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Review

Insights Into the Molecular and Cellular 
Underpinnings of Cutaneous T Cell Lymphoma
Sara Yumeen and Michael Girardi*

Department of Dermatology, Yale School of Medicine, New Haven, CT

Cutaneous T cell lymphoma (CTCL) is a rare malignancy of skin-homing T lymphocytes. Advances in 
whole exome sequencing have identified a vast number of both single nucleotide variants (SNVs) and 
genomic copy number alterations (GCNAs) as driver mutations present in CTCL cells. These alterations 
cluster within several key pathways – T cell/NF-κB/JAK-STAT activation, cell cycle dysregulation/
apoptosis, and DNA structural dysregulation affecting gene expression – allowing the maintenance of a 
population of proliferating, activated malignant T lymphocytes. While much of the clinical spectrum, genetic 
alterations, and oncogenic behavior of CTCL have been elucidated, little is known about the etiology that 
underlies CTCL malignant transformation and progression. Herein, we review the epidemiology, clinical 
presentation, and pathophysiology of CTCL to provide a perspective on CTCL pathogenesis. We outline 
a series of alterations by which mature, activated T lymphocytes are endowed with apoptosis resistance 
and cutaneous persistence. Subsequent genomic alterations including the loss of chromosomal structural 
controls further promote proliferation and constitutive T cell activation. CTCL cells are both malignant 
cells and highly functional T cells that can have major cutaneous and immunologic effects on the patient, 
including the suppression of cell-mediated immunity that facilitates malignant cell expansion. A deeper 
understanding of the molecular and cellular underpinnings of CTCL can help guide clinical management 
as well as inform prognosis and therapeutic discovery.
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INTRODUCTION

Primary cutaneous lymphomas are extra-nodal 
non-Hodgkin lymphomas that are largely confined to the 
skin at presentation [1]. Approximately 75% of cutaneous 
lymphomas are T cell derived, of which about two-thirds 
are cutaneous T cell lymphoma (CTCL) [1]. The group-
ing of CTCL describes a variety of T cell malignancies in 

the skin. Of these, the most common types are mycosis 
fungoides (MF) and Sézary syndrome (SS), with MF 
comprising around 50% of all cutaneous lymphomas. 
The non-MF/SS collective entity of CD30+ T cell lymph-
oproliferative disorders includes cutaneous anaplastic 
large cell lymphoma and lymphomatoid papulosis that 
comprises the second most common type of cutaneous 
lymphomas at ~25% of cases.
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Our perspective herein focuses on CTCL that pres-
ents along the clinical spectrum of MF/SS. Recent work 
has brought to light the clinical presentation, malignant 
behavior, genomic landscape, and novel therapeutics for 
treatment of CTCL. We provide a perspective on a se-
ries of alterations (Figure 1) wherein mature, activated 
T lymphocytes are initially met with mutagenic insults 
in the skin, endowing the affected cells with apoptosis 
resistance and cutaneous persistence, and allowing for 
further genetic alteration. Such mutagenic insults in the 
context of an aging immune system undergoing immune 
senescence results in accumulation of genetic alterations. 
Subsequent loss of chromosomal structure controls, in-
cluding telomere shortening, drives somatic recombina-
tion events that allow selection of gene copy number al-
terations (GCNAs) and single nucleotide variants (SNVs) 
that further promote proliferation and constitutive T cell 
activation. The persistent T cell clone may preferentially 
populate within skin, blood, and lymph nodes, largely 
driven by the T differentiation status and surface homing 
profiles. Malignant CTCL cells remain in a highly acti-
vated state and produce cytokines predominantly of Treg 
and Th2 profiles, suppressing systemic immune response 
and further reducing anti-tumor immunity. Herein we 
consider recent advances in understanding of CTCL ep-
idemiology, clinical presentation, pathophysiology, and 
response to treatment that provide insight to the etiology 
driving CTCL malignant cell behavior.

