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IFN  interferon 

Ig  immunoglobulin 

IL  interleukin 

ITT  intent to treat 

LC  Langerhans cell 

MF  mycosis fungoides 

Mo  month 

NK  natural killer 

ORR  overall response rate 

PFS  progression-free survival 

PTCL  primary T-cell lymphoma 

PUVA  psoralen ultraviolet A 

SS  Sezary syndrome 

TCM  central memory T cell 

TEAE  treatment emergent adverse event 

TRM  resident memory T cell 

Treg  regulatory T cell 

TSEB  total skin electron beam 

TTNT   time to next treatment 

Abstract 

New treatments are needed for patients with cutaneous T cell lymphoma (CTCL), particularly for advanced 

mycosis fungoides (MF) and Sezary syndrome (SS). The immunopathology of MF and SS is complex, but 

recent advances in tumor microenvironment understanding have identified CCR4 as a promising therapeutic 

target. CCR4 is widely expressed on malignant T cells and regulatory T cells (Tregs) in the skin and peripheral 

blood of patients with MF and SS. The interaction of CCR4 with its dominant ligands CCL17 and CCL22 plays 

a critical role in the development and progression of CTCL, facilitating the movement into, and accumulation 

of, CCR4-expressing T cells in the skin and recruiting CCR4-expressing Tregs into the tumor 

microenvironment. Expression of CCR4 is upregulated at all stages of MF and in SS, increasing with advancing 

disease. Several CCR4-targeted therapies are being evaluated, including ‘chemotoxins’ targeting CCR4 via 

CCL17, CCR4-directed chimeric antigen receptor-modified T cell therapies, small-molecule CCR4 antagonists, 
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and anti-CCR4 monoclonal antibodies. Only one is currently approved: mogamulizumab, a defucosylated, fully-

humanized anti-CCR4 monoclonal antibody for the treatment of relapsed/refractory MF and SS. Clinical trial 

data confirm that mogamulizumab is an effective and well-tolerated treatment for relapsed/refractory MF or SS, 

demonstrating the clinical value of targeting CCR4.  

Introduction 

Cutaneous T-cell lymphoma (CTCL) represents a heterogeneous group of rare, extranodal non-Hodgkin’s 

lymphomas caused by clonally derived, skin-homing T cells. CTCL usually presents primarily as localized 

lesions in the skin, but there can also be evidence of the disease in the blood, lymph nodes, and visceral organs 

[1]. The most common form of CTCL is mycosis fungoides (MF), which accounts for between 50% and 70% of 

CTCL and usually presents as localized skin disease characterized by patches, plaques and tumors, often 

accompanied by scaling and severe pruritus [1- 3]. In its early stages, characterized by limited plaques and 

patches, MF is an indolent disease with a favorable prognosis and limited impact on life expectancy that is often 

mistaken for benign dermatoses like eczema or psoriasis [1]. In many patients the disease does not progress, but 

in about one-third of patients the skin involvement will gradually spread and the disease becomes more 

advanced, with the potential for development of skin tumors and generalized erythroderma [3]. Sezary 

syndrome (SS) is a more aggressive, leukemic form of CTCL which in addition to erythroderma, is 

characterized by malignant lymphocytes with cerebriform nuclei and a typical surface marker profile (mainly 

loss of CD26 and/or CD7, with expression of CD158k and/or PD-1) [4-6]. Patients with SS represent 

approximately 5% of CTCL-cases [7] and have the most severe symptoms and poor prognosis [8, 9].  

Depending on the disease type and stage, treatment for CTCL may include skin-directed therapies such as 

topical medication (e.g. topical corticosteroids, nitrogen mustard, topical retinoid), phototherapy (e.g. UVB, 

psoralen and UVA) total skin electron beam therapy) and localized radiation therapy or a systemic therapy [8, 

10]. Systemic therapies include extracorporeal photopheresis, and treatment with interferons, systemic retinoids, 

histone deacetylase inhibitors (e.g. vorinostat or romidepsin), methotrexate or novel biologic therapies (e.g. 

brentuximab vedotin or mogamulizumab). Conventional systemic chemotherapy has only modest activity in 

CTCL and is therefore used only for patients with more advanced disease [8]. 

Although CTCL is well characterized, there is a lack of awareness and understanding of the disease — 

particularly in terms of its immunopathogenesis. New treatment options are urgently needed for patients with 

advanced MF or SS, as the majority of these patients have a very poor quality of life due to their disease and an 

expected survival of less than 5 years [2, 9]. In recent years, C-C chemokine receptor 4 (CCR4) and its ligands 
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have been shown to play a central role in the pathogenesis of several diseases including allergic asthma, atopic 

dermatitis, neurologic autoimmune disorders, and several hematologic and non-hematologic malignancies 

including CTCL [11]. CCR4 expression is elevated at all stages of CTCL [12-16]and increased numbers of 

CCR4-positive T cells are correlated with a poor disease prognosis [17]. Therefore, CCR4 has emerged as a 

potential disease marker and promising therapeutic target. In this review we provide an update of the role of 

CCR4 and its ligands in CTCL and review the development of new CCR4-targeting treatments for MF and SS.  

Pathophysiology of MF/ SS, and the role of CCR4 

Etiology 

The etiologies of MF and SS are largely unknown, and epidemiological studies have not been able to establish 

any clear environmental or genetic risk factors (or identify any viral infections) associated with an increased risk 

of CTCL [18]. Several studies have suggested that some drugs, such as hydrochlorothiazide, may be associated 

with reversible, antigen-driven T cell lymphoproliferation that mimics, and may trigger, MF [18], and that 

discontinuation of hydrochlorothiazide should be carefully evaluated in patients whose use of this drug preceded 

their MF. There have also been rare reports of familial clustering of MF, and clustering of specific human 

leukocyte antigen (HLA) class II alleles in sporadic and familial MF. Consequently, a genetic component may 

be involved in the development of some CTCL [18]. To date, however, collective clinical evidence shows only 

that the genetic background of CTCL is heterogeneous, with no clear links to specific somatic mutations, fusion 

proteins or copy number variants [3, 19]. Nonetheless, genomic studies of patients with MF or SS have 

identified somatic mutations in genes involved in various cellular processes (including DNA damage response, 

epigenetic regulation, cell cycle control, programmed cell death) and signaling pathways (including T cell 

receptor signaling, and immune signaling pathways), indicating that there may be a wide variety of possible 

underlying causes [3]. 

Origin of malignant T cells and immunopathogenesis in CTCL 

The skin microenvironment is crucial to the pathogenesis of CTCL. During the development (and through the 

progression) of MF, a disruption in the balance of the skin’s immune-surveillance response allows the migration 

of malignant T cells to the skin [2]. In healthy individuals, when naive T cells encounter antigen-presenting cells 

within the lymph nodes, they are activated as part of the adaptive immune response. Activated T cells 

subsequently undergo clonal expansion, followed by differentiation into subsets with varying roles. 

Antigen-specific central memory T cells (TCM) form a reservoir within the lymph nodes to provide long-term 

immune surveillance, whereas effector memory T cells express the E-selectin ligand cutaneous lymphocyte 
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antigen (CLA) and chemokine receptors (such as CCR4, CCR8, and CCR10) that facilitate extravasation of T 

cells into the skin [2, 18-20]. Thus, in healthy skin, most of the T cells are skin-homing resident memory T cells 

(TRM) localized within the dermis and circulation (Fig. 1a) [21-23]. Effector memory T cells migrate outside the 

lymph system to multiple sites, including the skin, where a residual number will remain as tissue-TRM [18].  

