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Mycoses fungoides (MF) and Sézary syndrome (SS) are cutaneous T-cell lymphomas that are often challenging to manage given the absence of reliably curative therapies, at times high symptom burden with significant detriment to quality of life, and need for ongoing treatment for disease and symptom control. Recent developments in skin-directed treatments include optimizing the use of existing topical therapies, the introduction of known dermatological agents and treatment modalities for the specific treatment of MF/SS (such as mechlorethamine gel, calcineurin inhibitor creams, and photodynamic therapy), and novel local and topical agents. For advanced disease, dedicated clinical trials have translated to exciting progress, leading to the approval of brentuximab vedotin (2017) and mogamulizumab (2018) for relapsed MF/SS. Additional studies of other active systemic agents, including various cellular therapies, represent further attempts to add to the therapeutic armamentarium in treating MF/SS. In this review, we highlight these recent advancements, ranging from optimization of skin-directed therapies to the introduction of novel systemic agents. We focus on therapies approved in the preceding five years or under investigation in advanced-phase clinical trials.
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Introduction and therapeutic framework

The cutaneous T-cell lymphomas (CTCLs) comprise a group of non-Hodgkin T-cell lymphomas primarily presenting with cutaneous involvement, though with capability to involve nodal regions, blood, and visceral organs (1). Mycosis fungoides (MF) is the most common type of CTCL, accounting for nearly 50% of all primary cutaneous lymphomas. Sézary syndrome (SS), often thought of as a leukemic form of MF though in fact a distinct disease entity (2–4), is rare and accounts for <5% of all primary cutaneous lymphomas. While the presentation, symptom burden, and management of patients with MF/SS is highly heterogenous, most patients with MF/SS have a chronic natural history requiring multiple treatments with variable responses and durability (5). It is paramount to realize that in the absence of aggressive treatment modalities, namely allogeneic hematopoietic stem cell transplant (alloSCT), conventional treatments for MF/SS are not curative. Still, patients with MF/SS, especially those with early-stage disease, can have prolonged survival measured in decades despite repeated relapses (6, 7). Therefore, an overarching tenant of therapy is to not only maximize disease control but also provide long-term palliation of symptoms and avoid cumulative treatment-related toxicity.

The management of MF/SS generally matches disease stage and symptom burden. Taking into account various patient-, disease-, and provider-specific variables, skin-directed therapies are usually used for patch/plaque disease with limited skin involvement (stage IA, see staging (8)). Frequent agents include topical corticosteroids (9), topical bexarotene (10), and topical mechlorethamine hydrochloride (11). More extensive patch/plaque disease is commonly approached with phototherapy (specifically, narrow-band ultraviolet B [NB-UVB] or Psoralen with ultraviolet A [PUVA]) (12), or radiation as either targeted treatment for localized skin disease and total skin electron beam (TSEB) therapy for diffuse or recalcitrant cases, often at reduced doses compared to conventional dosing (13, 14). Immunomodulatory agents, such as oral bexarotene (15, 16) low-dose methotrexate (17), and interferon (18), might be considered at these timepoints as well. More advanced disease, including tumor-stage MF or those with extracutaneous disease, generally require systemic agents, including single-agent chemotherapy (19–22), romidepsin (23, 24), vorinostat (25), and pralatrexate (26, 27). We emphasize that the management of MF/SS is highly individualized and is best served by a multidisciplinary oncology and dermatology approach. Our formal management practices are described elsewhere (28).

Building on the above framework, in this review, we discuss recent (occurring within the preceding five years) developments in the treatment of MF/SS, focusing on agents with published data leading to recent regulatory approval or those being evaluated in advanced-phase clinical trials. We draw upon our clinical experience with these agents and reviewed published manuscripts on these therapies. In addition, we reviewed published abstracts on MF/SS occurring in the last five meetings of the American Society of Hematology, the American Society of Clinical Oncology, and the European Hematology Association in order to identify additional agents for inclusion.