EPIDEMIOLOGY

While CTCL remains a rare disease, there has been 
a consistently observed trend of increasing incidence of 
CTCL since the 1970s [2]. There was an annual overall 
incidence in the United States of 6.4 cases per million 
persons as reported by the Surveillance, Epidemiology 
and End Results (SEER) registry data from 1973-2002 
and 7.7 per million persons in 2001-2005 [3,4]. CTCL 
is primarily a disease seen in older individuals with a 
median age of diagnosis at 50 and increasing incidence 
in patients over the age of 70 in the US [5,6]. A similar 
increasing incidence and median age of occurrence is 
seen worldwide (Canada, Kuwait, Iran) [7-9]. CTCL has 
a higher incidence in individuals of African-American 
race, and greater preponderance for males [2]. Overall 
CTCL survival was 78.3% from 1997-2005 in the US, 
with a trend of increasing 5-year survival rates from 1973 
to 2004 [2].

Environmental factors and geographic distributions 
associated with occurrence of CTCL have been consid-
ered in several studies. In Canada, higher rates of occur-
rence of CTCL have been reported in areas with greater 
industrial exposure [7,10]. Such geographical clustering 
of patients with CTCL have also been observed in Texas 

Figure 1. Alterations in the development of malig-
nant CTCL cells of mycosis fungoides and Sézary 
syndrome. Activated skin-homing T cells in the skin are 
met with mutagenic insults, and along with changes in 
the aging immune system, result in T cell apoptosis resis-
tance and cutaneous persistence. Subsequent genomic 
alterations including the loss of chromosomal structure 
controls further promote proliferation and selection of 
genomic copy number alterations (GCNAs) and single 
nucleotide variants (SNVs) that promote malignant CTCL 
behavior. (figure created with biorender.com)



Yumeen and Girardi: Insights into the underpinnings of CTCL 113

and in Pittsburgh, Pennsylvania [11,12]. While these geo-
graphic distribution patterns suggest a role for common 
chemical/industrial exposures, no specific inciting agents 
have ever been identified.

PATHOPHYSIOLOGY

T Cell Activation and Proliferation
Malignant T lymphocytes of CTCL are characterized 

by a state of constitutive activation and clonal expansion. 
Furthermore, the malignant cells display resistance to 
apoptosis, including FAS-mediated, TNF-related-apopto-
sis-inducing ligand (TRAIL)-mediated, and that induced 
by the TGFβ pathway. In SS, malignant cells can increase 
in number to comprise the overwhelming majority of the 
peripheral blood lymphocytes. There is a resultant de-
crease in the patients’ population of healthy lymphocytes 
including CD4+ and CD8+ T cells, as well as NK cells 
[13]. The malignant CTCL cells often exhibit a Th2 cyto-
kine profile, producing IL-4, IL-5, and/or IL-13 [14]. Pro-
duction of IL-4 and IL-13 inhibits T cell differentiation 
into Th1 subtype and thereby inhibits Th1-type immunity 
[15]. CTCLs cells can also be found to produce IL-10 and 
TGFβ, T regulatory (Treg) cytokines known to inhibit 
host cell-mediated immunity [14,16]. The Th2 and Treg 
profiles of CTCL cells, in conjunction with the decrease 
in the pool of the host’s healthy lymphocytes, contributes 
to a state of immune suppression that is associated with 
an increase in the frequency of infections and secondary 
malignancies, which can be fatal for patients with CTCL. 
The production of IL-5 also induces activation of tissue 
and/or peripheral blood eosinophils. Along with aberrant 
production of IL-31, these cytokines dispose patients to 
development of debilitating dermatitis and pruritis which 
may have a substantial impact on patients’ quality of life 
[17-19]. The inflammatory environment created by these 
cytokines may also further the activated state of malig-
nant cells and suppress anti-tumor immunity, thereby 
promoting disease progression.

Skin Homing and Role of the Skin Microenviron-
ment in Pathogenesis

In healthy T lymphocytes, expression of the marker 
cutaneous-lymphocyte-antigen (CLA) is associated with 
a skin-homing profile [20]. Such skin-homing T cells 
typically make up about 30% of the peripheral pool of 
circulating lymphocytes [20]. These cells also typically 
display chemokine receptors CCR4 and CCR10. Chemo-
kines CCL17, CCL22, and CCL27, released from kera-
tinocytes and vascular endothelium, are involved with 
migration of T cells from peripheral blood to the skin 
[20]. Such skin-homing occurs not only in response to 
inflammation or injury in the skin but is a constitutive be-

havior in these cells in homeostatic immune surveillance 
of the skin.

