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Abstract

Patients with mycosis fungoides (MF) and Sézary syndrome (SS) often require multiple 

lines of systemic therapy. In the phase 3 MAVORIC study (NCT01728805), mogamulizumab 

demonstrated superiority to vorinostat in median progression-free survival (PFS) and confirmed 

overall response rate (ORR) in patients with MF/SS. This post hoc analysis examined the effects 

of number and type of prior systemic therapies on mogamulizumab response. MAVORIC patients 

randomized to mogamulizumab (1.0 mg/kg intravenously weekly) or vorinostat (400 mg orally 

daily) were grouped by number of prior therapies and immunomodulatory activity of immediate 

prior systemic therapy while also considering time elapsed since treatment. ORR, PFS, and 

duration of response (DOR) did not vary with number of prior therapies. ORR and DOR remained 

consistent regardless of immediate prior therapy type. Additionally, immunomodulatory activity 

of the last prior therapy and time from prior treatment generally did not affect the ORR or PFS 

observed in response to mogamulizumab.
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Introduction

Cutaneous T-cell lymphomas (CTCL) are a rare class of non-Hodgkin lymphomas 

associated with significant morbidity and decreased quality of life from pain, itching, and 

disfigurement [1–3]. The overall incidence of CTCL in the United States in 2011–2012 

was 0.4 per 100,000 persons, with an estimated 1690 new cases diagnosed in 2016 [4]. 

Mycosis fungoides (MF), the most common CTCL subtype, is frequently characterized by 

an indolent clinical course; Sézary syndrome (SS) is a rarer, more aggressive leukemic 

CTCL subtype [5]. Together, MF and SS account for approximately 65% of CTCL cases [6].

Less advanced stages of MF, which are often indolent, are initially treated with skin-

directed therapy, while systemic therapies are used as later-line therapy for patients who 

prove refractory to skin-directed therapies and as primary treatment for patients with 

more advanced skin disease and/or systemic disease [7–9]. Advanced CTCL has a poor 

prognosis and often a median survival <63 months [10]. Systemic therapies such as 

retinoids (e.g. bexarotene, acitretin), histone deacetylase (HDAC) inhibitors (vorinostat, 

romidepsin), methotrexate, extracorporeal photopheresis (ECP), brentuximab vedotin, and 

interferons are often chosen over more conventional chemotherapy because of their less 

severe immunosuppression and lower rates of cumulative toxicities limiting duration of 

therapy, with multi-agent chemotherapy often reserved for patients whose disease has 
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proved refractory to multiple prior therapies [8,11]. Systemic therapies represent a wide 

range of mechanistic approaches. Therapies with immunostimulatory mechanisms include 

interferon, whose proposed mechanisms in MF and SS include enhancement of T- and 

natural killer (NK)-cell cytotoxicity and inhibition of regulatory T-cell activity, and ECP, 

in which leukocytes are collected from whole blood, irradiated, and then reinfused into the 

patient, resulting in apoptosis of NK and T cells [12,13]. Lenalidomide, which has been 

shown to increase the activation and proliferation of both CD4T cells and NK cells, is also 

generally considered immunostimulatory [14–17]. The rexinoid bexarotene is considered an 

immune-neutral therapy and has been shown to decrease the viability of CTCL tumor cells, 

likely by arresting proliferation due to activation of the p53/p73 pathway [18]. The classes of 

conventional chemotherapies and methotrexate are considered immunoinhibitory. Although 

methotrexate is wellknown as a folate antimetabolite that inhibits S-phase proliferation, 

it also has an anti-inflammatory mechanism, inhibiting prostaglandin E2 release and 

neutrophil chemotaxis [19–23]. The specifics of its mechanism as an effective CTCL 

treatment have not yet been fully explained. HDAC inhibitors such as vorinostat and 

romidepsin appear to exert both pro- and antiimmune effects. For example, suppression 

of adaptive immunity may occur via their antiproliferative effects on tumor cells through 

promotion of cell cycle arrest and apoptosis and downregulation of innate immune receptor 

expression, which alters activation and function of dendritic and NK cells [24,25]. HDAC 

inhibitors have also been shown to enhance tumor cell recognition and promote the cytotoxic 

activity of NK cells by upregulating expression of stimulatory surface ligands and adhesion 

molecules, as well as tumor-associated antigens and MHC class I and II molecules [26,27].