Advances in skin-directed therapies

Recent developments in skin-directed treatments include greater understating of the optimal use of the existing topical therapies for MF/SS, introduction of known topical dermatological agents and treatment modalities in patients with MF/SS, and combinations of known skin-directed treatments with other therapies in attempts to increase efficacy. Some novel topical agents have been introduced in recent years and may represent important expansions to the arsenal of skin-directed-therapies for MF/SS in the near future.




Chlormethine gel

Chlormethine (CL) or mechlorethamine gel 0.016% was approved the United States (US) Food and Drug Administration (FDA) in 2013 for the treatment of adult patients with stage IA–IB MF. CL induces double-stranded DNA breaks, thereby inducing apoptosis in skin-homing malignant T-cells and suppressing the expression of DNA repair genes in malignant T cells in the skin (29). The recently reported real-world PROVe study assessed real-world efficacy of CL in daily clinical practice in the US (2). Most patients in the PROVe study were using CL in combination with other therapies. The study included 298 patients and confirmed that CL is an important treatment for patients with MF, reducing the severity of cutaneous lesions and improving quality of life. At 12 months post-treatment initiation, 45% of patients had responded, with peak response occurring at 18 months (30). CL can be continued as maintenance therapy (31), with a recent single-center report demonstrating a 65% progression-free survival rate with CL gel maintenance, with a median time to progression of 29.5 months (32). An open-label study assessing the efficacy and tolerability of CL 0.04% in patients with early stage MF who had not achieved complete remission (CR) with one year of daily CL gel 0.02% showed that increased CL dose and longer treatment can result in further clinical benefit, especially for recalcitrant lesions, with no increase in toxicities or skin adverse effects (33).





Calcineurin inhibitors

The calcineurin pathway is often activated in MF, and the safety and activity of 1% pimecrolimus cream, a topical calcineurin inhibitor, was recently evaluated in a multicenter, phase II trial of 39 patients with early-stage MF (PimTo-MF) (34). In total, 56% of patients had an overall response, most of which were partial responses. This agent is well tolerated, with no patients requiring a dose reduction or discontinuation due to drug-related toxicity in this trial. Adverse events occurred in 33% of the patients, most commonly a transitory grade 1 mild burning or pruritus. This agent is not approved for use in the US or Europe but can be used off-label in individualized cases.

The safety of topical tacrolimus, an additional calcineurin inhibitor, was recently reviewed in a single-center retrospective study of patients with MF at the University of Pennsylvania. In 13 patients with MF receiving topical tacrolimus for other (non-MF) conditions, there was no worsening or recurrence of MF over several years of follow-up in the majority of patients (35). These findings are in line with other recent large cohort studies showing no strong evidence of associations between topical calcineurin inhibitor use and the risk of developing lymphoma (or other cutaneous malignancies) (36, 37).





Radiation therapy

Conventional total skin electron beam therapy (TSEBT) has known efficacy in treating MF/SS, though due to the chronic nature of MF/SS, many patients relapse and might face limited options for re-radiation retreatment due to skin toxicity. Therefore, low-dose TSEBT with 10-12 Gy has largely replaced traditional TSEBT (30-36 Gy) in the treatment of MF/SS (13, 38). Low-dose TSEBT provides rapid and reliable reduction of disease burden in MF/SS patients, and it can be safely administered in multiple instances with an acceptable toxicity profile (13). A combination strategy of low-dose TSEBT with oral bexarotene is being explored in a clinical trial at our center (NCT05296304). For localized disease, recent reports show that single-fraction radiation therapy with a dose of 8 Gy in one fraction can provide a high rate of complete and durable responses at affected sites (39).