Malignant T cells are CLA+ and express CCR4, 
emphasizing their likely origin as skin homing/skin resi-
dent T cells [21]. The skin lesions of MF have also been 
shown to contain high levels of chemokines that attract 
these cells to the skin, including CCL17 and 22 [21,22]. 
This suggests a role for the skin milieu in attracting and 
maintaining a population of malignant skin-homing T 
cells within lesions of MF. These data further suggest that 
the origin cells of CTCL may be such skin-homing T cells 
rather than cells from the peripheral compartment.

Aging Immune System and T Cell Repertoire
Peripheral blood T lymphocytes have a diverse T 

cell receptor (TCR) repertoire in healthy individuals. 
TCR diversity and the resulting ability to recognize and 
respond to a diverse array of antigens is essential for 
healthy immune system function. As an individual ages, 
there is a loss of diversity of the TCR repertoire [23]. This 
occurs in part due to involution of the thymic gland at 
puberty, and further due to progressively reduced pro-
liferation of naïve T cells, and increased proliferation of 
memory T cell clonal populations [24-26]. Further, the 
aging immune system, especially the adaptive immune 
response, undergoes immuno-senescence. Formation of 
senescent T cells may occur as a result of chronic anti-
genic stimulation or an inflammatory microenvironment 
[27]. Senescent cells have reduced replicative potential 
and are resistant to apoptosis [27]. They do not respond 
to antigenic stimulation but may nonetheless be metabol-
ically highly active and produce abundant cytokines [27].

Patients with CTCL with peripheral blood involve-
ment have a reduced TCR repertoire diversity in com-
parison to healthy individuals [28]. The malignant CTCL 
cell population in the peripheral blood can have clonal 
rearrangements of their TCRs. The reduction in TCR 
diversity in patients with SS is greater than expected 
solely due to presence of a population with clonal TCR 
rearrangement, suggesting that malignant cells may play 
a role in modulating overall immune function and TCR 
diversity. Additionally, malignant CTCL cells most often 
have a memory T cell phenotype. As CTCL is a disease 
most often occurring in older individuals, it is possible 
that physiologic changes in the immune system that occur 
in healthy individuals with age may become aberrant in 
CTCL cells. This may result in development of malig-
nant CTCL cells that produce abundant cytokines and 
are resistant to apoptosis like senescent cells, but unlike 
their healthy counterparts, also have increased replicative 
potential and accumulation of progressive mutations, al-
lowing their malignant transformation and behavior.
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2A-D.
On histology, MF skin lesions contain a population 

of enlarged T lymphocytes with nuclear atypia admixed 
with other inflammatory/reactive leukocytes, although 
sometimes the clonal T cells are histologically normal. 
CTCL nuclei can be convoluted and have a cerebriform 
appearance, possibly a result of recurrent nuclear pro-
liferation without cytoplasmic division. The malignant 
cells most commonly display epidermotropism and are 
typically present throughout the epidermis and superficial 
dermis. They often form a band-like distribution at the 
dermo-epidermal junction. In the epidermis, the malig-
nant T lymphocytes may cluster around Langerhans cells 
(LC) and form characteristic Pautrier’s microabcesses 
[13]. Clustering of malignant cells around antigen pre-
senting LC suggests that chronic antigenic stimulation 
(either self- or non-self) may play a role in oncogenic 
transformation or maintenance of skin resident malignant 
CTCL cells. In vitro, antigen presenting dendritic cells 
can support cultures of Sézary cells, and can induce 
the production of Treg cytokines, further supporting a 

CLINICAL PRESENTATION

Patients with MF develop predominant skin lesions 
with diverse manifestations, including well-demarcated 
patches, papules, plaques, or tumors comprised of malig-
nant, but also non-malignant, lymphocytes. While lesions 
may present on any area of the body, they occur most 
commonly in an asymmetric distribution in sun-protected 
areas including the buttocks, medial thighs, and breasts. 
The lesions have variable morphology and are often 
eczematous or psoriatic in nature. They may evolve to 
become thickened, coalesce into larger plaques, or par-
tially involute to leave residual annular plaques [29]. 
There may also be areas of variable hypo- or hyper-pig-
mentation, focal or diffuse hair-loss, follicular papules, 
atrophy, and/or petechiae or pigmented purpura [29]. In 
approximately 10% of cases of MF, plaques develop into 
nodules or tumors. The indolent course and lesions’ mor-
phologic similarity to other inflammatory conditions can 
at times delay definitive diagnosis and treatment. Several 
representative clinical images of MF are shown in Figure 

Figure 2. Cutaneous manifestations of mycosis fungoides (MF) and Sézary syndrome (SS). (A) Asymmetric 
patches and plaques in classic MF. (B) Hypopigmented, (C) follicular, and (D) ulcerated plaque lesions in MF. (E-F) 
Erythroderma of SS.
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regulation, cell cycle regulation, and T cell activation. 
The presence of UV mutational signatures is suggestive 
not only of a role for UV in the development of CTCL, 
but also points to skin-homing T cells as the most likely 
cell of origin that undergoes malignant transformation.

