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Primary cutaneous T-cell lymphomas (PCTCL) are the most common types of cutaneous
lymphomas, with Mycosis fungoides as the most frequent subtype. Besides early stages
which usually have a good prognosis, advanced stages remain a great therapeutic
challenge with low survival rates. To date, none of the currently available therapeutic
options have significantly improved the outcomes of advanced cutaneous lymphomas.
Recent studies have demonstrated that immune-checkpoint molecules, such as PD-1
and CTLA-4, play part in the proliferation pathways of neoplastic T-cells, as well as in other
tumors. Hence, the potential role of immune-checkpoint-inhibitors in treating cutaneous
lymphomas has been investigated in the last years. Herein, we outline the current
knowledge regarding the role of immune-checkpoint molecules in PCTCL, their
signaling pathways, microenvironment and therapeutic inhibition rationale. Moreover,
we review the published data on immunotherapies in PCTCL and summarize the
currently ongoing clinical trials in this field.

Keywords: Cutaneous T-cell lymphomas, immunotherapy, Mycosis fungoides, immune-checkpoint-inhibitors,
Sézary syndrome, nivolumab, pembrolizumab
INTRODUCTION

Primary cutaneous lymphomas (PCL) are a family of rare non-Hodgkin’s lymphomas (NHL)
characterized by monoclonal proliferation of malignant lymphocytes in the skin. Among them, 75%
are represented by Cutaneous T-cell lymphoma (CTCL), with Mycosis Fungoides (MF) as the most
common subtype, while 25% are Cutaneous B-Cell lymphoma (CBCL) (1). Rarer yet more
aggressive, defined by the triad of T-cell leukemic evolution, lymphadenopathy and
erythroderma, is the Sézary syndrome (SS) form, which can develop as a final manifestation of
MF or appear de novo (2). Recently it has been suggested that due to their different T-cell subsets
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origin SS andMFmay represent two distinct pathological entities
(3). In the recent years, there has been a growing interest in the
understanding of molecular and immunological mechanisms
that play a role in tumor development and progression: for
instance, it has been well documented that the host’s immune
system acts as an active player in modulating the defense
response against tumor progression (4). These findings have
led to an unprecedent development of new immune-based
therapies in the oncology field (5). To date, the world of
immuno-oncology, which comprehends all those treatments
aimed at manipulating the host’s immune system in order to
stop tumor proliferation, has achieved remarkable results in
several tumors, such as melanoma, lung, kidney, and bladder
cancer (6–9). Interestingly, recent studies on the pathogenesis of
CTCL have also identified potential immunological targets for
therapeutic approaches aimed at enhancing cell-mediated
immunity (10). In particular, the role of immune checkpoint
antibodies against PD1 (Programmed cell death protein 1) has
been subject of inquiry in the last few years, as it has been proved
that by targeting inhibitory PD-1 molecules expressed by
exhausted T cells, these drugs can revitalize antitumor T cells
and lead to impressive clinical responses (11, 12). In this review
of the literature, we outline the current evidence on the
interactions between CTCL and the immune system, review
the published data on immunotherapies for CTCL and
summarize the noteworthy ongoing clinical trials in this field.
PRIMARY CUTANEOUS T-CELL
LYMPHOMAS: AN OVERVIEW

The cluster of primary cutaneous T-cell lymphomas (PCTCL)
encompasses several lymphomatous entities with common
defining underlying features (13). Among them, MF is the most
common subtype, representing around 55% of the cases, with an
incidence rate of about 5.6 per million people and a stable trend in
the last two decades (14). Regardless of the traditionally described
histopathological variants (i.e., folliculotropic, pagetoid reticulosis,
granulomatous slack skin), the current 2007 staging system is based
on a tumor-node-metastasis-blood involvement (TNMB)
classification and correlates the clinical features with the
prognosis (15). Early stages (IA, IB, IIA), characterized by long-
standing erythematous scaly patches/plaques, typically located in
the bathing trunk areas, usually show an indolent course: even
thoughthe5-yeardisease free survival ishigh (i.e., varying from98%
to 89%), there is still considerable morbidity from pain, itching,
discomfort, and disfigurement (16–20). Moreover, according to an
Italian retrospective study on 1,422 MF patients, 29.7% of early-
stage disease develops a disease progression (18). Advanced stages
are conversely identifiedbyskin tumors (stage IIB)or erythroderma
(stage III), while blood (stage IVA1), nodal (stage IVA2) and
visceral involvement (stage IVB) define the most severe
extracutaneous forms (16, 19, 21). Regardless of the clinical onset,
MF patients can later develop systemic manifestations of SS (22).
The survival rates dramatically drop in the most advanced stages,
with5-yearOSrates falling from56%in IIB to18%in IVBstages (16).
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Along with the clinical features, other factors contribute to the
biological evolution of the disease: for example, age over 60, large-
cell transformation and increased LDHvalues have beendescribed as
independent unfavorable variables (23). Still today prompt diagnosis
remains a great challenge for clinicians, as almost 9 out of 10 cases
show a significant time delay between symptoms onset and
confirmed diagnosis (19).
CURRENT THERAPIES FOR CTCL