In patients with MF, the clonal malignant T cells that accumulate within the dermis and epidermis are 

commonly derived from TRM and express high levels of skin-homing receptors such as CLA and CCR4; this 

explains why they often remain localized within the skin (Fig. 1b) [18]. TRM are CD69-positive cells which 

express CD103 mainly in the epidermis, where their effector function is greater, but their proliferative capacity 

is lower compared to CD103-negative TRM which is found mainly in the dermis [20]. In contrast, malignant T 

cells in SS and in cases of MF with secondary leukemic progression, appear to be derived from TCM due to their 

co-expression of L-selectin and CCR7. TCM, which have a long life, are resistant to apoptosis and have the 

ability to circulate from the peripheral blood to the skin and lymph nodes [18]. Another subset of malignant T 

cells are migratory memory T cells (TMM): TMM are characterized by an intermediate cytokine-production profile 

that is between that of TRM and TCM [20]. Compared to TCM, TMM recirculate relatively slowly between the blood 

and skin [20]. TMM are associated with lesions with ill-defined borders and have been identified in both 

advanced cases of MF and in SS [18].  

CTCL pathophysiology involves aberrant trafficking of malignant T cells from the blood to the skin (Fig. 1c, 

Fig. 1d), and, as the disease progresses, to the lymph nodes and viscera [3]. Regulatory T cells (Tregs) are also 

important in the pathogenesis of CTCL: Tregs can suppress anti-tumor responses through the release of 

chemokines into the tumor microenvironment, resulting in an immunosuppressive tumor microenvironment in 

which tumor cells are able to escape from immune surveillance, which in turn allows tumor growth, especially 

in late stages of CTCL [24].  

The correlation between Treg numbers and MF stage  is controversial discussed in the literature. Expression of 

FOXP3, a master regulator of Treg, was found highly expressed in early-stage MF compared to advanced stages 

and unspecified CTCL. It correlates with an improved survival and its expression declined with tumor 

progression [25, 26]. In contrast, others could not confirm this correlation between Treg number and MF stage 

or progression nor MF diagnosis itself [27, 28].  In SS, expression of FOXP3 was found on malignant cells in 

the skin and blood of some patients, suggesting they indicate a subset of Sézary patients [29]. In addition, the 

suppressive function and typical marker profile of Treg has been found to be altered in many MF and SS 
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patients [28]. These varied findings could be explained by dividing T cells with Treg properties in MF and SS 

into four subsets as described in Table 1 [30].  

Other cytokines and signaling pathways have been intensively investigated in CTCL. For example, the 

proinflammatory cytokine IL-17 has been seen to be expressed by malignant T cells in a subset of CTCL and its 

upregulation through the JAK/STAT3 pathway may have a role in disease progression [31, 32]. Aberrantly 

activated JAK/STAT3 signaling itself has also been found to play an important role in CTCL cell survival and 

proliferation in CTCL patient cells and a mouse model [33, 34]. Furthermore, in recent years, the cutaneous 

microbiome and bacterial colonization of the skin gained increasing focus in CTCL pathogenesis. Especially 

colonization of the skin with Staphylococcus aureus has been found to be involved in the development and 

progression of CTCL, which could be confirmed in CTCL patients and mouse models [33, 34]. Malignant T 

cells are able to escape immune surveillance and enable disease progression through aberrant ligand expression 

on the cell surface, e.g. cytotoxic T lymphocyte antigen-4 (CTLA-4) and programmed death- ligand 1 (PD-L1) 

[35, 36]. These ligands compete to bind with immune receptors on antigen-presenting cells (APCs) and in this 

way are able to downregulate T cell activation and reduce the immune response to the malignant cell. 

CCR4 has been identified as an important therapeutic target for the treatment of CTCL [3]. Studies comparing 

patients with MF or SS to healthy individuals have shown that CCR4 is highly expressed on malignant T cells 

taken from the blood and skin of patients with MF or SS and that primary CCR4 ligands are also abundant in 

skin lesions of these patients [12, 37]. It has recently been reported that MF / SS –patients, who have high levels 

of CCR4 expression, have a poor survival prognosis [17], providing further validation for CCR4 as an important 

biomarker of disease progression and potential treatment target. Importantly, CCR4 is expressed at high levels 

on malignant T cells at all stages of CTCL (patch, plaque, and tumor) and facilitates the migration of skin-

homing malignant T cells into the dermis and epidermis. It has been shown that in CTCL, CCR4 is upregulated 

due to increased activity of the transcription factor FRA-2 [11]. CCR4 may also harbor mutations in its C-

terminal that cause truncation and leads to a gain in receptor function due to increased migration towards the 

CCR4-associated C-C chemokine receptor ligands (CCLs) CCL17 and CCL22 and impaired internalization of 

CCR4 [38]. The proportion of CCR4-positive malignant T cells increases as the disease becomes more 

advanced, accompanied by dynamic changes in the skin microenvironment [21-23]. The early stages of MF are 

characterized by a Th1 cytokine environment with elevated levels of interleukin (IL)-2, IL-12 and interferon-

gamma. However, as CTCL becomes more advanced and malignant T cells accumulate within the skin, the 

microenvironment becomes Th2 dominant (this is particularly the case in SS), with high levels of the cytokines 
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IL-17, IL-13, and IL-26, creating a proinflammatory environment that also indirectly supports tumor growth. 

The shift from Th1 to Th2 cytokine expression is accompanied by an increase in CCR4 and CCR10 expression 

on malignant T cells [39]. Therefore, the advanced stages of MF and SS are characterized by a migration of 

CCR4- and CCR10-positive malignant T cells to the skin, driven by increased expression of the CCL17 and 

CLA ligands on Langerhans cells and keratinocytes, respectively (Fig. 2) [40]. In the ‘tumor’ stage of MF and in 

SS, the lymphatic homing receptor CCR7 is also expressed, promoting migration of malignant T cells into the 

lymphatic system, leading to metastasis and blood involvement [23]. 

Among the various T cell subsets, CCR4 is predominantly expressed by Th2 cells, CD4-positive cells, CLA-

positive skin-homing T cells and Tregs [27, 41]. CCR4 has several CCLs: CCL3, CCL5, CCL17 and CCL22. 

The most important CCLs for the pathogenesis of CTCL, and the primary ligands for CCR4, are CCL17 (also 

known as thymus and activation regulated chemokine or TARC) and CCL22 (also known as macrophage-

derived chemokine or MDC) [41]. With regard to the other CCR4-associated CCLs, CCL3 (also known as 

macrophage inflammatory protein-1 alpha) is involved in recruiting immune cells to tumors, regulating the 

homing of dendritic cells to lymph nodes, and inducing antigen-specific T cell responses [42]. CCL5 (also 

known as regulated on activation, normal T cell expressed and secreted or RANTES) is involved in leukocyte 

recruitment to inflammatory sites, and in the activation and proliferation of natural killer (NK) cells [43]. Thus, 

both of these are also relevant in the pathogenesis and the microenvironment of CTCL.  

The CCR4–CCL17/CCL22 axis in CTCL 

CCL17 and CCL22 are skin-derived CCLs of CCR4 that are upregulated in the skin of patients with MF or SS 

[12, 21]. CCL17 is produced by dendritic cells, endothelial cells, keratinocytes, and fibroblasts [44], and 

facilitates recognition of circulating malignant CCR4- and CLA-expressing T cells, promoting their attachment 

to the endothelial surface [45]. CCL22 is produced by dendritic cells and macrophages, and works in concert 

with CCL17 to tether malignant T cells to the epidermis/dermis and guide their subsequent migration through 

the endothelium [41]. Importantly, CCL22 is also involved in the recruitment of Tregs into the tumor 

microenvironment, which facilitates the avoidance of immune surveillance by suppressing tumor-specific 

effector T cell-mediated immunity [46]. Moreover, early studies have demonstrated that the cytotoxic activity of 

NK cells is decreased in patients with MF and SS [47, 48], possibly related to increased Treg activity. Studies 

have shown that high expression levels of CCL22 by Langerhans cells in the epidermis may be involved in the 

aggregation of CCR4-positive malignant T cells in the skin, leading to the development of the Pautrier’s 

microabscesses that are characteristically observed in patients with MF [12]. Overall, during the pathogenesis of 
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CTCL, the parallel increases in CCL17 and CCL22 expression, combined with upregulated expression of CCR4 

on malignant T cells, facilitate trafficking of cells into the skin and promote disease progression [12, 21].  