Chromosomal and DNA Structural Dysregulation
Several chromosomal alterations have been frequent-

ly identified in malignant CTCL populations, including 
deletion of chromosomal arms 10q and 17p, and amplifi-
cation of 8q and 17q [37-39]. It has been postulated that 
complex structural chromosomal rearrangement events 
may underlie the occurrence of deletions, including chro-
mosomal translocations with loss of intervening genomic 
DNA, intrachromosomal deletions, and chromosomal 
inversions [40]. Recombinase activating gene (RAG) 
proteins mediate V(D)J recombination in healthy lym-
phocytes undergoing T cell differentiation. RAG proteins 
initiate recombination events by DNA cleavage at con-
served sequence heptamers. These heptamers have been 
found flanking genes that are recurrently translocated in 
CTCL, suggesting a role for aberrant RAG protein activ-
ity in development of some of the characteristic CTCL 
chromosomal rearrangements [40]. However, RAG pro-
tein expression is yet to be confirmed in CTCL or CTCL 
precursor states. The prevalence and diagnostic value of 
GCNAs in CTCL is underscored by the fluorescence in 
situ hybridization (FISH) assay developed by Weed et al. 
[41] FISH probes were designed against 11 GCNAs that 
had been recurrently identified in up to 97.5% of patients 
with SS: TP53, MYC, RB1, CDKN2A, ATM, STAT3/5B, 
ARID1A, ZEB1, FAS, CARD11, and DNMT3A. By this 
FISH assay, 92% patients that met B2 blood involvement 
criteria by the ISCL had detectable GCNAs [41].

In addition to the large-scale chromosomal alterations 
that influence gene expression, there are also changes in 
transcriptional regulation at an epigenetic level. GNCAs 
in chromatin modifying genes ARID1A, CTCF, and DN-
MT3A have been described in CTCL [40]. Additionally, 
there has been the discovery of somatic mutations of 
genes involved with histone methylation, acetylation, 
and ubiquitination [42,43]. Through these alterations, 
aberrant transcriptional profiles of malignant CTCL cells 
further their inappropriate activation and proliferation. 
Altered transcriptional states, in combination with large 
scale chromosomal alterations, perpetuates the mutation-
al burden and altered activity of malignant CTCL cells.

Recent work has found the expression of meiosis 
genes to be expressed in CTCL cells, suggesting that the 
cells may undergo a process termed meiomitosis [44]. 
Genes involved with meiosis are typically only expressed 
during oocyte development or spermatogenesis. When 
re-expressed by malignant cells undergoing meiomitosis, 
there may be activation of meiotic machinery during mi-

pathogenic role for this interaction [30]. The malignant 
T lymphocytes most commonly have a CD4+ CD45RO+ 

memory phenotype; however, CD30+ and CD8+ subtypes 
have been described [5,6]. Immunophenotypic staining 
frequently shows decreased expression of pan-T cell 
markers including CD2, CD3, CD5, CD7, and/or CD26 
[31]. The cause of these aberrant immunophenotypes re-
mains unclear, and such loss of markers has also been ob-
served in other T cell lymphoproliferative disorders such 
as peripheral T cell lymphoma (PTCL) [32]. Nonetheless, 
such profiles have also been identified in benign lympho-
cyte clones in the peripheral blood, the significance of 
which is unknown [33].