All the most recent published treatment guidelines agree on a
stage-driven strategy, in consideration of clinical presentation,
symptom burden and patient’s comorbidities. However, due to
the lack of strong evidence from clinical trials, there is currently
no unanimous agreement on the sequence by which treatments
should be administered: in fact, the choice of any specific therapy
should primarily take into account several factors such as disease
subtype, patient age/comorbidities, disease extension and
treatment availabilities (24). The main goal of therapy is to
improve the quality of life, by reducing symptoms, as durable
complete remission is rarely achieved (24). With the exception of
few selected stage IA patients, in which expectant policy and
watchful waiting may be considered, treatment is recommended
in all other cases. In early stages (IA, IB, IIA) first line options
include skin direct therapies (SDT) such as topical
corticosteroids, topical bexarotene, ultraviolet phototherapy,
radiation therapy and the recently EMA-approved topical
chlormethine (25). Those refractory to the first line may be
considered for systemic therapies, such as retinoids, Interferon
alpha, Total Skin Electron Beam therapy (TSEB) or low-dose
methotrexate, which conversely represent first-line treatments
for stage IIB MF (25, 26). Stage III patients may benefit from
extracorporeal phototherapy (ECP), whilst refractory and stage
IV patients have been traditionally treated with chemotherapy
regimens (gemcitabine, pegylated liposomal doxorubicine,
CHOP and CHOP-like polychemotherapy) (26). Patients with
advanced MF or SS still have an unmet clinical need of effective
treatments, due to low response rates, short-lived improvements,
concomitant immunosuppression, and often severe drug-related
side effects. Overall survival rates in SS are still low, varying from
7.5 to 22.4 months (27). Allogeneic stem cell transplantation
(alloSCT), particularly using reduced-intensity conditioning,
remains the only treatment option with curative intention for
few selected patients (28). Notably, new options have become
available in the last years. The anti-CD52 monoclonal antibody
Alemtuzumab has shown significant clinical activity in patients
with previously treated advanced MF/SS and constitutes a
second-line option for patients with advanced disease,
although with less efficacy in tumor-stage MF and large cell
transformation types (29, 30). The ALCANZA trial led to the
approval of the anti-CD30 monoclonal antibody Brentuximab
Vedotin in patients with CD30+ MF, showing an ORR lasting at
least 4 months of 56% compared to 13% in the control arm in
which MTX or bexarotene were administered (31). Moreover,
the MAVORIC trial compared the anti-CCR4 antibody
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Mogamulizumab with Vorinostat, showing a significantly higher
ORR in the former arm (28% vs 5%) and resulting in
mogamulizumab approval for patients with high Sezary cell
burden (32). Among histone deacetylase inhibitors, Vorinostat
and Romidopsin have been approved by FDA as second line
therapies for CTCL patients, whilst they are currently not
available in Europe (33, 34). To date, regardless of the
encouraging results of some trials on the aforementioned
drugs, there is still no curative therapy that has represented a
major breakthrough in the outcomes of CTCL. Ultimately, the
latest therapeutic frontier has been set in motion by new studies
regarding the potential role of immune-checkpoint-inhibitors in
CTCL. Fully understanding the tumor microenvironment and its
relationship with the host’s immune system is crucial to develop
new effective and highly specific immunotherapies.
THE ROLE OF TUMOR
MICROENVIRONMENT IN PRIMARY
CUTANEOUS LYMPHOMA