Photodynamic therapy

Photodynamic therapy (PDT) utilizing photosensitizing agents (such as 5-aminolevulinic acid [ALA]) irradiated with a specific wavelength of light in the presence of oxygen is being explored in CTCL (40, 41). Limiting the use of ALA-PDT in CTCL is the poor tissue penetration of the photosensitizers, though new developments in the use of PDT for CTCL, such as innovative photosensitizers beyond ALA, more effective delivery methods deeper into lymphoma lesions, and novel prepping methods, are ongoing (42). In particular, topical synthetic hypericin, known to inhibit malignant T-cell proliferation and induce apoptosis, has both a tumoricidal effect as a stand-alone drug and is activated by visible light (43). The randomized, placebo-controlled, double-blind, phase 3 FLASH trial, comprised of 169 patients with early-stage MF, evaluated the efficacy of topical 0.25% hypericin ointment PDT for early-stage disease (44). After six weeks of treatment, hypericin PDT was more effective than placebo (index lesion response rate after one cycle: 16% vs 4%, p=0.04). Responses increased to 40% after two cycles and 49% after three cycles, and were seen in both patch and plaque lesions. Adverse events were primarily mild application-site skin reactions with no evidence of systemic absorption. This agent is not approved by the US FDA but may represent an additional consideration in the near future.





Excimer laser

The excimer laser, a form of UV light that emits 308-nm light, has demonstrated efficacy in the treatment of MF (12). Compared to other phototherapy modalities, advantages of the excimer laser include shorter therapy duration, ability to direct treatment at distinct skin lesions, and low UV dose exposure (45). In one report of 72 patients with MF who were treated with 308-nm excimer laser, 74% achieved a CR after a mean 18.7 (SD: 7.4, range: 6–44) treatment sessions. Only 2.8% had no clinical response. Lower response rates were reported in patients with folliculotropic MF (CR in 25% and PR in 75%). Commonly described adverse events are erythema, first-degree burn, and pruritus (45).





Other topical therapies

As malignant lymphocytes of MF and SS overexpress CD47, this transmembrane protein represents a possible candidate for targeted anti-CD47 therapies. TTI-621 (SIRPαFc) is a fusion protein that blocks the CD47-SIRPα interaction between malignant cells and macrophages (46). Direct intralesional administration of TTI-621 to skin lesions has been trialed with the rational to enhance both local and systemic antitumor effects. Efficacy can be high with intralesional treatment, with reported overall response rates of 34% (46, 47). Intralesional TTI-621 is well tolerated and has activity in adjacent or distal non-injected lesions, suggesting a systemic effect (47). In another small clinical trial, a topical inhibitor of p-STAT3 (WP1220), has shown demonstrable safety and significant efficacy in three patients with progressive MF (48). Whether these agents will move forward for regulatory approval is unclear.






Advances in systemic therapies

Progress in advanced-stage disease has centered around mechanistic or targeted strategies as opposed to traditional cytotoxic chemotherapy (Table 1). While chemotherapy is effective in MF/SS, it is not curative and generally cannot be given over long durations due to cumulative toxicity.


Table 1 | Select Advances in Systemic Therapies in MF/SS.






Brentuximab vedotin

Brentuximab vedotin (BV), an anti-CD30 antibody drug conjugate, was approved by the US FDA and European Union for CD30-positive MF after prior systemic therapy in November 2017 based on the international randomized phase 3 ALCANZA trial (49). In this trial of 131 patients with CD30-positive CTCL (this trial also enrolled patients with primary cutaneous anaplastic large cell lymphoma) who had previously been treated, patients were randomized to receive BV or physician’s choice of methotrexate or bexarotene. The primary endpoint was an objective global response lasting at least four months (ORR4). A greater proportion of patients receiving BV achieved an ORR4 (56% vs. 13%, p<0.0001). In addition, progression-free survival (PFS) was significantly prolonged with BV (17.2 vs. 3.5 months; HR 0.181, 95% CI 0.101-0.324) and patient-reported reduction in symptom burden as measured by Skindex-29 (50) was significantly greater with BV. The duration of skin response in responders to BV was long at 20.6 months, and extended followup showed significantly longer time-to-next-treatment in the BV arm (14.2 vs. 5.6 months; HR 0.7, 95% CI 0.17-0.42) (51). Sub-analyses of the ALCANZA trial and other studies have shown the efficacy of BV even in those with variable CD30 expression (52–55). Real-world results are generally consistent with those of the ALCANZA trial (56).