Systemic therapy in MF/SS too often provides only modest benefit, with patients often 

experiencing disease relapse or progression during treatment [28–31]. In the ALCANZA 

study, for example, 56% of brentuximab vedotin-treated patients achieved an objective 

response lasting at least 4 months, compared to 13% of patients treated with physician’s 

choice, and the median progression-free survival (PFS) was 17.2 months vs 3.5 months [32]. 

However, 59% of patients treated with brentuximab vedotin received at least one subsequent 

therapy, and peripheral neuropathy is a known adverse effect with brentuximab vedotin that 

may preclude its long-term use [32]. Given the limited number of treatments available and 

the chronicity of the disease, patients may cycle through multiple therapies to maintain 

disease control, highlighting the need for new effective therapies with non-cross-resistant 

mechanisms of action for patients [28,31].

Mogamulizumab, a first-in-class, defucosylated immunoglobulin G1 (IgG1) monoclonal 

antibody directed against C-C chemokine receptor 4 (CCR4), was first approved as 

monotherapy in Japan for treatment of relapsed or refractory CCR4-positive adult T-cell 

leukemia-lymphoma (ATL) in 2012 and for treatment of relapsed or refractory CCR4-

positive CTCL in 2014 [33–37]. In 2018, mogamulizumab gained approval in the United 

States, Europe, and Japan for the treatment of relapsed or refractory MF or SS after at 

least one prior systemic therapy [33,34,37–40]. CCR4, which is involved in trafficking of 

lymphocytes to skin, is consistently overexpressed on the surface of tumor cells in CTCL 

[34]. Mogamulizumab selectively binds to CCR4, which promotes crosslinking between 

membrane-bound Fc gamma receptors (FcγRs) on nonspecific effector cells, including 
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NK cells, to the CCR4+ target cell, enhancing cytotoxic activity and causing lysis of the 

antibody-targeted cell [41,42].

MAVORIC (NCT01728805) was an open-label, randomized, controlled, international phase 

3 study that demonstrated that in patients with relapsed/refractory MF/SS, mogamulizumab 

was superior to vorinostat in median PFS (7.7 vs 3.1 months, p < .0001) and confirmed 

overall global response rate (ORR [complete response (CR) plus partial response (PR)]; 

28% vs 5%, p < .0001) [35]. These efficacy results were obtained in a heavily pretreated 

population, who had received a median of 3 prior systemic therapies (range 0–18). To 

optimally apply these data on mogamulizumab in clinical practice, it is reasonable to 

investigate whether more heavily pretreated patients respond in a similar fashion to those 

with a history of fewer prior systemic therapies. In addition, given the mechanism of 

action of mogamulizumab, we sought to understand whether the type of prior therapy 

could influence response to mogamulizumab. For example, in vitro studies in which 

T-cell lymphoma cell lines were treated with HDAC inhibitors, including vorinostat and 

romidepsin, demonstrated a decrease in CCR4 surface and mRNA expression levels along 

with a decrease in mogamulizumab-induced cytotoxicity [43]. CCR4 expression was also 

significantly reduced in skin samples from patients with primary CTCL who had received 

treatment with vorinostat [43]. Further, a decline in cytolytic function of NK cells was 

observed in patients with CTCL after three cycles of romidepsin treatment, with a similar 

finding observed in NK cells from healthy donors after in vitro treatment with romidepsin 

[24]. Given that mogamulizumab’s mechanism of action is dependent on intact NK or 

effector cell activity in patients as well as retained CCR4 expression, we sought to determine 

whether these in vitro findings translate to the clinic and whether the immune effects of 

prior systemic therapies or time from the last systemic treatment impact mogamulizumab’s 

efficacy [41,42].

Methods

Study design

A post hoc analysis of data from the MAVORIC study, an open-label, randomized, 

controlled, international, phase 3 trial, was conducted [35]. The detailed methodology of 

this trial has been published previously [35]. Briefly, patients enrolled in MAVORIC had 

stage IB-IVB, histologically confirmed, relapsed or refractory MF or SS and had failed 

(refractory, progression, or toxicity) at least one previous systemic therapy [35]. Patients 

were randomized 1:1 to receive mogamulizumab (1.0 mg/kg, administered intravenously 

once weekly for 5 weeks, then every 2 weeks) or vorinostat (400 mg daily, administered 

orally) until disease progression, unacceptable toxicity, drug intolerance, or other criteria 

for treatment discontinuation were met [35]. Patients on vorinostat for at least two cycles 

who showed disease progression or grade ≥3 adverse events (excluding inadequately 

treated nausea, vomiting, diarrhea, and alopecia) despite dose reduction and appropriate 

management could cross over to treatment with mogamulizumab [35]. The analysis 

described here was performed on the intent-to-treat (ITT) population, defined as all patients 

randomized to receive a therapy. The study was approved by institutional review boards or 
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independent ethics commissions at each site in accordance with the Declaration of Helsinki. 