Since the introduction of so-called immunoediting theory an
increasing number of studies have focused on the interaction
between the malignancy and the microenvironment: non-
immune cells (such as antigen-presenting cells), cells exerting
immunosuppressive action or activated T-lymphocytes against
neoplastic cells (35). All the studies have highlighted such
interactions between the tumour and its microenvironment that
are fundamental for MF/SS progression. Globally, in the advanced
stages there is a switch from an anti-tumour (Th1) phenotype to a
tumorigenic (Th2) one. In the early 2000s it was hypothesised that
dendritic cells (DCs) may play an important role in CTCL
progression (36–42). Indeed, an accumulation of immature DCs
has been thought to be related to MF progression, owing to the
immune-suppressive actions that immature DCs may play on
activated T-cells, leading to anergy. Another debated category of
cells are immune-suppressive cells such as T-reg cells or myeloid
derived suppressor cells (MDSCs). In pioneering studies the former
has been proposed as the normal counterpart of MF cells, evidence
confuted later by the introduction of more specific
immunohistochemistry antibody (43–50). Today, the role of
Tregs seems to be related to a therapeutic response but it is still
far to be fully understood (51–53). Studies on MDSCs are few and
hypothesise a role inMFprogression aswell as the fact thatMDSCs
can be a marker of treatment response (42, 54, 55). Another
intriguing category of cells are tumour-infiltrating lymphocytes
(TILs). TILs try to control malignant T-lymphocytes and the main
problem is that currently no specific markers can be used to
distinguish benign from malignant T-cells. In advanced stages it
has been proposed that an accumulation of exhausted anti-tumour
cells may be one of the events leading to immune-suppression in
MF/SS (56). Furthermore, in contrast to the plasticity of malignant
T-cells that can express different phenotypes, TILs may have a
constrained one (57). Consequently, malignant T-cells may have
the ability to elude the control of the immune system. Eosinophils,
macrophages, and endothelial cells may play a role in MF/SS
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progression. In hematologic malignancies it has been proposed
that macrophages may recruit eosinophils via the production of
vascular endothelial growth factors (VEGFs) (58, 59). However, it’s
still unclear whether eosinophils may exert an anti-tumour or
tumorigenic role (60). Eosinophils within MF/SS infiltrate are
rare. Most of the studies on the role of eosinophils provide
contrasting results. Indeed, some groups have observed a
significantly higher number of eosinophils in the advanced stages,
while other studies have not found correlations between the
eosinophil level and the disease stage (61–65). Currently, most
studies suggest that eosinophilsmay play a tumorigenic role inMF/
SS or may not exert an anti-tumour action at all. The role of
macrophages in CTCLs is clearly tumorigenic and mounting
evidence has proven that a polarisation to M2 (CD163+)
macrophages is related to disease progression. M2 macrophages
have an immune suppressive role leading toMF/SSprogression.M2
macrophage accumulation starts in early MF phases and increases
in the plaque and tumour stages (66–69). Some Authors have
observed an accumulation of periostin-stimulated macrophages in
plaque-stageMF that may lead to formation of the tumour lesions,
while M2macrophages may play an important role inmaintaining
an immunosuppressive tumour microenvironment later.
Moreover, the interaction between neoplastic T-cells and the
microenvironment also involves keratinocytes, fibroblasts and
endothelial cells. A loop has been hypothesised between
neoplastic elements and keratinocytes as well as fibroblasts that
may lead to a permanent activation of STAT proteins with the
production of tumorigenic (Th2) molecules (70). STAT
overexpression determines a feedback loop between keratinocytes,
stromal, and malignant T-cells leading as a consequence to a Th2
polarization of the inflammatory milieu and an empowerment of
STAToverexpression (71).Evidence that endothelial cells canplayan
important role in MF progression has been clearly observed. By
comparing MF infiltrate with healthy donor skin different groups
have been proven to have an increase inmicrovascular density inMF
(42, 72–75). Moreover, markers of both neo-angiogenesis such as
VEGFA or lymph-angiogenesis (VEGF-C) have been observed as
overexpressed in MF/SS highlighting the concept that during MF
progression both an increase in blood and in lymphatic vessels can be
advantageous to tumour survival and spread (42, 73). In conclusion,
in CTCL a switch from an anti-tumour to a tumorigenic phenotype
canhelp thedisease to survive and spread to the lymph-nodes and the
internal organs. Indeed, the accumulation of exhausted anti-tumour
T cells and the increase in immuno-suppressive cells may lead to a
cascade of events including an empowerment of immune-
suppressive cytokine release as well as an increase in neo-
angiogenesis which has the consequence of providing an advantage
to the disease.
THE PD-1/PDL-1 AXIS IN PRIMARY
CUTANEOUS LYMPHOMA