Expression and upregulation of CCR4 and its ligands at the different stages of CTCL 

CCR4 

The expression of CCR4 is upregulated in epidermotropic cells of the skin during the ‘patch’ and ‘plaque’ stages 

of CTCL, and subsequently in large transformed cells at the ‘tumor’ stage of the disease [12, 21, 37]. In recent 

studies, CCR4 immunostaining was observed in 34% of MF and 42% of SS cases [17]. The level of CCR4 

expression, however, appears to vary widely, with studies reporting a range of immunohistochemical expression 

in the skin of patients with CTCL of between 14% and 97% [49]. This might, at least in part, be explained by 

methodological limitations and heterogeneity of methods used for the CCR4 detection in different publications. 

Nevertheless, it has to be stated that in clinical studies in which the CCR4 expression on CTCL patient T cells 

was measured by sensitive immunohistochemistry on paraffin samples, the expression ranged between 90% and 

100% and was thus almost universal. This data reflects the real-life situation best due to its superior method and 

the high patient numbers [49]. It has also been shown that high levels of CCR4 expression correlate with the risk 

of disease progression [22] and that the number of CCR4-positive T cells increases in the later, more aggressive 

stages of CTCL [3]. In addition, and when compared to those with inflammatory erythroderma or healthy 

controls, CCR4 expression on CD4-positive T lymphocytes in the blood is significantly higher in patients with 

SS [39]. A possible explanation for this may be related to the different T memory cell subsets, as described by 

Watanabe et al [20]. Blood analyses have shown very high levels of CCR4 expression on the malignant T cells 

and Tregs of patients with MF or SS [14, 16]. For example, for patients with relapsed/refractory MF or SS in the 

phase 3 MAVORIC study of mogamulizumab, CCR4 expression was observed in 97% of patients, with a 

median percentage of CCR4-positive cells of 80% [16].  

CCR4 expression is also upregulated in a subset of suppressive CD4-positive Tregs that also express the 

transcription factor FoxP3, and which are associated with tumor escape from host immunity in CTCL [2, 18]. A 

subset of SS patients has been identified with a Treg-like clone, although the prognostic significance of this 

observation is not yet understood [18]. Novel CTCL treatments targeting CCR4 are expected to act by depleting 

these effector Tregs, which could potentially improve anti-tumor response and clinical outcomes by restoring 

immune surveillance. 

 

CCL17 and CCL22 
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Alongside the increased expression of CCR4, CCR4-associated CCL17 and CCL22 are also overexpressed 

during the ‘patch’, ‘plaque’, and ‘tumor’ stages of MF, with higher levels having been observed in patients with 

more aggressive disease [21]. Production of CCL17 and CCL22 by endothelial cells and dendritic cells, 

respectively, has been shown to be upregulated both in inflamed skin and in the blood of patients with MF and 

SS [12, 21]. In addition to promoting the aggregation of CCR4-positive skin-homing T cells in skin lesions at 

the initial stages of CTCL [12], CCL17 and CCL22 may have other cancer-promoting effects. These cytokines 

may attract Tregs, immunosuppressive inhibitory macrophages, and NK T cells into the tumor 

microenvironment, thereby facilitating the escape of malignant T cells from normal immune surveillance, and 

promoting tumor cell proliferation [50]. Additionally, in vitro studies of cells derived from patients with MF 

suggest that CCL17 and CCL22 may enhance the survival of malignant T cells, further supporting the 

importance of the CCR4–CCL17/CCL22 axis in the pathophysiology of CTCL [51] and its validity as a 

therapeutic target in CTCL. 

Therapeutic approaches targeting CCR4 in CTCL 

Several strategies for targeting CCR4 have been developed. An early approach that attempted to target CCR4 

using a ‘chemotoxin’ was the fusion of CCL17 to a neurotoxin or truncated exotoxin. The aim was to deliver the 

toxin into the cytoplasm of malignant T cells via CCR4 [49]. In vitro studies and preclinical studies in mice 

have demonstrated the effectiveness of this approach in killing CTCL malignant T cells [50]. Following the 

success of treating B-cell lymphomas with chimeric antigen receptor (CAR)-modified T cells, another approach 

is to target CCR4 with CAR-modified T cells [49]. Donor T cells modified ex vivo with a CCR4-targeted CAR 

have been shown to lyse patient-derived tumor cell lines in vitro and in a mouse xenograft model. This possible 

future treatment option warrants further preclinical study [52].  

Small-molecule CCR4 antagonists 

Significant research effort has also been expended in trying and develop small-molecule CCR4 antagonists as 

new treatments for CTCL. However, CCR4 pharmacology is highly complex and CCR4 exhibits multifaceted 

biological responses to its dominant ligands, CCL17 and CCL22. These factors have led to some unexpected 

findings during early preclinical research into small-molecule CCR4 antagonists – for example, although the 

agents disrupted cytokine signaling with CCR4, opsonization did not occur with some of the CCR4 inhibitors 

[11]. Two classes of small-molecule CCR4 inhibitors are currently being studied: arylsulfonamides, and amine 

antagonists [11]. Arylsulfonamides, appear to be unable to induce CCR4 internalization, unlike the amine 
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antagonists, which have this ability due to a different CCR4 binding site [11]. Thus, despite the initial promise 

of this class of agents, to date only one small-molecule CCR4 inhibitor has made it to clinical trial: FLX475.  

FLX475 

A small-molecule CCR4 antagonist designed to inhibit the migration of Tregs into tumors, FLX475 is currently 

being evaluated in a phase 1/2 study as monotherapy and in combination with the checkpoint inhibitor 

pembrolizumab in different advanced malignancies (Table 2) [53, 54].  

Monoclonal antibodies targeted to CCR4 

The most successful CCR4-targeted treatment approach to date has been the development of monoclonal 

antibodies targeted to CCR4, which induce antibody-dependent cellular cytotoxicity (ADCC) by recruiting the 

body’s own immune cells to induce lysis of malignant T cells [49]. So far, only one antibody has already 

advanced to clinical use: mogamulizumab.  

Mogamulizumab  

Mogamulizumab is a fully humanized, defucosylated anti-CCR4 antibody that was approved in 2018 by the US 

Food and Drug Administration (FDA) for the treatment of relapsed/refractory MF and SS after at least one prior 

systemic therapy [55] and by the European Medicines Agency (EMA) for adult patients with MF or SS who 

have received at least one prior systemic therapy [56].  

Mogamulizumab has a high affinity for the N-terminus of CCR4. Once bound to CCR4, mogamulizumab is not 

internalized, and does not drive complement-dependent cytotoxic activity or induce apoptosis of tumor cells. 

Instead, mogamulizumab exerts potent anti-tumor effects through ADCC, inducing cell-mediated lysis of 

CCR4-expressing malignant T cells and Tregs [57]. Analyses of peripheral blood from patients with previously 

treated, advanced MF or SS who participated in the phase 1 and 2 clinical trials of mogamulizumab showed high 

levels of positivity for CCR4 in circulating malignant T cells and Tregs before mogamulizumab treatment [14]. 

Following mogamulizumab treatment, decreased levels of malignant T cells and Tregs were observed, 

accompanied by an increase in NK cells and NK cytotoxicity, suggesting a post-treatment improvement in 

immune function [14].  

The safety and efficacy of mogamulizumab have been established in several clinical studies (Table 2) [16, 57, 

58]. An open-label, multicenter phase 1/2 study of mogamulizumab, 1.0 mg/kg per week, in patients with 

previously treated MF (22 patients) or SS (19 patients) reported durable clinical responses with an overall 

response rate of 36.8% after 4 weeks of treatment; a higher response was observed in patients with SS vs MF 

(47.1% vs 28.6%, respectively) [57]. The exact reasons for this difference are not yet known and are subject to 
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further study. Most patients in this study (~65%) had stage IV disease, the most advanced stage of disease [57]. 

Mogamulizumab was well tolerated, with no hematologic adverse events reported [57]. Drug-related skin rash 

was the most common reason for discontinuation of mogamulizumab [57]. Similar results were obtained after 8 

weeks of mogamulizumab, 1.0 mg/kg once weekly, in a Japanese multicenter phase 2 study of patients with 

CCR4-positive relapsed CTCL or peripheral T-cell lymphoma [58]. In this study, an overall response rate of 

38% was observed in the CTCL group; mogamulizumab was well tolerated, and most adverse events were mild 

and reversible [58].  