All patients provided written informed consent.

Assessments/outcome measures

ORR was based on a global composite response score in each of four disease compartments 

(skin, blood, lymph nodes, and viscera) [44], confirmed at two consecutive visits [35], 

and was assessed for patient cohorts that had received 1, 2, 3, 4, 5, or ≥6 prior systemic 

therapies, cohorts divided by type of prior therapy, and cohorts divided by immune activity 

of the immediate prior therapy and time since most recent prior therapy. PFS was defined 

as the time from randomization until documented disease progression or death due to any 

cause [35] and was assessed for cohorts defined by number of prior therapies, by type of 

prior therapy, and by immune activity of immediate prior therapy and time since most recent 

prior therapy. Duration of response (DOR) was defined as the time from first achievement 

of an overall response to progression or death and was assessed for patient cohorts defined 

by the most recent prior therapy. Based on the experience and judgment of these authors, 

systemic therapies given to patients immediately prior to mogamulizumab in MAVORIC 

were retrospectively assigned to immune activity categories (immunostimulatory, immune-

neutral, or immunoinhibitory, with HDAC inhibitors categorized alone, as shown in Table 1), 

and the time between the stop date of the immediate prior therapy and the date of the first 

mogamulizumab treatment was determined. Immediate prior therapy was determined by the 

last treatment date for systemic therapy. Analyses to assess the effect of prior treatment in 

subgroups of patients with or without blood involvement at baseline were also conducted. 

Patients with missing or partially missing dates of immediate prior systemic therapy and 

those who did not receive mogamulizumab after randomization were excluded from the 

analysis group.

Statistical analysis

PFS and ORR were analyzed using Cox proportional hazards and logistic regression 

models, respectively, with disease type, disease stage, region (United States, Japan, and 

Rest of World), time from immediate prior therapy to first treatment with mogamulizumab, 

immunomodulatory activity, and interaction term between time from immediate prior 

therapy and immunomodulatory activity as covariates.

Results

Number of prior therapies

The overall MAVORIC population was heavily pretreated, with 29% of all enrolled 

patients having received ≥5 prior systemic regimens. Among patients randomized to 

mogamulizumab, 30.1% of patients had received ≥5 prior systemic therapies, with similar 

findings in patients with less advanced (Stage IB/II) and more advanced (Stage III/IV) 

disease (Table 2). The median number of prior treatments was 3.0 (range 1–18).

Prior systemic therapy

The most common systemic therapies used to treat patients with MF/SS immediately prior to 

their enrollment in MAVORIC and randomization to mogamulizumab were oral bexarotene 
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(n = 46; 25%), chemotherapy (n = 44; 24%), methotrexate (n = 20; 11%), interferon (n 
= 17; 9%), ECP (n = 16; 9%), and romidepsin (n = 16; 9%), representing data from 

a total of 159 patients. Patients had similar confirmed ORRs regardless of the specific 

immediate prior therapy received (oral bexarotene, 20%; chemotherapy, 27%; methotrexate, 

30%; interferon, 29%; ECP, 25%; romidepsin, 38%), which was also seen in patients with 

any prior exposure to an HDAC inhibitor (22%, n = 49) and in those who were HDAC 

inhibitor-naïve prior to enrollment in the study (30%, n = 137) (Figure 1(A)). Median PFS 

observed in patients treated with oral bexarotene immediately prior to mogamulizumab 

treatment was 5.8 months; with conventional chemotherapy, 9.4 months; with methotrexate, 

9.4 months; with interferon, 11.2 months; with ECP, 10.3 months; and with romidepsin, 5.1 

months (Figure 1(B)). In patients with prior exposure to an HDAC inhibitor (regardless of 

sequence), median PFS was 5.4 months, and in patients who were HDAC inhibitor-naïve, 

it was 9.4 months (Figure 1(B)). Patients treated with oral bexarotene immediately prior 

to mogamulizumab treatment experienced a DOR of 10.3 months; those treated with 

conventional chemotherapy, 10.1 months; patients treated with methotrexate, 13.6 months; 

patients receiving interferon, 9.4 months; those receiving ECP, 13.0 months; and patients 

treated with romidepsin, 9.6 months (Figure 1(C)). Number and type of prior treatments 

did not differentially affect ORR, PFS, or DOR in patients with or without baseline blood 

involvement (data not shown).