The development of peripheral neuropathy is a significant limitation to ongoing BV use, occurring in two-thirds of patients in the ALCANZA trial and often resulting in dose modifications (52%) or permanent discontinuation (14%). While over half of patients (59%) experience complete resolution of symptoms, ongoing neuropathy does occur. An ongoing trial of BV at 0.9 mg/kg and 1.2 mg/kg is testing the efficacy of reduced doses in attempts to minimize neuropathy and extend durability of treatment (NCT03587844) (57).

Finally, a recently reported exploratory regimen of BV in combination with romidepsin (NCT02616965) appears safe and effective, with a reported ORR among 15 patients in a phase I trial of 64%. We have not used this regimen and await additional data.





Mogamulizumab

Mogamulizumab, a monoclonal antibody against C-C chemokine receptor 4 (CCR4), is a second agent approved by the US FDA and European Union for the treatment of MF/SS after at least one prior therapy. Approval is based on the international phase 3 MAVORIC trial, comparing mogamulizumab in patients with relapsed or refractory (R/R) MF/SS versus vorinostat (58). In this study of 372 patients, mogamulizumab met the primary endpoint of PFS, with a median of 7.7 versus 3.1 months in the vorinostat group (HR 0.53, 95% CI 0.41-0.69). Mogamulizumab also increased ORR in those with MF (21% vs. 7%) and SS (37% vs. 2%). There was a notable compartmental effect, with greater efficacy in the blood (ORR: 68%) and skin (ORR: 42%) than the lymph nodes (ORR: 17%). Lasting, deep responses (for example, ORR12) can be seen, especially in those with SS (59). Infusion-related reactions (37%) and skin eruptions (25%) are the most common adverse events. Mogamulizumab-associated rash (MAR) is challenging to clinically distinguish from disease; thorough dermatopathology review and T-cell clonality testing needed (60, 61). Patients who develop an on-treatment rash have significantly longer survival, potentially due to a robust immune response and long-term immune control via benign, activated T-cells and macrophages (62, 63). Rash management is non-standard but can be mitigated with topical and systemic steroids (usually followed by a taper), and most patients can resume treatment if discontinuation is needed (61, 64). Methotrexate has been used as a steroid-sparing agent in mogamulizumab-associated rash (61).

Resistance to mogamulizumab has recently been associated with loss of CCR4 expression and emergence of CCR4 genomic alterations (65). Additional efforts building upon a mogamulizumab backbone are ongoing. Examples include magrolimab, a first-in-class anti-CD47 antibody with known efficacy in B-cell lymphoma (66), in combination with mogamulizumab in a phase I/II study (NCT04541017), as well as mogamulizumab in combination with IL-21 expanded NK cells, which are capable of high antibody-dependent cell-mediated cytotoxicity in combination with monoclonal antibodies (NCT0488064) (67).

An important consideration in the use of mogamulizumab is that its use prior to alloSCT (emanating from literature on its use in adult T-cell leukemia/lymphoma) has been shown to increase the risk of steroid-refractory graft-versus-host-disease, non-relapse mortality, and overall mortality, likely due to a deleterious effect on non-malignant T cells such as regulatory T cells (68–71). Some experts avoid mogamulizumab prior to alloHCT (72), whereas others recommend a minimum washout period of at least 50 days to mitigate against this complication (69).