Most recently, in the open-label, randomized, active-controlled phase 3 MAVORIC study (NCT01728805), 372 

patients with relapsed/refractory MF or SS were randomized to treatment with either mogamulizumab (186 

patients) or the histone deacetylase inhibitor vorinostat (186 patients) [16]. Mogamulizumab was dosed at 1.0 

mg/kg, and given intravenously once a week for the first 28-day cycle and then on days 1 and 15 of subsequent 

cycles until disease progression. Vorinostat was given orally at a dose of 400 mg/day. Patients treated with 

vorinostat who experienced intolerable toxicity or disease progression following two treatment cycles were able 

to cross over to the mogamulizumab treatment arm. Mogamulizumab treatment resulted in a significantly longer 

progression-free survival (median 7.7 months vs 3.1 months, respectively; hazard ratio 0.53, P<0.0001) and a 

significantly greater overall response rate compared to vorinostat (28% vs 5%, respectively; P<0.0001) [16]. 

Compartmental treatment responses were superior for mogamulizumab compared to vorinostat in the skin, 

peripheral blood, and lymph nodes. No difference was seen for viscera, but there was a very limited number of 

patients with visceral disease at baseline. Exploratory analyses showed no correlation between the levels of 

CCR4 expression in the skin and the overall response rate to mogamulizumab [16].  

No new safety concerns were identified in the safety population (370 patients) of the MAVORIC study. In the 

mogamulizumab treatment group, infusion reactions, skin rash, and fatigue were the most common adverse 

events of any cause or grade, and skin rash was the most common cause of treatment discontinuation. Grade 3 or 

4 ‘Any cause’ adverse events occurred in 75/184 patients (41%) in the mogamulizumab group and in 76/186 

patients (41%) of the vorinostat group [16]. Treatment-related serious adverse events occurred in 35/184 

patients (20%) in the mogamulizumab group, the most common of which were pneumonia (4/184 patients, 2%) 

and pyrexia (4/184 patients, 2%) [16]. Overall, the results from the MAVORIC study show that 

mogamulizumab provides an effective and well tolerated new treatment option for patients with previously 

treated MF or SS, supporting the validity of CCR4 as an important therapeutic target for CTCL.  
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In addition to being approved by the FDA (treatment of relapsed/refractory MF and SS ≥ one prior systemic 

therapy [55]) and EMA (adult MF/SS patients ≥ one prior systemic therapy), mogamulizumab was approved in 

Japan for adult T-cell leukemia/lymphoma in 2012 and for peripheral T-cell lymphoma and CTCL in 2014 [59]. 

In adult T-cell leukemia/lymphoma CCR4 is expressed abundantly, whereas for peripheral T-cell lymphoma 

expression seems to correlate with advanced or relapsed/refractory disease, in particular with blood involvement 

[59]. Mogamulizumab has also been evaluated in Phase 1 clinical trials for advanced solid tumors (including 

non-small-cell lung cancer, ovarian cancer and pancreatic cancer) in combination with other monoclonal 

antibodies: checkpoint inhibitors (nivolumab, durvalumab, tremelimumab) and a 4-1BB agonist (utomilumab). 

In all cases, a depletion of CCR4-expressing Tregs was seen [61-63]. It is suggested that combining an anti-PD-

1 monoclonal antibody with mogamulizumab provides an antitumor activity and a potentially effective option in 

cancer immunotherapy [62]. Acceptable safety profiles were also demonstrated, providing further support for 

the evaluation of mogamulizumab in other diseases associated with the expression of CCR4 [61-63]. Of course, 

these results have to be confirmed in Phase II and III trials, as they only reflect the phase I study experience. 

Especially with respect to efficacy and long-term outcomes, it is too early to make definite statements on the use 

of combination therapies with anti-CCR4. Nevertheless, the preclinical data, the mechanistic rationale and the 

first early clinical study data promote Mogamulizumab as a promising agent in targeted combination therapies 

in different tumor entities, especially CTCL and ATLL [64-67, 69-71]. Potential combination partners include 

skin-directed therapies, etoposides, immunotherapy, HDAC inhibitors, chemotherapy and engineered T cells. In 

contrast, preclinical data indicate, that bexarotene, a third-generation retinoid X-receptor-selective retinoid 

(‘rexinoid’) that is a standard therapy already in wide use in the treatment of CTCL, might be a less suitable 

candidate for combination therapy as it suppresses CCR4 expression in SS-cells in vitro, although a recent case 

report showed a successful use of bexarotene and mogamulizumab combination therapy [68, 76] (Fig. 3). 

Conclusions 

An improved understanding of the complex biological processes in which CCR4 is involved, supported by a 

greater understanding of the role of CCR4, CCL17 and CCL22 in the immunopathology of CTCL, has led to its 

identification as an important and promising therapeutic target. As such, a new treatment option for patients 

with MF and SS — a group of patients for who treatment remains a clinical challenge — has been identified. 

Accumulating evidence confirms that CCR4 is expressed to varying degrees on malignant T cells and Tregs 

across all stages of CTCL, and at consistently higher levels in patients with later stage, more aggressive disease. 

Consequently, this makes CCR4 even more appealing as a target for patients with advanced MF and SS. In 
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addition, studies are ongoing to establish CCR4 expression as a prognostic marker, meaning anti-CCR4 targeted 

treatments in development could hold significant promise for improved outcomes in patients with CTCL across 

the spectrum of the disease.  

In terms of the currently available treatment options, the monoclonal antibody mogamulizumab has emerged as 

the first CCR4-targeted therapy to demonstrate potent anti-tumor effect, with clinical trial data confirming that it 

is an effective and well-tolerated treatment option for patients with previously treated or relapsed/refractory MF 

or SS and demonstrating the clinical value of targeting CCR4 to provide novel treatment options for all patients 

with CTCL. 

Acknowledgements 

This work is supported by Kyowa Kirin, Inc. The authors would like to thank Emma Butterworth, PhD, of 

Excerpta Medica, for medical writing assistance, funded by Kyowa Kirin, Inc.  

Conflicts of interest 

J. P. Nicolay has received travel and congress participation funding from TEVA and Novartis as well as 

consulting fees from TEVA, Almirall, Biogen, Novartis, Kyowa Kirin, Innate Pharma, Takeda and Actelion. J. 

D. Albrecht has no conflicts to disclose. S. Alberti-Violetti received travel grants from Takeda and consulting 

fees from Kyowa Kirin. E. Berti has received travel grants from Takeda. 

References  

1. Kim YH, Willemze R, Pimpinelli N, Whittaker S, Olsen EA, Ranki A, Dummer R, et al. TNM 

classification system for primary cutaneous lymphomas other than mycosis fungoides and Sézary 

syndrome: a proposal of the International Society for Cutaneous Lymphomas (ISCL) and the 

Cutaneous Lymphoma Task Force of the European Organization of Research and Treatment of 

Cancer (EORTC). Blood 2007; 110:479-484. doi: 10.1182/blood-2006-10-054601 

2. Kim EJ, Hess S, Richardson SK, Newton S, Showe LC, Benoit BM, Ubriani R, et al. 

Immunopathogenesis and therapy of cutaneous T cell lymphoma. J Clin Invest 2005; 115:798-812. 

doi: 10.1172/JCI24826 

3. Krejsgaard T, Lindahl LM, Mongan NP, Wasik MA, Litvinov IV, Iversen L, Langhoff E, et al. 

Malignant inflammation in cutaneous T‐ cell lymphoma-a hostile takeover. Semin Immunopathol 

2017; 39:269-282. doi: 10.1007/s00281-016-0594-9 



 

This article is protected by copyright. All rights reserved. 
14 

4. Pulitzer MP, Horna P, Almeida J.  Sézary syndrome and mycosis fungoides: An overview, including 

the role of immunophenotyping. Cytometry B Clin Cytom. 2021; 100(2):132-138. doi: 

10.1002/cyto.b.21888 

5. Moins-Teisserence H, Daubord M, Clave E, Douay C, Félix J, Marie-Cardine A, Ram-Wolff C, et al. 

CD158k is a reliable marker for diagnosis of Sézary syndrome and reveals an unprecedented 

heterogeneity of circulating malignant cells. J Invest Dermatol. 2015; 135(1):247-257. doi: 

10.1038/jid.2014.356 

6. Horna P, Moscinski LC, Sokol L, Shao H. Naïve/memory T-cell phenotypes in leukemic cutaneous 

T-cell lymphoma: Putative cell of origin overlaps disease classification. Cytometry B Clin Cytom. 