Sézary syndrome (SS) represents a more aggressive 
and advanced form of disease in which there is more dif-
fuse involvement of the skin, typically as an erythroderma 
(Figure 2E-F), as well as a clonal proliferation of CTCL 
cells in the lymph nodes, peripheral blood, and even vis-
cera [34]. The International Society for Cutaneous Lym-
phomas (ISCL) outlines criteria for the identification of 
SS by presence of one or more of the following: Sézary 
cell population in the blood of count at least 1000 per 
cubic millimeter, a ratio of CD4:CD8 cells in the blood 
greater than 10 caused by an increased population of cir-
culating T cells with abnormal expression of pan T cell 
markers as assessed by flow cytometry, increased lym-
phocyte count with evidence of clonal T cell population 
in the blood by southern blot or polymerase chain reaction 
(PCR), or a chromosomally abnormal T cell clone [4]. In 
cases termed “classic SS,” clinical features may develop 
rapidly de novo, while in other cases SS may be preceded 
by a prodrome of pruritus or nonspecific dermatitis. In 
rare cases, termed “SS preceded by MF,” SS develops in 
patients initially diagnosed with MF [4]. MF/SS CTCL 
presentation is classified by tumor (T), node (N), viscera 
(M), and blood (B) staging system [35]. Early-stage dis-
ease, stage IA-IIA, is associated with better prognosis 
and survival often greater than 10 years, while advanced 
stage disease (stage IIB – IVB) has median survival times 
of 35-56 months [35,36].

GENOMIC LANDSCAPE

Whole genome and exome sequencing efforts have 
demonstrated a predominance of gene copy number alter-
ations (GCNAs) in CTCL. This is in contrast to the single 
nucleotide variants (SNVs) found relatively more fre-
quently in the majority of other cancers. These alterations 
influence key signaling and gene expression pathways 
that contribute to the development of a proliferating pool 
of malignant cells in which there is further selection of 
GCNAs/SNVs that promote malignant cell survival and 
evasion of apoptosis. Alterations occur most commonly 
in the pathways of chromosomal and gene expression 
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ylation, and eventually activation of nuclear factor-kap-
pa B (NF-κB), the major transcription factor central to 
signaling in TCR pathway activated T lymphocytes for 
cytokine production, proliferation, and generation of an 
immune response [52]. Both the TCR pathway and the 
NF-κB pathway have been found to be canonically ac-
tivated among malignant CTCL cells and amplification/
activation mutations in CTCL have been identified in 
the genes stimulating this pathway [53]. Members of 
the TCR pathway have been found to have GCNAs in 
CTCL cells, including TCR-associated signaling pro-
teins (PLCG1, PRKCQ, TNFAIP3), transcription factors 
(NFKB2, STAT3, STAT5B, ZEB1), and the co-stimulatory 
molecule CD28 [40]. CARD11, which promotes TCR 
mediated T cell activation and activates NF-κB, was 
found in one study to be readily amplified in CTCL cell 
exomes [54]. Tumor necrosis factor 2 (TNFR2) activates 
NF-κB signaling, and TNFR2 mutations and copy num-
ber alterations were also found in 18% of samples from 
patients with MF or SS [55]. Additionally, genes driving 
Th2 differentiation, including ZEB1, have been implicat-
ed in CTCL pathogenesis and suggest a mechanism for 
escape from TGFβ mediated inhibition of proliferation 
[56]. ZEB1 inhibits IL-2 cytokine transcription, and its 
mutation may contribute to the increased IL-2 production 
and subsequent proliferation characteristic of malignant 
CTCL cells [56].

The Janus kinase-signal transducer and activator 
of transcription (JAK-STAT) pathway is involved with 
cytokine signaling and proliferation of healthy T lympho-
cytes. It is in particular important for the differentiation 
of T helper cell subsets. The JAK-STAT pathway has 
been reported to be deregulated in CTCL. Constitutive 
phosphorylation as well as GCNAs of JAK2, STAT3, and 
STAT5B have been reported [40,57-59]. Activating mu-
tations in both JAK1 and JAK3 have also been described 
[37,40]. Alteration of the JAK-STAT pathway in malig-
nant CTCL cells may play a role in maintenance of an 
activated, proliferating pool, and may also play a role in 
their differentiation into Th2 or Treg subtypes.

UV Mutational Signature
The role of UV exposure in the etiology CTCL is 

unknown. On the one hand, skin lesions of MF have a 
propensity for sun protected “bathing suit” areas, and 
high-UV exposure has been associated with a reduced 
risk for developing MF [60]. Furthermore, psoralen 
with UVA exposure (PUVA) and narrow band UVB are 
well-documented effective treatments for skin lesions of 
MF, and UV therapy has been shown to induce apoptosis 
of skin resident lymphocytes, reduce the production of 
Th2 cytokines, and even reduces number of circulating 
CD4+ lymphocytes. However, CTCL mutational signa-
tures mimic those found within UV-induced cancers such 

totic replication, which may further genomic instability 
[44].