The immunological interactions between Programmed cell death
receptor 1 (PD-1) and its ligands (PD-L1 and PD-L2) expressed
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on cell membranes have been well documented in the scientific
literature, as engagement of PD-1 with PD-L1/PD-L2 has shown
to prevent T-cell activation and proliferation, weakening
immune response (76). These findings have represented a
breakthrough in the immuno-oncology field, leading to the
understanding that tumor infiltrating T-cells are often
functionally impaired due to high expression of PD-1 levels,
while malignant cells can escape immune surveillance by
expressing PD-L1 (77). Similarly, overexpression of other
inhibitory checkpoint receptors, such as the B7-ligand known
as CTLA-4 (Cytotoxic T-Lymphocyte Antigen 4), has been
proved to lessen immune surveillance in tumors (78). Hence,
throughout the years, antibodies targeting PD-1 and CTLA-4
have been developed for treating several tumors, with the aim of
restoring PD-1+ T-cell function and eventually halting tumor
proliferation (79). In the growing field of immuno-oncology,
studies have been carried out in order to achieve a thorough
understanding of PD-1 and CTLA-4 expression in cutaneous
lymphomas as well (80). The results have been diverse and
noteworthy. Firstly, it has been shown that PD-1 and CTLA-4
are expressed by malignant cutaneous T-cells in MF and SS,
while PD-L1 levels are high in dendritic cells eḿigreś from the
skin but low in T-cells themselves (56, 81, 82). The different
proportion of PD-1 expressing T-cells in MF and SS groups,
reported as 13% in the former and 89% in the latter, has provided
further evidence for considering them as two distinct entities
(83). Secondly, PD-1 expression can help differentiate SS
patients, in which PD-1 is highly expressed on neoplastic CD4
+ cells, from patients affected by other inflammatory dermatoses,
in which PD-1 is more often expressed by CD8+ cells (84).
Klemke et al. proved that loss of CD7 and increased PD-1
expression in > 50% of the lymphocytic infiltrates discriminates
SS from other erythrodermic inflammatory dermatoses (85).
Kantekure et al. have also suggested that PD-1 expression
seems to increase with lymphoma progression, correlating with
an enhanced immunosuppressive microenvironment (10).
However, while the progressive nature of immunosuppression
in CTCL is well recognized, the mechanisms that underlie the
immune impairment remain essentially unknown (10). The
major part seems to be played by the interaction between PD-1
and its ligands PD-L1/PD-L2, as it leads to the transduction of a
signal which inhibits the T-cell function, attenuating the immune
response and the antitumor activity (86). Besides CTCL, this
increased PD-1 expression has been also reported in several other
models of defective immune function, including chronic viral
infections (87–90). Conversely, high number of tumor-infiltrating
CD8+ T cells in MF lesions correlates with a more favorable
outcome (91). Moreover, the understanding that CTCL cells, as
well as other cancer cells, are capable of evading immune
surveillance has been documented by detecting a reduced TH1-
response and an enhanced TH2-switch in MF lesions (92–94). All
these aspects, along with the immunosuppression observed
during disease progression and the evidence of common
alterations in immune checkpoint related genes, have brought
clinicians to theorize a therapeutic role of immune check point
inhibitors in treating CTCL (95, 96). Herein we summarize the
Frontiers in Oncology | www.frontiersin.org 4
current available results, as far as anti-PD1 and anti-CTLA4
therapies for CTCL are concerned.
RESULTS OF CLINICAL TRIALS

To date only few studies related to safety and efficacy of ICI use
in treating CTCL have been published. Two open-label trials
have shown some significant results. The former is a phase I
study conducted by Lesokhin et al. in which nivolumab,
administered at dosage of 1 or 3 mg/kg every 3 weeks, showed
a good tolerability profile in 81 patients with hematologic
malignancies (97). Specifically, in the T-cell lymphoma subset,
thirteen patients were affected by MF, five by PTCL (Peripheral
T-cell lymphoma) and five by other T-cell lymphomas. The ORR
was 15% in patients with MF and 40% in those with PTCLs. 73%
(i.e., 17/23) of these patients experienced some kind of adverse
events (AEs), most commonly mild fatigue, rash, and pruritus,
while 5 patients experienced ≥ grade 3 reactions. The latter is a
phase II study in which 24 patients with pre-treated MF (n=9)
and SS (n=15) received Pembrolizumab 2 mg/kg every 3 weeks
for up to 2 years (12). In this case, the ORR was 38%, with two
CRs (complete responses) and seven PRs (partial responses). The
median response follow-up time was 58 weeks. Four patients
discontinued treatment due to immune-related side effects, while
53% of the patients with SS experienced cutaneous flare
reactions. This occurrence was found to be associated with
high PD-1 expression on Sézary cells. Furthermore, interesting
preliminary clinical data were obtained in a phase 1b study in
which 12 patients with relapsed/refractory PTCL and CTCL
received pembrolizumab in combination with pralatrexate, a
dihydrofolate reductase inhibitor, or decitabine, a cytidine
analog, or both pralatrexate and decitabine (98). One patient
achieved CR, two had PR, one stayed in SD (stable disease) and
two experienced PD (progression disease). All responses were
seen in the triple combination arm of pembrolizumab,
pralatrexate and decitabine. This result suggests that the
integration of pembrolizumab on an epigenetic backbone is
safe and may improve the outlook in patients with PTCL and
CTCL. Attention has also been focused on personalized
treatments based on genomic features. A recent study by Beygi
et al. hypothesized that genomic alterations of PD-L1, detected
through Next Generation Sequencing techniques, may help
predict response to PD-1 targeting therapy in CTCLs: in fact,
the identification of PD-L1 structural variants (SVs) as potential
genomic biomarkers of response to PD-1 axis inhibition proved
to be helpful in assessing the response to Pembrolizumab in 3
patients with CTCL (99). However, the authors acknowledged
the need of further larger studies in order to fully explore the
predictive value of PD-L1 alterations in CTLCs. As for CTLA-4
inhibiting antibodies, current data are even more limited, as its
efficacy in CTCL has yet to be determined. To date, only two case
reports have showed positive results. In a case report by Bar-Sela,
a 44-year-old male with MF and melanoma, exhibited a complete
resolution of MF cutaneous lesions after treatment with
ipilimumab for advanced melanoma (100). In another case
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report, Sekulic et al. described the rapid response of a SS patient
with a rare gene fusion between the extracellular/transmembrane
domain of CTLA-4 (which has a high affinity for binding
ligands) and the intracytoplasmic domain of PD-1 (101).
Ultimately, combination of ipilimumab with nivolumab has
been experienced in T-cell lymphomas. In a phase I study of
eleven patients, the efficacy of the combination was not superior
to nivolumab monotherapy with an ORR of 9% and only 1 PR
observed (102). Altogether, these findings regarding the role of
PD-1 axis in CTCLs confirm the great need for further
investigations in this field (103). Here we outline a synopsis of
the currently published studies and the ongoing clinical trials
(103, 104) (Tables 1, 2).
DISCUSSION AND FUTURE
PERSPECTIVES