2019; 96(3):234-241. doi: 10.1002/cyto.b.21738 

7. Trautinger F, Eder J, Assaf C, Bagot M, Cozio A, Dummer R, Gniadecki R, et al. European 

Organization for Research and Treatment of Cancer consensus recommendations for the treatment of 

mycosis fungoides/Sézary syndrome – Update 2017. Eur J Cancer 2017; 77:57-74. doi: 

10.1016/j.ejca.2017.02.027 

8. National Comprehensive Cancer Network (NCCN) (2019). Primary cutaneous lymphomas, v2.2019. 

www.nccn.org/professionals/physician_gls/default.aspx. Accessed 20 May 2020 

9. Scarisbrick JJ, Prince HM, Vermeer MH, Quaglino P, Horwitz S, Porcu P, Stadler R, et al. Cutaneous 

lymphoma international consortium study of outcome in advanced stages of mycosis fungoides and 

Sézary syndrome: effect of specific prognostic markers on survival and development of a prognostic 

model. J Clin Oncol 2015; 33:3766-3773. doi: 10.1200/JCO.2015.61.7142 

10. Dippel E, Assaf C, Becker JC, von Bergwelt-Baildon M, Beyer M, Cozzio A, Eich HT, et al. S2k 

guidelines - cutaneous lymphomas update 2016 - part 2: treatment and follow-up (ICD10 C82 - 

C86). J Dtsch Dermatol Ges 2018; 16(1):112-122. doi: 10.1111/ddg.13401 

11. Solari R, Pease JE. Targeting chemokine receptors in disease – a case study of CCR4. Eur J 

Pharmacol 2015; 763:169-177. doi: 10.1016/j.ejphar.2015.05.018 

12. Ferenczi K, Fuhlbrigge RC, Pinkus JL, Pinkus GS, Kupper TS. Increased CCR4 expression in 

cutaneous T cell lymphoma. J Invest Dermatol 2002; 119:1405-1410. doi: 10.1046/j.1523-

1747.2002.19610.x 



 

This article is protected by copyright. All rights reserved. 
15 

13. Sugaya M, Morimura S, Suga H, Kawaguchi M, Miyagaki T, Ohmatsu H, Fujita H, Sato S. CCR4 is 

expressed on infiltrating cells in lesional skin of early mycosis fungoides and atopic dermatitis. J 

Dermatol. 2015; 42(6):613-615. doi: 10.1111/1346-8138.12852 

14. Ni X, Jorgensen JL, Goswami M, Challagundla P, Decker WK, Kim YH, et al. Reduction of 

regulatory T Cells by mogamulizumab, a defucosylated anti-CC chemokine receptor 4 antibody, in 

patients with aggressive/refractory mycosis fungoides and Sezary syndrome. Clin Can Res 2014; 

21:274-285. doi: 10.1158/1078-0432.CCR-14-0830 

15. Campbell JJ, Clark RA, Watamabe R, Kupper TS. Sezary syndrome and mycosis fungoides arise 

from distinct T-cell subsets: a biologic rationale for their distinct clinical behaviors. Blood. 2010; 

116(5):767-771. doi: 10.1182/blood-2009-11-251926 

16. Kim YH, Bagot M, Pinter-Brown L, Rook AH, Porcu P, Horwitz SM, et al. Mogamulizumab versus 

vorinostat in previously treated cutaneous T-cell lymphoma (MAVORIC): an international, open-

label, randomised, controlled phase 3 trial. Lancet Oncol 2018; 19:1192-1204. doi: 10.1016/S1470-

2045(18)30379-6 

17. Shono Y, Suga H, Kamijo H, Oka T, Miyagaki T, Shishido-Takahashi N, Sugaya M, et al. Expression 

of CCR3 and CCR4 suggests a poor prognosis in mycosis fungoides and Sézary syndrome. Acta 

Derm Venereol 2019; 99:809-812. doi: 10.2340/00015555-3207 

18. Wilcox RA. Cutaneous T-cell lymphoma: 2017 update on diagnosis, risk-stratification, and 

management. Am J Hematol 2017; 92:1085-1102. doi: 10.1002/ajh.24876 

19. Nicolay JP, Felcht M, Schledzewski K, Goerdt S, Géraud C. Sézary syndrome: old enigmas, new 

argets. DDG: Journal der Deutschen Dermatologischen Gesellschaft 2016; 14(3):256-264. doi: 

10.1111/ddg.12900 

20. Watanabe R, Gehad A, Yang C, Scott LL, Teague JE, Schlapbach C, Elco CP, et al. Human skin is 

protected by four functionally and phenotypically discrete populations of resident and recirculating 

memory T cells. Sci Transl Med 2015; 7:279ra39. doi: 10.1126/scitranslmed.3010302 

21. Kakinuma T, Sugaya M, Nakamura K, Kaneko F, Wakugawa M, Matsushima K, Tamaki K. Thymus 

and activation-regulated chemokine (TARC/CCL17) in mycosis fungoides: TARC serum levels 

reflect the disease activity of mycosis fungoides. J Am Acad Dermatol 2003; 48:23-30. doi: 

10.1067/mjd.2003.132 



 

This article is protected by copyright. All rights reserved. 
16 

22. Litvinov IV, Tetzlaff MT, Thibault P, Gangar P, Moreau L, Watters AK, Netchiporouk E, et al. Gene 

expression analysis in cutaneous T-cell lymphomas (CTCL) highlights disease heterogeneity and 

potential diagnostic and prognostic indicators. Oncoimmunology 2017; 6:e1306618. doi: 

10.1080/2162402X.2017.1306618 

23. Rubio-Gonzales B, Zain J, Rosen ST, Querfeld C. Tumor microenvironment in mycosis fungoides 

and Sézary syndrome. Curr Opin Oncol 2016; 28:88-96. doi: 10.1097/CCO.0000000000000243 

24. Deng G. Tumor-infiltrating regulatory T cells: origins and features. Am J Clin Exp Immunol 2018; 

7:81-87. PMC6261843 

25. Gjerdrum LM, Woetmann A, Odum N, Burton CM, Rossen K, Skovgaard GL, Ryder LP, et al. 

FOXP3+ regulatory T cells in cutaneous T-cell lymphomas: association with disease stage and 

survival. Leukemia. 2007; 21(12):2512-8. doi: 10.1038/sj.leu.2404913 

26. Zhang Q-A, Chen Z-Q, Chen M-H, Xu Z-D. The number of regular T cells and immature dendritic 

cells involved in mycosis fungoides is linked to the tumor stage. Eur Rev Med Pharmacol Sci. 2014; 

18:553-558. 

27. Fried I, Cerroni L. FOXP3 in sequential biopsies of progressive mycosis fungoides. Am J 

Dermatopathol. 2012; 34(3):263-5. doi: 10.1097/DAD.0b013e31823062db 

28. Tiemessen MM, Mitchell TJ, Hendry L, Whittaker SJ, Taams LS, John S. Lack of suppressive 

CD4+CD25+FOXP3+ T cells in advanced stages of primary cutaneous T-cell lymphoma. J Invest 

Dermatol. 2006; 126(10):2217-23. doi: 10.1038/sj.jid.5700371 

29. Heid JB, Schmidt A, Oberle N, Goerdt S, Krammer PH, Suri-Payer E, Klemke C-D. FOXP3+CD25- 

Tumor Cells with Regulatory Function in Sézary Syndrome. J Invest Dermatol. 2009; 129(12):2875-

85. doi: 10.1038/jid.2009.175 

30. Wang J, Ke X-Y. The four types of Tregs in malignant lymphomas. J Hematol Oncol. 2011; 4:50. 

doi: 10.1186/1756-8722-4-50 

31. Krejsgaard T, Ralkiaer U, Clasen-Linde E, Eriksen KW, Kopp KL, Bonefeld CM, Geisler C, et al. 

Malignant Cutaneous T-Cell Lymphoma Cells Express IL-17 Utilizing the Jak3/Stat3 Signaling 

Pathway. J Invest Dermatol. 2011; 131(6):1331-1338. doi: 10.1038/jid.2011.27. 