Another commonly altered gene includes protection 
protein of telomeres 1 (POT1), found to be mutated in 6% 
of CTCL cases from compiled genomic data of seven se-
quencing studies [45]. POT1, as a member of the sheltrin 
complex, functions to protect the ends of telomeres and 
promote normal telomere function [46]. Memory T cells 
have shorter telomeres than naïve counterparts, suggesting 
that malignant CTCL cells may have shortened telomeres 
due to their memory phenotype [47]. Mutation of POT1 
and subsequent progressive telomere shortening leads to 
increased chromosomal fragility, telomere dysfunction, 
and eventual chromosomal end-to-end joining [48]. This 
leads to the formation of dicentric chromosomes and 
breakage-fusion-breakage cycles, leading to large scale 
chromosomal rearrangement [48]. If this occurs in com-
bination with activation of telomerase or activation of 
the alternative lengthening of telomeres (ALT) pathway, 
malignant cells gain the ability to proliferate indefinitely 
[46]. Thus, complex chromosomal rearrangements and 
instability along with alteration of the epigenetic profile 
in malignant CTCL cells lead to a clonal population of 
cells with limitless replicative potential and a highly un-
stable genome prone to frequent mutation.

Cell Cycle Dysregulation
There is a breadth of data highlighting the deletion 

or inactivation of tumor suppressor genes TP53, RB1, 
PTEN, CDKN1, and CDKN2A in CTCL, as well as am-
plification of oncogene MYC [40,42]. In particular, TP53, 
located on chromosome 17p, has been found to be one 
of the most frequently mutated genes in CTCL [45]. p53 
is a major cell cycle regulator, halting proliferation in 
response to accumulation of DNA damage. Alteration of 
p53 alone has not been found to be sufficient to initiate 
oncogenic progression of CTCL cells and is not associ-
ated with disease prognosis in SS, although it associated 
with poor survival amongst patients with advanced MF 
[45,49,50]. Among the most commonly altered genes in 
CTCL is oncogene MYC, located on 8q and found to be 
amplified in 42.5% of leukemic CTCL [40]. Thus, mu-
tations in key tumor suppressor and oncogenes in the 
CTCL genome result in increased replication and evasion 
of apoptosis in cells that have high mutational burden and 
aberrant behavior.

Aberrant T Cell Activation Pathways
In normal T lymphocytes, activation of the T cell 

receptor (TCR) in response to antigen presentation and 
co-stimulation leads to a cascade of intracellular signaling 
that culminates in clonal T cell proliferation [51]. TCR 
signaling triggers JAK-STAT activation, AKT phosphor-
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Inhibition of JAK signaling has been investigated in 
CTCL cell lines and shown to inhibit proliferation and in-
duce apoptosis in vitro [63]. Our group has described the 
use of BCL-2 inhibitor venetoclax and HDAC inhibitors 
romidepsin and vorinostat alone and in combination to 
effectively induced apoptosis of purified patient derived 
malignant CTCL cells in vitro [64]. In our further studies 
we have shown that BET inhibition alone and in combi-
nation with BCL2 or HDAC inhibition was also effective 
in inducing apoptosis of CTCL cells [65]. Combination 
BET and HDAC inhibition reduced expression of MYC 
in treated CTCL cells in vitro [65]. In both studies, the use 
of combination therapy had synergistic effects in induc-
ing malignant cell death in comparison to monotherapy 
[64-66]. Such synergistic combinations can allow for use 
of reduced doses of each drug when used in combination, 
resulting in decreased toxicity. Additionally, targeting 
multiple points along the same pathway or targeting 
many pathways at once can reduce development of re-
sistance. With the discovery of changes at the molecular 
level that are common to many patients with CTCL, there 
is immense potential for the development of new targeted 
therapies and combinatorial regimens that could aim to 
achieve definitive treatment for these patients.