E7777

Denileukin diftitox (marketed as ONTAK) is a recombinant fusion protein combining the cytotoxic and membrane-translocating domains of diphtheria toxin with human IL-2, targeting cells with high-expression of IL-2 receptor (including malignant T cells) and resulting in cell death. Based on a randomized, phase III, placebo-controlled trial, DD was previously approved by the FDA in 2008 for use in R/R CTCL in patients whose tumor expressed the CD25 component of the IL-2 receptor (73). Due to production issues related to bacterial expression and purification changes, DD was voluntarily withdrawn in 2014 and has not been available for clinical use since that time. Manufacturing improvements have resulted in a purified compound (E7777, marketed as Lymphir), which was approved in Japan in 2021 for the treatment of R/R CTCL. This agent is considered a new drug by the US FDA and is seeking approval through a multicenter, open-label, single-arm registrational trial (NCT01871727) (74, 75). In the primary efficacy population (n=69), E7777 resulted in ORR of 36% (8.7% CR), with relative quick time to response (median: 1.4 months) and potential for durability (DOR greater than 12 months in 20%) (75). Infusion reactions (9%) and capillary leak syndrome (10%) were the most common serious adverse events, and nine patients (13%) experienced an event related to visual impairment (no grade 3-5), all adverse events that were previously observed with Ontak (74). No new safety signals were seen with E7777. If approved, E7777 will be a novel, non-cross resistant option in R/R MF/SS.





Lacutamab

Lacutamab is a first-in-class humanized monoclonal antibody targeting the transmembrane protein killer cell immunoglobulin-like receptor 3DL2 (KIR3DL2), which is highly expressed especially in SS (76). In an international dose-escalation and cohort expansion phase I trial of 44 patients with R/R CTCL, lacutamab resulted in an ORR of 36%, with a median DOR of 13.8 months. Responses were overall higher in those with SS (ORR 43%) (77). In seven patients with prior mogamulizumab treatment, six either responded or had stable disease. The most common adverse events were peripheral edema (27%) and fatigue (20%). Infusion reactions are not common. The TELLOMAK trial, an ongoing, international phase II effort (NCT03902184), is evaluating lacutamab in patients with R/R MF/SS in multiple cohorts with varied inclusion criteria (78, 79). Interim evaluation of the cohort of patients with SS (R/R after at least two prior therapies, including mogamulizumab) showed global ORR of 21.6% in 37 patients, with highest responses in the blood (ORR: 37.8%, CR: 21.6%) (78). These results are encouraging in a population previously exposed to mogamulizumab. Lacutamab has been granted FDA Fast Track designation and EMA PRIME designation. The phase II trial is ongoing and we await further results.





Anti-PD1 therapy

Checkpoint blockade has revolutionized the treatment of numerous solid and hematologic malignancies, though has proved challenging in T-cell lymphomas (80). The inhibitory receptor programed cell death protein 1 (PD-1) and its ligand, programmed death-ligand 1 (PD-L1), are widely expressed by malignant T-cell lymphomas and surrounding nonmalignant T cells (81, 82), though PD-1 may function as a haploinsufficient tumor suppressor, and therefore checkpoint inhibitors have the potential to accelerate existing T-cell lymphomas (83). These concerns were borne out in a phase II trial of nivolumab in adult T-cell leukemia/lymphoma (ATLL), in which the first three patients experienced rapid progression after a single infusion (84, 85).

In CTCL, the results have been mixed. In a phase II trial of pembrolizumab in 24 patients with R/R MF/SS, the ORR was 38% with seven partial responses and two complete responses (86). With a median time of response follow-up of 58 weeks, the median duration of response (DOR) was not reached. Among 15 patients with SS, eight experienced worsening of erythema and pruritis soon after starting treatment (after the first cycle), though most were able to remain on treatment with supportive measures (topical steroids) and eventually achieve a response. This worsening was considered a flare reaction and was associated with high expression of PD-1 on circulating Sézary cells. In practice, differentiating flare from hyperprogression is challenging. Separate reports have shown that PD-L1 structural variants, which can be seen in large cell transformation of MF, may predict sensitivity to checkpoint blockade and could prompt consideration for pembrolizumab use in clinical practice (87). Small studies with only preliminary results are evaluating combinations of pembrolizumab with other agents, including pralatrexate and decitabine (88). A second anti-PD-1 agent, durvalumab, has been combined with lenalidomide in phase I study, appearing to be safe with modest activity (89).