32. Krejsgaard T, Litvinov IV, Wang Y, Xia L, Willerslev-Olsen A, Koralov SB, Kopp KL, et al. 

Elucidating the role of interleukin-17F in cutaneous T-cell lymphoma. Blood. 2013; 122(6):943-950. 

doi: 10.1182/blood-2013-01-480889 



 

This article is protected by copyright. All rights reserved. 
17 

33. Fanok MH, Sun A, Fogli LK, Narendran V, Eckstein M, Kannan K, Dolgalev I, et al. Role of 

Dysregulated Cytokine Signaling and Bacterial Triggers in the Pathogenesis of Cutaneous T-Cell 

Lymphoma. J Invest Dermatol. 2018; 138:1116-1125. doi: 10.1016/j.jid.2017.10.028 

34. Mirvish ED, Pomerantz RG, Geskin LJ. Infectious agents in cutaneous T-cell lymphoma. J Am Acad 

Dermatol. 2011; 64(2):423-431. doi:10.1016/j.jaad.2009.11.692 

35. Tarhini A, Lo E, Minor DR. Releasing the brake on the immune system: ipilimumab in melanoma 

and other tumors. Cancer Biother Radiopharma. 2010; 25(6):601-613. doi:20.1089/cbr.2010.0865 

36. Ilcus C, Bagacean C, Tempescul A, Popescu C, Parvu A, Cenariu M, Bocsan C, et al. Immune 

checkpoint blockade: the role of PD-1-PD-L axis in lymphoid malignancies. Onco Targets Ther. 

2017; 10:2349-2363. doi: 10.2147/OTT.S133385 

37. Kallinich T, Muche JM, Qin S, Sterry W, Audring H, Kroczek RA. Chemokine receptor expression 

on neoplastic and reactive T cells in the skin at different stages of mycosis fungoides. J Invest 

Dermatol 2003; 121:1045-1052. 

38. Nakagawa M, Schmitz R, Xiao W, Goldman CK, Xu W, Yang Y, Xin Y, et al. Gain-of-function 

CCR4 mutations in adult T cell leukemia/lymphoma. J Exp Med 2014; 211(13):2497-2505. doi: 

10.1084/jem.20140987 

39. Fierro MT, Conmessatti A, Quaglino P, Ortoncelli M, Osella Abate S, Ponti R, Novelli M, et al. 

Expression pattern of chemokine receptors and chemokine release in inflammatory erythroderma and 

Sézary syndrome. Dermatology 2006; 213:284-292. doi: 10.1159/000096191 

40. Girardi M, Heald PW, Wilson LD. The pathogenesis of mycosis fungoides. N Engl J Med 2004; 

350:1978-1988. doi: 10.1056/NEJMra032810 

41. Yoshie O, Matsushima K. CCR4 and its ligands: from bench to bedside. Int Immunol 2015;  27:11-

20. doi: 10.1093/intimm/dxu079 

42. Schaller TH, Batich KA, Suryadevara CM, Desai R, Sampson JH. Chemokines as adjuvants for 

immunotherapy: implications for immune activation with CCL3. Expert Rev Clin Immunol 2017; 

13:1049-1060. doi: 10.1080/1744666X.2017.1384313 

43. Aldinucci D, Colombatti A. The inflammatory chemokine CCL5 and cancer progression. Mediators 

Inflamm 2014; 292376. doi: 10.1155/2014/292376 



 

This article is protected by copyright. All rights reserved. 
18 

44. Martinenaite E, Munir Ahmad S, Hansen M, Met O, Westergaard MW, Larsen SK, Klausen TW, et 

al. CCL22-specific T cells: modulating the immunosuppressive tumor microenvironment. 

Oncoimmunology 2016; 5:e1238541. doi: 10.1080/2162402X.2016.1238541 

45. Chong BF, Murphy J-E, Kupper TS, Fuhlbrigge RC. E-Selectin, thymus- and activation-regulated 

chemokine/CCL17, and intercellular adhesion molecule-1 are constitutively coexpressed in dermal 

microvessels: a foundation for a cutaneous immunosurveillance system. J Immunol 2004; 172:1575-

1581. doi: 10.4049/jimmunol.172.3.1575 

46. Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, Evdemon-Hogan M, et al. Specific 

recruitment of regulatory T cells in ovarian carcinoma fosters immune privilege and predicts reduced 

survival. Nat Med 2004; 10:942-949. doi: 10.1038/nm1093 

47. Laroche L, Kaiserlian D. Decreased natural-killer-cell activity in cutaneous T-cell lymphomas. 

N Engl J Med 1983; 308:101-102. doi: 10.1056/NEJM198301133080213 

48. Wood NL, Kitces EN, Blaylock WK. Depressed lymphokine activated killer cell activity in mycosis 

fungoides. a possible marker for aggressive disease. Arch Dermatol 1990; 126:907-913. 

doi:10.1001/archderm.1990.01670310069009 

49. Ollila TA, Sahin I, Olszewski AJ. Mogamulizumab: a new tool for management of cutaneous T-cell 

lymphoma. Onco Targets Ther 2019; 12:1085-1094. doi: 10.2147/OTT.S165615 

50. Baatar D, Olkhanud P, Newton D, Sumitomo K, Biragyn A. CCR4-expressing T cell tumors can be 

specifically controlled via delivery of toxins to chemokine receptors. J Immunol 2007; 179:1996-

2004. doi: 10.4049/jimmunol.179.3.1996 

51. Wu C-S, Wang S-T, Liao C-Y, Wu M-T. Differential CCR4 expression and function in cutaneous T-

cell lymphoma cell lines. Kaohsiung J Med Sci 2008; 24:577-590. doi: 10.1016/S1607-

551X(09)70019-1 

52. Perera LP, Zhang M, Nakagawa M, Petrus MN, Maeda M, Kadin, ME, et al. Chimeric antigen 

receptor modified T cells that target chemokine receptor CCR4 as a therapeutic modality for T-cell 

malignancies. Am J Hematol 2017; 92:892–901. doi: 10.1002/ajh.24794. 

53. Ho W, Nasrah N, Johnson D. Phase I/II dose escalation and expansion study of FLX475 alone and in 

combination with pembrolizumab in advanced cancer. J Clin Oncol 2019; 37. 

doi: 10.1200/JCO.2019.37.8_suppl.TPS24 



 

This article is protected by copyright. All rights reserved. 
19 

54. Powderly JD, Chmielowski B, Brahmer JR, Piha-Paul SA, Bowyer SE, LoRusso P, Catenacci DVT, 

et al. Phase I/II dose-escalation and expansion study of FLX475 alone and in combination with 

pembrolizumab in advanced cancer. J Clin Oncol. 2020; 38(No. 15_suppl). doi: 

10.1200/JCO.2020.38.15_suppl.TPS3163 

55. Poteligeo (mogamulizumab-kpkc) Prescribing Information. Kyowa Kirin, Inc. Bedminster, NJ, USA. 

www.poteligeohcp.com/assets/files/full-prescribing-information.pdf. Accessed 27 May 2020. 