CONCLUSIONS AND OUTLOOK

Conclusion: Etiology and Stepwise Progression of 
CTCL

Herein, we propose a series of alterations where in 
mature skin-homing T cells are activated and are subse-
quently met with mutagenic insults in the skin, endowing 
the affected cells with apoptosis resistance, cutaneous 
persistence, and further genetic alteration. Initially, T cell 
activation may occur secondary to antigen exposure or 
on a background of chronic inflammation. There have 
been reported cases of CTCL arising on a background 
of chronic inflammatory dermatosis, suggesting that 
the chronic T cell activation in an inflammatory micro-
environment may promote their persistence [67]. An-
tigenic stimulation with skin-resident pathogens, such 
as Staphylococcus aureus, has been shown to worsen 
erythroderma associated with disease activity [68]. 
CTCL patients are frequently colonized with S. aureus 
and antibiotic treatment has been shown to reduce skin 
disease burden in patients with advanced CTCL [68,69]. 
Additionally, antibiotic treatment was shown to reduce 
STAT3 signaling in malignant cells [70,71]. In a mouse 
model of CTCL, TCR signaling was shown to promote 
development of CTCL and microbial triggers were found 
to be essential to disease progression [72]. It is possible 
that in susceptible individuals, colonization with patho-
gens including S. aureus worsens inflammatory response 
contributing to development and progression of disease. 

as melanoma and basal cell carcinoma [54]. There is a 
high frequency of C>T transitions and single and dinucle-
otide variants, consistent with UVB mutagenesis. While 
it was hypothesized that this may occur secondary to the 
ultraviolet light used in treatment of skin lesions, Choi et 
al. [40] and Wang et al. [54] found that there was no cor-
relation between presence of a UVB mutational signature 
and prior therapeutic exposure to UV. UV exposure and 
subsequent mutagenesis may nonetheless be among the 
initial insults causing mutations in malignant CTCL cells, 
but it is alternatively possible that the UV mutational sig-
nature occurs because the primary T cells that undergo 
oncogenic transformation are skin-resident T cells and 
are exposed to UV radiation due to their location.

MANAGEMENT

Available Treatment Modalities
Despite recent advances in the understanding of mo-

lecular and genomic alterations present in the malignant 
T lymphocytes of CTCL, it largely remains a disease with 
no definitive cure in later stages. The main modalities of 
skin-directed therapy include electron beam therapy, ul-
traviolet light therapy, and topical chemotherapy includ-
ing bexarotene, carmustine, or nitrogen mustard, as well 
as immunomodulatory agents such as topical steroids and 
imiquimod [31]. These therapies promote apoptosis of 
malignant cells in the skin by inducing irreparable DNA 
damage as well as a DNA damage response [61]. They 
also alter the cytokine and chemokine microenvironment 
of the skin [61]. FDA-approved systemic therapies in-
clude acitretin and bexarotene (synthetic retinoids), in-
terferons alpha and gamma, methotrexate (dihydrofolate 
reductase inhibitor), pralatrexate (antimetabolite folate 
analog), denileukin difitox (recombinant IL-2 and diph-
theria toxin), and HDAC inhibitors romidepsin and vori-
nostat. FDA-approved humanized monoclonal antibodies 
include toxin-conjugated brentuximab (anti-CD30) and 
mogamulizumab (anti-CCR4).

Novel Therapeutics
With increasing understanding of the molecular 

mechanisms that drive proliferation and survival of ma-
lignant CTCL cells, there has also been investigation into 
novel targeted therapies. Recent studies have investigat-
ed drugs targeting key proteins in aberrant and highly 
activated pathways in malignant CTCL cells. Therapies 
currently under investigation include cobomarsen (MRG-
106; an oligoneuclotide inhibitor of miR-155), lenalid-
omide (4-amino-glutamyl analogue of thalidomide with 
immunomodulatory activity), AFM13 (recombinant an-
tibody against both human CD30 and CD16A), and JAK 
inhibitors [62].
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tinued elucidation of the mechanism underlying CTCL 
malignant transformation, particularly with increased 
understanding of CTCL chromosomal instability and epi-
genetic changes, there remains an untapped potential for 
novel therapies that could lead to long-term and complete 
control of disease. The potential of combination therapy 
is particularly promising. Combining targeted therapies 
that inhibit specifically altered pathways in CTCL could 
induce synergistic kill of malignant lymphocytes while 
reducing systemic toxicity and development of resis-
tance. Personalized medicine with therapies targeting 
alterations of malignant cells in individual patients with 
CTCL is one possible avenue for treatment; however, it 
is alternatively possible that the correct combination of 
therapies targeting the most commonly altered pathways 
may be effective more generally in inducing disease re-
mission for the majority of patients with CTCL.
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