for accurate diagnosis, as clinicopathologic
findings may be subtle.

• PD-1 and KIR3DL2 have demonstrated differential expression with stage of MF/SS and, in addition to being a therapeutic target,
may represent a diagnostic marker and means of tracking therapeutic efficacy.

• ECP and IFN-α, alone and in combination with PUVA, have demonstrated excellent response rates with great tolerability.

• IFN-α has many advantages including self-administration and low risk of toxicity, additional malignancy, or secondary disorder
with long-term use.
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• Romidepsin has exhibited favourable response rates with good duration of response.

• Alemtuzumab and mogamulizumab both exhibit good efficacy in the treatment of E-MF/SS with comparable PFS; but alemtu-
zumab has a higher response rate, while mogamulizumab has demonstrated an impressive duration of response in the blood.

• Allogeneic stem cell transplantation is currently the only potentially curative treatment option.

• Investigational therapies, including durvalumab, TTI-621, anti-KIR3DL2, and antagomir-155, have shown favourable outcomes in
preliminary studies, and should be considered for any patient with relapsing or refractory disease.

• Management of symptoms, such as pruritus, is an essential component to treatment; as is proper skin care as bacterial colonization
can be an instigator of disease flare.
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