56. Poteligeo. EPAR – Product Information. www.ema.europa.eu/en/medicines/human/EPAR/poteligeo. 

Accessed 20 May 2020 

57. Duvic M, Pinter-Brown LC, Foss FM, Sokol S, Jorgensen JL, Challagundla P, Dwyer KM, et al. 

Phase 1/ 2 study of mogamulizumab, a defucosylated anti-CCR4 antibody, in previously treated 

patients with cutaneous T-cell lymphoma. Blood 2015; 125:1883-1889. doi: 10.1182/blood-2014-09-

600924 

58. Ogura M, Ishida T, Hatake K, Taniwaki M, Ando K, Tobinai K, Fujimoto K, et al. Multicenter phase 

II study of mogamulizumab (KW-0761), a defucosylated anti-CC chemokine receptor 4 antibody, in 

patients with relapsed peripheral T-cell lymphoma and cutaneous T-cell lymphoma. J Clin Oncol 

2014; 32:1157-1163. doi: 10.1200/JCO.2013.52.0924 

59. Kim YH, Bagot M, Zinzani PL, Duvic M, Morris S, Kim E, Musiek A, et al. Safety of 

Mogamulizumab in Mycosis Fungoides and Sézary Syndrome: Final Results from the Phase 3 

MAVORIC Study. Blood. 2019; 134(Supp_1):5300. doi: 10.1182/blood-2019-122778 

60. Ollila, TA, Sahin I, Olszewski, AJ. Mogamulizumab: a new tool for management of cutaneous T-cell 

lymphoma. OncoTargets and Therapy 2019; 12:1085–1094. 

61. Fong S, Hong EK, Khodadoust MS, Li S, Hoppe RT, Kim YH, Hiniker SM. Low-dose total skin 

electron beam therapy combined with mogamulizumab for refractory mycosis fungoides and Sézary 

syndrome. Adv Rad Oncol 2020: S2452109420303596. doi: 10.1016/j.adro.2020.11.014 

62. Ohuchi K, Fujimura T, Kambayashi Y, Amagai R, Lyu C, Tanita K, Sato Y, et al. Successful 

treatment of mogamulizumab‐ resistant mycosis fungoides with mogamulizumab plus etoposide 

combined therapy: Investigation of the immunomodulatory effects of etoposide on the tumor 

microenvironment. Dermatol Ther 2020; 33(4):e13487. doi: 10.1111/dth.13487 



 

This article is protected by copyright. All rights reserved. 
20 

63. Patino P, Kruglov O, Akilov O. Resolution of Sezary syndrome after combination of 

mogamulizumab with pegylated interferon α2-a is mediated by CD56dim NKP30+ IFNγ NK cells. 4th 

World Congress of Cutaneous Lymphoma, 12-14 February 2020. 

64. Rook AH, Gelfand JM, Wysocka M,  Troxel AB, Benoit B, Surber C, et al. Topical resiquimod can 

induce disease regression and enhance T-cell effector functions in cutaneous T-cell lymphoma. 

Blood. 2015; 126(12):1452-1461. doi: 10.1182/blood-2015-02-630335 

65. Huen AO and Rook AH. Toll receptor agonist therapy of skin cancer and cutaneous T-cell 

lymphoma. Curr Opin Oncol. 2014; 26(2):237-244. doi: 10.1097/CCO.0000000000000048. 

66. Kelly-Sell MJ, Kim YH, Straus S, et al. The histone deacetylase inhibitor, romidepsin, suppresses 

cellular immune functions of cutaneous T-cell lymphoma patients. Am J Hematol 2012; 87(4):354-

360. doi: 10.1002/ajh.23112 

67. Kitadate A, Ikeda S, Abe F, Takahashi N, Shimizu N, Matsue K, Tagawa H. Histone deacetylase 

inhibitors downregulate CCR4 expression and decrease mogamulizumab efficacy in CCR4-positive 

mature T-cell lymphomas. Haematologica 2018; 103(1):126-135. doi: 

10.3324/haematol.2017.177279 

68. Richardson SK, Newton SB, Bach TL, Budgin JB, Benoit BM, Lin JH, Yoon JS, et al. Bexarotene 

blunts malignant T-cell chemotaxis in Sezary syndrome: Reduction of chemokine receptor 4-positive 

lymphocytes and decreased chemotaxis to thymus and activation-regulated chemokine. Am. J. 

Hematol 2007; 82:792–797. doi: 10.1002/ajh.20952 

69. Jo T, Matsuzaka K, Shioya H, Tominaga H, Sakai T, Kaneko Y, Hayashi S, et al. Mogamulizumab 

Plus EPOCH Therapy for Patients With Newly Diagnosed Aggressive Adult T-cell 

Leukemia/lymphoma. Anticancer Res 2020; 40:5237–5243. doi: 10.21873/anticanres.14527 

70. Ishida T, Jo T, Takemoto S, Suzushima H, Uozumi K, Yamamoto K, Uike N, et al. Dose‐ intensified 

chemotherapy alone or in combination with mogamulizumab in newly diagnosed aggressive adult T‐

cell leukaemia‐ lymphoma: a randomized phase II study. Br J Haematol 2015; 169:672–682. doi: 

10.1111/bjh.13338 

71. Tanaka H, Fujiwara H, Ochi F, Tanimoto K, Casey N, Okamoto S, Mineno J, et al. Development of 

Engineered T Cells Expressing a Chimeric CD16-CD3ζ Receptor to Improve the Clinical Efficacy of 

Mogamulizumab Therapy Against Adult T-Cell Leukemia. Clin Cancer Res 2016; 22:4405–4416. 

doi: 10.1158/1078-0432.CCR-15-2714 



 

This article is protected by copyright. All rights reserved. 
21 

72. Marshall LA, Marubayashi S, Jorapur A, Jacobson S, Zibinsky M, Robles O, Hu DX, et al. Tumors 

establish resistance to immunotherapy by regulating Treg recruitment via CCR4. J Immunother 

Cancer. 2020; 8(2):e000764. doi: 10.1136/jitc-2020-000764 

73. Doi T, Muro K, Ishii H, Kato T, Tsushima T, Takenoyama M, Oizumi S, et al. A Phase I Study of the 

Anti-CC Chemokine Receptor 4 Antibody, Mogamulizumab, in Combination with Nivolumab in 

Patients with Advanced or Metastatic Solid Tumors. Clin Cancer Res 2019; 25:6614-6622. doi: 

10.1158/1078-0432.CCR-19-1090 

74. Zamarin D, Hamid O, Nayak-Kapoor A, Sahbjam S, Sznol M, Collaku A, Fox FE, et al. 

Mogamulizumab in Combination with Durvalumab or Tremelimumab in Patients with Advanced 

Solid Tumors: A Phase I Study. Clin Cancer Res 2020; 26:4531-4541. doi: 10.1158/1078-0432.CCR-

20-0328 

75. Cohen EEW, Pishvaian MJ, Shepard DR, Wang D, Weiss J, Johnson ML, Chung CH, et al. A phase 

Ib study of utomilumab (PF-05082566) in combination with mogamulizumab in patients with 

advanced solid tumors. J Immunother Cancer 2019; 7:342. doi: 10.1186/s40425-019-0815-6 

76. Hisamoto T, Suga H, Kawana Y, Oka T, Miyagaki T, Sugaya M, Sato S. A case of mycosis fungoides 

successfully treated with combination of bexarotene and mogamulizumab. Dermatol Ther. 2021; 

e14805. doi: 10.1111/dth.14805. Online ahead of print. 