The role of immune checkpoint inhibitors in the treatment of
CTCL still represents a unique challenge in immuno-oncology,
as the exact role of PD-1 and its ligands in tumor
microenvironment of patients with CTCL is not fully
understood and may differ from other tumors (105–107).
This peculiarity is related to the fact that the tumor itself
arises from CD4+ T-cells, a population responsible for priming
of the cytotoxic response; therefore, it has been speculated that
Frontiers in Oncology | www.frontiersin.org 5
targeting immune checkpoints would have implications on the
functionality of both helper and cytotoxic T cells (108). Hence,
as for the PD-1 axis, a substantial difference can be noted
between solid tumors and CTCL: in the former group,
neoplastic cells express PD-L1 which binds to PD-1 on T-
cells, inhibiting their activity. Therefore, targeting PD-1 with
anti-PD-1 antibodies can prevent this inhibitory interaction,
restoring T-cell function. Conversely, the peculiarity of PD-1
expression in CTCL resides in the fact that the proliferating
neoplastic itself is a CD4+ T-cell. In this specific case, targeting
PD-1 with anti-PD-1 antibodies could have a double effect: on
the one hand, this could restore the antineoplastic function of
TILs as in solid tumors, while on the other, this could promote
the proliferation of the neoplastic T-cell population (109, 110).
Several questions have been raised and still need to be
answered. O ’Malley et al. showed that over 86% of
malignant T-cells in patients with CTCL express PD-1,
compared with 16% of benign T cells, suggesting that
preferential expression of PD-1 by malignant T cells may
underlie worsening of clinical disease in a subset of patients
treated with PD-1 blockade (111). Saulite et al. also
emphasized that blocking PD-1 in SS reduces Th2 phenotype
of non-neoplastic T-cell and may paradoxically enhance tumor
proliferation (105). Similarly, Sivanand et al. brought attention
to the controversy that, if expression of PD-1 on malignant T-
cell has an inhibitory function, PD-1 blockade can potentially
TABLE 1 | Summary of the published results from the main studies on immunotherapy in CTCL.

Target Drug Study Type N°
of
pts

Inclusion ORR Disease outcome

PD-1
(Lesokhin)

Nivolumab Phase I open-label dose-
escalation, cohort-
expansion basket

13 Heavily pretreated MF 15% Duration of response up
to 81 weeks

PD-1
(Khodadoust)

Pembrolizumab Phase II 24 MF/SS patients (23 of 24
with stage IIB to IV) and
heavily pretreated

38% 8 durable responses
(median DOR not
reached > 58 weeks)

PD-1
(Marchi)

Pembrolizumab in
combination with
epigenetic drugs

Phase 1b 12 Relapsed/refractory TCL (5
PCTL, 3 AITL*, 1 ATLL°,
2 MF and 1 SS).