Pembrolizumab (nor any other checkpoint inhibitor) is not approved by the FDA for the treatment of MF/SS, but has compendium listing by the National Comprehensive Cancer Network and can be used off-label. We use pembrolizumab in clinical practice in select occasions.





Dimethyl fumarate

Dimethyl fumarate (DMF) is a small-molecule compound approved for use in the treatment of relapsing forms of multiple sclerosis. DMF has varied downstream effects, one of which is NF-κB inhibition, known to be a constitutively active anti-apoptotic transcription factor in CTCL (90). As such, DMF as an agent to restore apoptosis sensitivity was recently demonstrated in a phase II trial of 25 patients with R/R MF/SS (91). DMF was given in escalating doses over the course of nine weeks and continued for a total of 24 weeks. The clinically efficacy was modest, with only five patients achieving the primary endpoint of a decrease in modified Severity-Weighted Assessment Tool (mSWAT) score of at least 50% after 24 weeks. The best overall response in the skin was 30.4%. There was no appreciable change in quality of life or pruritis. The fate of this agent may depend on its ability in combination with additional agents to result in greater response rates. Adverse events of grade 3 or higher are rare with DMF, and the primary side effects are those of gastrointestinal nature.





Other systemic therapies

Cellular therapies remain in early stages in T-cell lymphomas. Interim results of an ongoing study (NCT0450246) of an allogeneic CD70-targeting chimeric antigen receptor T-cell (CAR T-cell) has been reported (92). Patients with R/R peripheral T-cell lymphoma (PTCL) and CTCL were treated at various dose levels following fludarabine plus cyclophosphamide lymphodepletion. In an interim analysis of 15 patients, ORR at dose-level (DL) three was 71% (in three patients with CTCL treated with at DL3, two responses were observed). No dose-limiting toxicities, ≥ grade 3 cytokine release syndrome, or ≥ grade 3 immune effector cell-associated neurotoxicity syndrome were observed. Dose expansion is ongoing. Other targets have been explored to a lesser extent. A registration-directed phase II trial of AFM13, a CD30/CD16A bispecific antibody, in CD30-positive PTCL or transformed MF, has completed enrollment (NCT04101331) (93). Other agents, including CD7- and CD30-directed CAR T-cells, are in various stages of development but not approved for use (94–96). While promising, the role of cellular therapy in T-cell lymphomas is a bit unclear and depends on further investigation.

Other therapies that have been primarily studied in PTCL include romidepsin plus lenalidomide (97), romidepsin plus duvelisib (98), and ruxolitinib (99). Small patient numbers among CTCL cohorts make formal efficacy evaluation of these regimens challenging, though we would consider use in multiply relapsed or refractory disease.

We acknowledge the limitations of this narrative review as opposed to a systematic review or meta-analysis. We aim for the text to provide a broad overview of updates in this therapeutic space.






Conclusions

The treatment of MF/SS, especially advanced-stage disease, is challenging given the absence of reliably curative therapies, potential for high symptom burden with significant impact on quality of life, and frequent need for ongoing systemic therapy. Still, great progress has been made in the last five years, most notably with the approval of BV and mogamulizumab, demonstrated efficacy of pembrolizumab, and ongoing exploration of E7777 and lacutamab. Multiple additional agents, including those for early-stage disease, are under investigation. Continued translation of pre-clinical findings on pathogenesis into therapeutic strategies remains a key tenant to further advance the management of this disease.
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