 

Table 1. Subsets of T cells determined by Treg properties and markers 

Cell Type Cell Function Reference 

Functional 

Suppressor 

T cell immune response is physiologically 

suppressed 

28 

Malignant CTCL cells themselves express Treg markers 28 

Tumor-killing High Treg counts correlate with improved overall 

survival 

28 

Incompetent Tregs function poorly and contribute to the 

appearance of autoimmune symptoms 

28 
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Table 2. Outcomes of clinical trials involving CCR4-targeting therapeutics 

Trial Purpose Short-term 

outcomes 

Long-term outcomes Reference 

FLX475 

NCT03674567 

 Phase 1/2 trial 

on dose 

escalation and 

cohort 

expansion, 

examining use 

both as 

monotherapy 

and in 

combination 

with 

pembrolizuma

b 

 Estimated 

study 

completion 

date August 

2021 

 N/A 51, 52 

Mogamulizumab 

NCT00888927 

 Phase 1/2 trial 

to investigate 

the maximum 

safe dose for 

subjects with 

previously 

treated PTCL 

or CTCL 

 Majority of 

TEAEs were 

grade 1/2 

 No significant 

hematological 

effects were 

seen 

 ORR was 36.8% 

in 38 evaluable 

patients (MF: 

28.6%[21/38], 

SS: 

47.1%[17/38]) 

 Complete 

responses seen 

in 11 patients 

 N/A 55 

Mogamulizumab 

NCT01192984 

 Phase 2 trial 

to investigate 

overall 

response rate 

in patients 

with relapsed 

CCR4-positive 

PTCL or CTCL 

 Clinically 

meaningful 

antitumor 

activity was 

seen 

 Toxicity profile 

was acceptable 

 N/A 56 

Mogamulizumab 

(MAVORIC 

 Phase 3 trial 

to compare 

mogamulizum

 Superior 

investigator-

assessed PFS 

 AE type and 

frequency were 

consistent with 

14, 57 



 

This article is protected by copyright. All rights reserved. 
23 

study) 

NCT01728805 

ab treatment 

with 

vorinostat 

treatment in 

CTCL patients 

for 

mogamulizuma

b compared 

with vorinostat 

(median 7·7 mo 

[95% CI 5·7–

10·3] vs 3·1 mo 

[2·9–4·1]; HR 

0·53, 95% CI 

0·41–0·69; 

P<0·0001) (Kim 

2018) 

 Grade 3–4 AEs 

were similar 

between 

treatment arms 

(41% [75/184] 

of patients vs 

41% [76/186] 

of patients in 

the 

mogamulizuma

b and 

vorinostat 

groups, 

respectively) 

(Kim 2018) 

 In the ITT 

population, 

median TTNT 

was longer for 

mogamulizuma

b patients at 11 

mo (95% CI, 

8.8-12.6) 

compared to 

vorinostat at 

3.5 mo and 

consistently 

longer for 

MOGA vs VORI 

across disease 

stage grouping 

or by disease 

type. (TTNT - 

those in the 

primary analysis 

in both 

treatment arms. 

 AE types and 

frequencies 

considered 

attributable to 

mogamulizumab 

(per Investigator 

assessment) 

included 

infusion-related 

reaction (33.2% 

[61/184]), drug 

eruption (23.9% 

[44/184]), and 

fatigue (18.5% 

[34/184]), and 

for vorinostat, 

diarrhea (55.4% 

[103/186]), 

nausea (38.2% 

[71/186]), and 

fatigue (33.3% 

[62/186]). 

 For patients 

who crossed 

over from 

vorinostat to 

mogamulizumab 

(n=135), the AEs 

most frequently 

reported and 

attributable to 

mogamulizumab 

were infusion-

related reaction 

(37.8% 

[51/135]), drug 

eruption (24.4% 

[33/135]), 

fatigue (7.4% 

[10/135]), 

increased 
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Kim 2019) 

 Median TTNT 

was 10 mo 

(95% CI: 8.0-

12.6) for 

patients who 

crossed over 

from vorinostat 

to 

mogamulizuma

b. (TTNT - Kim 

2019) 

alanine 

aminotransferas

e (7.4% 

[10/135]), and 

increased 

aspartate 

aminotransferas

e (7.4% 

[10/135]).  

 Similar 

discontinuation 

rates due to AEs 

were seen 

between both 

treatment arms 

and crossover 

patients 

(mogamulizuma

b, 21.7% 

[40/184]; 

vorinostat, 

23.7% [44/186]; 

crossover, 

25.9% 

[35/135]). 

 The most 

common AEs 

which led to 

discontinuation 

were: 

mogamulizumab

, drug eruption 

(7.1% [13/184]) 

and vorinostat, 

fatigue (4.3% 

[8/186]). 

 Similar drug-

related serious 

TEAEs rates 

were seen 

between both 

treatment arms 

and crossover 

patients 

(mogamulizuma
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b, 19.6% 

[36/184]; 

vorinostat, 

16.7% [31/186]; 

crossover, 

11.9% 

[16/135]). 

AE, adverse event; CI, confidence interval; CTCL, cutaneous T-cell lymphoma; HR, hazard ratio; ITT, intent to 

treat; MF, mycosis, fungoides; mo, month; ORR, overall response rate; PFS, progression-free survival; PTCL, 

primary T-cell lymphoma; TEAE, treatment emergent adverse event; TTNT, time to next treatment; SS, Sezary 

syndrome. 
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Fig. 1 Summary of the pathogenesis of MF and SS. It should be noted that MF and SS might be independent 

forms of CTCL. Additionally, there is an increase in the proportion of CCR4-positive malignant T cells as the 

disease advances [19-21]. a.) Normal skin with only skin-homing T cells in dermis and in circulation. b.) Patch 

and plaque MF: more, especially malignant, T cells home to the skin via interaction of expressed CCR4 and 

CLA with CCL17 and E-selectin, instigating an immune response. These CTCL cells influence their 

microenvironment: Th2 cytokine production increases and Th1 cytokine production decreases. The Th2 increase 

leads to an increase in IL-4, IL-5 and IL-10 which in turn leads to a decrease in CD8+ T cells,  NK cells, DCs, 

IFN-α, IFN-γ and IL-12, as well as other cytokines.  c.) In Tumor MF, this effect escalates, so that the infiltrate 

is comprised mainly of malignant T cells and some CD8-positive cells, an increase in eosinophils, and greatly 

enhanced Th2 cytokine production. d.) Erythroderma in MF and SS, with detectable circulating, but fewer 

malignant T cells, again with an increase in eosinophils and greatly enhanced Th2 cytokine production. DC, 

dendritic cell; IFN, interferon; Ig, immunoglobulin; IL, interleukin; LC, Langerhans cell.  Adapted with 

permission from Kim EJ, et al (2005). J Clin Invest 115:798-812. doi: 10.1172/JCI24826 © 2005, American 

Society for Clinical Investigation. 
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Fig. 2 Extravasation of malignant T cell to the epidermis.  Migration of malignant CTCL cells from the blood 

vessel into the epidermis follows a two-step process, with CCR4 and its interaction partners involved in both of 

these steps: 1. Extravasation occurs through malignant T cells expressing CCR4 and CLA which bind to CCL17 

on endothelial cells and E-selectin, respectively, allowing them to leave the capillary and enter the dermis. 2. 

Trafficking of the T cells through the endothelium to the epidermis, epidermotropism, is then mediated by 

CCL22 (present on Langerhans cells in the epidermis) which binds to a separate site on CCR4.  

Based on Girardi M, et al (2004). N Engl J Med. 2004;350(19):1978-1988. doi:10.1056/NEJMra032810 
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Fig. 3 Potential combination partners for anti-CCR4 therapy. There is currently evidence for potential 

therapeutic combination partners for anti-CCR4 therapy in CTCL (MF and SS), ATLL and solid tumors 

(including non-small-cell lung cancer, pancreatic cancer and ovarian cancer) from the current literature. For 

CTCL and ATLL, CCR4-expressing malignant T cells and Tregs are both targeted, whereas for solid tumors, 

mainly CCR4-expressing Tregs are targeted. There is evidence both for and against the use of bexarotene as a 

therapeutic partner. ATLL, adult T-cell leukemia/lymphoma; CCR4, C-C chemokine receptor 4; CTCL, 

cutaneous T-cell lymphoma; ECP, extracorporeal photopheresis; EPOCH, etoposide prednisolone oncovin 

cyclophosphamide hydroxyaunorubicin; HDAC, histone deacetylase; IFN, interferon; IL, interleukin; MF, 

mycosis fungoides; PUVA, psoralen ultraviolet A; SS, Sezary syndrome; TSEB, total skin electron beam.  
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Graphical abstract 

C-C chemokine receptor 4 (CCR4) is expressed on malignant T cells in cutaneous T cell lymphoma 

(CTCL). CCR4 is also expressed on T regulatory cells (Tregs) and accumulation of Tregs by tumours is 

a known mechanism of immune escape in CTCL and other cancers. Anti-CCR4 therapy holds 

potential as an antitumour treatment both as monotherapy and in combination with other existing 

therapies. 

 

 