6 out of 12 patients evaluable
for response at the time of
analysis

Arm B: 2/4 (CR, PR)
Three arms (4 patients
per arm):
A: pembrolizumab +
pralatrexate

*Angioimmunoblastic T-cell
lymphoma

B: pembrolizumab +
pralatrexate + decitabine

°Adult-T-cell lymphoma/
leukemia

C: pembrolizumab +
decitabine

PD-1 (Beygi) Pembrolizumab Case report on 3 patients 3 Duration of response: Pt.1 SD
Pt.1 Pembrolizumab + IFNg
6 cycles, Pembrolizumab
alone 36 cycles;

Pt.1 Stage IIB MF Pt.1 12 weeks (first round), 110
weeks (second round in
combination with RT)
Pt.2 12 weeks
Pt.3 9 weeks

Pt.2 Discontinuation due
to immune-related
pneumonitis
Pt.3 PDPt.2 Pembrolizumab 2

cycles
Pt.2 Stage IVB MF

Pt.3 Pembrolizumab 6
cycles

Pt.3 Stage IIB MF

CTLA-4
(Bar-Sela)

Ipililumab Case report 1 Stage IA MF CR –

CTLA-4
(Sekulic)

Ipililumab Case report 1 Stage IVA SS PR 6 weeks Death 3 months after
last dose
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promote tumor growth (110). Another topic of discussion is
the heterogeneity of results as far as PD-1 expression on T-cell
in MF and SS is concerned: in fact, while some authors have
reported an augmented expression in a substantial proportion
of both MF and SS patients, others have described it as more
relevant in SS only (111, 112). Moreover, recent studies about
neoantigen heterogeneity have emphasized the role of
mutational load in CTCL: Iyer et al. have proved that as MF
progresses, the tumor accumulates somatic mutations and
evolves to produce multiple genetic subclones (113).
Sivanand et al. suggested that this process has a double
effect, as on one hand it leads to higher neoantigen
expression and increased opportunities for the neoplasm to
be recognized by the immune system, while on the other the
increasing subclonal distribution of neoantigens can direct the
immune system to discrete subpopulations of the most
immunogenic tumor cells (114). This in turn may shield the
less immunogenic subclones from the antitumor attack and
limit efficacy of immunotherapy in MF (114, 115). As for the
other main actor in the ICI class (i.e., CTLA-4), even less
evidence has been found so far: in fact, while Querfeld et al.
observed a promising higher expression of CTLA-4 in CTCL,
Anzengruber et al. reported no significant differences with
healthy controls (116, 117). To date, as the combination of
anti-PD-1+anti-CTLA-4 showed no benefit over anti-PD1
alone, there are no current active trials on the efficacy of
CTLA-4 in CTCL (118). All evidence considered, it remains
challenging to come to a univocal conclusion on the efficacy of
ICI in CTCL. New interesting data may come from other less
characterized, yet worthy of mention, ICI molecules: for example,
FRCL3 (Fc receptor-like 3), TIGIT (T-cell immunoreceptor with Ig
and ITIM domains), BTLA (B and T Lymphocyte Associated),
ICOS (Inducible T-cell costimulator) and LAG-3 (Lymphocyte-
activation gene 3) have been found to be significantly upregulated
in CTCL and this finding could represent a new frontier in the
research of new target therapies (108, 117, 119, 120). Recently, new
Frontiers in Oncology | www.frontiersin.org 6
findings regarding ICOS expression in CTCL cells seem to provide
the preliminary basis for therapeutic trials, as anti-ICOS antibody–
drug conjugates proved antitumor potential against CTCL cell lines
and patient-derived xenografts (121). Nevertheless, no in vivo
studies testing the blockage of these molecules have been started
so far. Finally, it is worth mentioning that few authors have listed
T-cell lymphomas among the potential, yet very rare, immune-
related adverse events following ICIs use: for instance, in the 2012-
2018 FAERS (Food and Drug Administration Adverse Events
Reporting System) pharmacovigilance database a 0.02% incidence
of T-cell lymphoma post-ICIs use, with a 17% mortality, was
registered (122). It has been speculated that this phenomenon
might be associated with rebound overexpression of PD-1 after the
treatment, however actual mechanisms remain still unknown and
further studies are needed to better characterize this paradoxical
occurrence (123, 124). In conclusion, this literature review
highlights the potential role of immune-check point inhibitors in
CTCL, according to the current available data. Altogether, the
outlook of using ICI in this field seems to be less favorable
compared to the one observed in other tumors, such as
melanoma (6). Carrying out new research, aimed at
disentangling the complex relationship between CTCL and the
host’s immune system, may hopefully lead to a more detailed
understanding of immunological targetable molecules, in order to
provide patients with innovative therapeutic chances.
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TABLE 2 | Summary of the currently ongoing trials on immunotherapy in CTCL.

Study Type
of

study

Drug Inclusion criteria Start
date

Primary
completion

Study
completion

NCT03063632 Phase
II

Pembrolizumab + Interferon-gamma Relapsed-Non respondent (stage IB-IVB) MF, SS and
Advanced Synovial Sarcoma

Oct 13,
2017

Apr 8, 2021 Apr 8, 2022

NCT03278782 Phase
I/II

Pembrolizumab + Romidepsin Relapsed-refractory- non respondent peripheral T-cell
Lymphoma

Nov
14,
2017

Nov 30,
2021

Nov 30,
2021

NCT02581631 Phase
I/II

Nivolumab + Brentuximab Vedotin Relapsed-refractory- non respondent NHL CD30+ Dec
18,
2015

Jan 16,
2020

Aug 30,
2021

NCT02978625 Phase
II

Talimogene Laherparepvec followed by
Talimogene Laherparepvec + Nivolumab

Refractory T-cell and NK Cell Lymphomas, Cutaneous
SCC, Merkel Cell Carcinoma, and Other Rare Skin Tumors.

Sept
18,
2017

June 1,
2022

June 1,
2022

NCT03011814 Phase
I/II

Durvalumab as a single agent or with
Lenalidomide

Relapsed/refractory PTCL including CTCL March
8,

2017

June 8,
2022

June 8,
2022

NCT03357224 Phase
II

Atezolizumab Relapsed or refractory stage IIb-IV MF-SS Sept
24,
2018

Sept, 2021 June, 2025
August
 2021 | V
olume 11 | A
rticle 733770
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Syndrome Reduces Th2 Phenotype of Non-Tumoral T Lymphocytes But
may Enhance Tumor Proliferation. Oncoimmunology (2020) 9(1):1738797.
doi: 10.1080/2162402X.2020.1738797

106. Rubio Gonzalez B, Zain J, Rosen ST, Querfeld C. Tumor Microenvironment
in Mycosis Fungoides and Sezary Syndrome. Curr Opin Oncol (2016) 28
(1):88–96. doi: 10.1097/CCO.0000000000000243

107. Armand P. Immune Checkpoint Blockade in Hematologic Malignancies.
Blood (2015) 125(22):3393–400. doi: 10.1182/blood-2015-02-567453

108. Bobrowicz M, Fassnacht C, Ignatova D, Chang YT, Dimitriou F, Guenova E.
Pathogenesis and Therapy of Primary Cutaneous T-Cell Lymphoma:
Collegium Internationale Allergologicum (CIA) Update 2020. Int Arch
Allergy Immunol (2020) 181(10):733–45. doi: 10.1159/000509281
August 2021 | Volume 11 | Article 733770

https://doi.org/10.1038/sj.leu.2404350
https://doi.org/10.1016/s0959-8049(97)00186-x
https://doi.org/10.3109/10428194.2010.517877
https://doi.org/10.3109/10428194.2012.726720
https://doi.org/10.1007/82_2010_116
https://doi.org/10.1126/scitranslmed.aad7118
https://doi.org/10.1016/j.it.2013.10.001
https://doi.org/10.1016/j.ccell.2015.03.001
https://doi.org/10.1016/j.jid.2020.07.026
https://doi.org/10.1016/j.jid.2020.07.026
https://doi.org/10.1002/ajh.21960
https://doi.org/10.1080/2162402X.2020.1738797
https://doi.org/10.1001/archdermatol.2012.2089
https://doi.org/10.1001/archdermatol.2012.2089
https://doi.org/10.1111/bjd.12934
https://doi.org/10.1111/bjd.13832
https://doi.org/10.1001/archdermatol.2010.200
https://doi.org/10.1038/nm1482
https://doi.org/10.1038/nature05115
https://doi.org/10.1128/JVI.01177-06
https://doi.org/10.1002/ijc.23042
https://doi.org/10.1016/0190-9622(95)90067-5
https://doi.org/10.1016/0190-9622(95)90067-5
https://doi.org/10.1158/1078-0432.CCR-07-0610
https://doi.org/10.1158/1078-0432.CCR-07-0610
https://doi.org/10.1111/1523-1747.ep12398454
https://doi.org/10.1111/1523-1747.ep12326693
https://doi.org/10.1111/1523-1747.ep12326693
https://doi.org/10.1038/leu.2011.237
https://doi.org/10.1038/ng.3370
https://doi.org/10.1200/JCO.2015.65.9789
https://doi.org/10.1200/JCO.2020.38.15_suppl.8049
https://doi.org/10.1182/bloodadvances.2020002371
https://doi.org/10.1016/j.jdcr.2015.02.009
https://doi.org/10.1002/mgg3.121
https://doi.org/10.1002/mgg3.121
https://doi.org/10.1182/blood.V128.22.183.183
https://doi.org/10.21037/aol.2018.03.02
https://doi.org/10.21037/aol.2018.03.02
https://doi.org/10.1080/2162402X.2020.1738797
https://doi.org/10.1097/CCO.0000000000000243
https://doi.org/10.1182/blood-2015-02-567453
https://doi.org/10.1159/000509281
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Roccuzzo et al. Immunotherapy in Cutaneous Lymphomas
109. Wartewig T, Kurgyis Z, Keppler S, Pechloff K, Hameister E, Öllinger R, et al.
PD-1 Is a Haploinsufficient Suppressor of T Cell Lymphomagenesis. Nature
(2017) 552:121–5. doi: 10.1038/nature24649

110. Sivanand A, Surmanowicz P, Alhusayen R, Hull P, Litvinov IV, Zhou Y, et al.
Immunotherapy for Cutaneous T-Cell Lymphoma: Current Landscape and
Future Developments. J Cutan Med Surg (2019) 23(5):537–44. doi: 10.1177/
1203475419867610

111. O’Malley JT, Gehad A, Lowry E, Teague J, LeBoeuf N, Kupper T, et al. 314
Preferential Expression of PD-1 onMalignant T Cells of CTCLMay Underlie
Disease Worsening in Patients Undergoing Anti-PD1 Therapy. J Invest
Dermatol (2017) 137(5 suppl 1):S53. doi: 10.1016/j.jid.2017.02.330

112. Wada DA, Wilcox RA, Harrington SM, Kwon ED, Ansell SM, Comfere NI.
Programmed Death 1 Is Expressed in Cutaneous Infiltrates of Mycosis
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Syndrome Patients. J Invest Dermatol (2017) 137(1):257–60. doi: 10.1016/
j.jid.2016.08.016

121. Amatore F, Ortonne N, Lopez M, Orlanducci F, Castellano R, Ingen-Housz-
Oro S, et al. ICOS is Widely Expressed in Cutaneous T-Cell Lymphoma, and
Its Targeting Promotes Potent Killing of Malignant Cells. Blood Adv (2020) 4
(20):5203–14. doi: 10.1182/bloodadvances.2020002395

122. Anand K, Ensor J, Pingali SR, Hwu P, Duvic M, Chiang S, et al. T-Cell
Lymphoma Secondary to Checkpoint Inhibitor Therapy. J Immunother
Cancer (2020) 8(1):e000104. doi: 10.1136/jitc-2019-000104

123. Shin J, Ho Lee D, WJ L, Park CS. Mycosis Fungoides Development After
Combined Immune Checkpoint Blockade Therapy in a Patient With
Malignant Melanoma: A Case Report. Melanoma Res (2020) 30(5):515–8.
doi: 10.1097/CMR.0000000000000664

124. Marks JA, Parker DC, Garrot LC, Lechowicz MJ. Nivolumab-Associated
Cutaneous T-Cell Lymphoma. JAAD Case Rep (2021) 9:39–41. doi: 10.1016/
j.jdcr.2020.12.033
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Roccuzzo, Giordano, Fava, Pileri, Guglielmo, Tonella, Sanlorenzo,
Ribero, Fierro and Quaglino. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
August 2021 | Volume 11 | Article 733770

https://doi.org/10.1038/nature24649
https://doi.org/10.1177/1203475419867610
https://doi.org/10.1177/1203475419867610
https://doi.org/10.1016/j.jid.2017.02.330
https://doi.org/10.1002/ajh.21960
https://doi.org/10.1182/bloodadvances.2020001441
https://doi.org/10.3389/fimmu.2020.561234
https://doi.org/10.1126/sciimmunol.aat1435
https://doi.org/10.1158/2326-6066.CIR-17-0270
https://doi.org/10.1080/10428194.2018.1564827
https://doi.org/10.1080/10428194.2018.1564827
https://doi.org/10.1182/blood.V128.22.183.183
https://doi.org/10.1371/journal.pone.0179201
https://doi.org/10.1016/j.jid.2016.08.016
https://doi.org/10.1016/j.jid.2016.08.016
https://doi.org/10.1182/bloodadvances.2020002395
https://doi.org/10.1136/jitc-2019-000104
https://doi.org/10.1097/CMR.0000000000000664
https://doi.org/10.1016/j.jdcr.2020.12.033
https://doi.org/10.1016/j.jdcr.2020.12.033
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Immune Check Point Inhibitors in Primary Cutaneous T-Cell Lymphomas: Biologic Rationale, Clinical Results and Future Perspectives
	Introduction
	Primary Cutaneous T-Cell Lymphomas: An Overview
	Current Therapies for CTCL
	The Role of Tumor Microenvironment in Primary Cutaneous Lymphoma
	The PD-1/PDl-1 Axis in Primary Cutaneous Lymphoma
	Results of Clinical Trials
	Discussion and Future Perspectives
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