Type of and time since immediate prior systemic therapy

We also examined the impact of the immunomodulatory activity of the last prior systemic 

therapy used and the time from the last dose of the immediate prior therapy to the 

start of mogamulizumab treatment on response to mogamulizumab. Thirtythree patients 

had received immunostimulatory agents, 55 had received immune-neutral agents, 49 had 

received immunoinhibitory agents, and 13 patients were treated with HDAC inhibitors as 

their last systemic therapy prior to receiving mogamulizumab. Patient cohorts were generally 

similar with respect to demographics and disease characteristics across the four immediate 

prior systemic therapy types (Table 3). The median time from the immediate prior systemic 

therapy was 44 days among patients randomized to mogamulizumab (range 9–1094 days). 

Confirmed ORR, PFS, and DOR observed in cohorts receiving agents assigned to the 

categories of immunostimulatory, immune-neutral, or immunoinhibitory agents or HDAC 

inhibitors immediately prior to mogamulizumab treatment are shown in Table 3. According 

to the results of a logistic regression model, compared with the immune-neutral group, there 

was no significant relationship between immunostimulatory therapies (χ2=3.06, p = 0.08) 

or HDAC inhibitors (χ2=1.36, p = 0.24) and ORR (Table 4). There did appear to be a 

statistically significant relationship between immunoinhibitory therapies (χ2=4.28, p = 0.04) 

and ORR compared with the immune-neutral group (Table 4). Additionally, ORR showed no 

statistically significant relationship with the interaction term between time from immediate 

prior therapy and immunostimulatory therapies (χ2=1.57, p = 0.21), immunoinhibitory 

therapies (χ2=1.68, p = 0.19), or HDAC inhibitors (χ2=1.24, p = 0.27) (Table 4). The 

results of a Cox proportional hazard model showed that compared with the immune-neutral 

group, there was also no statistically significant interaction between immunostimulatory 

therapies (χ2=0.51, p = 0.48), immunoinhibitory therapies (χ2=0.0002, ip=0.99), or HDAC 

inhibitors (χ2=0.22, p = 0.64) and PFS. Similarly, PFS showed no statistically significant 
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relationship with the interaction term between time from immediate prior therapy and 

immunostimulatory therapies (χ2=1.40, p = 0.24), immunoinhibitory therapies (χ2=0.001, p 
= 0.97), or HDAC inhibitors (χ2=2.97, p=0.09) (Table 4).

Discussion

The MAVORIC phase 3 study results demonstrated that patients with MF/SS who were 

treated with mogamulizumab experienced a significantly longer median PFS (7.7 months 

[95% CI 5.7–10.3]), an improved ORR (28% [95% CI 21.6, 35.0]), and a longer median 

DOR (14.1 months [95% CI 9.4, 19.2]) compared with patients treated with vorinostat 

(median PFS 3.1 months [2.9, 4.1]; ORR 5% [2.2, 9.0]; median DOR 9.1 months [4.7, 

−]) [35]. Post hoc analyses of the MAVORIC data suggest that the number of prior 

therapies, the specific immediate prior therapy, and the type of prior systemic therapy did 

not impact confirmed ORR, PFS, or DOR in mogamulizumab-treated patients with MF/SS 

in MAVORIC. When MAVORIC patients randomized to mogamulizumab were stratified by 

number of prior therapies, there was no observable effect on ORR, PFS, or DOR regardless 

of how many prior systemic therapies were administered. All patient groups experienced 

efficacy similar to the ITT population, a pattern that was seen regardless of the presence 

of blood involvement at baseline. Furthermore, the immediate prior systemic therapy did 

not significantly affect response rates or the duration of those responses, as response rates 

were generally similar whether the patient had received prior methotrexate, bexarotene, 

interferon, or the other most common immediate prior therapies [35]. For subjects with 

MF/SS, mogamulizumab appears to be effective regardless of resistance to or time from 

other available systemic treatments [35].

Published preclinical data have suggested that treatment with HDAC inhibitors could lead 

to a downregulation of HDAC-regulated CCR4 expression in lymphoma cells, which could 

attenuate the effects of mogamulizumab treatment [24,43]. The overall response in patients 

randomized to mogamulizumab whose immediate prior therapy was an HDAC inhibitor was 

31%. In patients treated with romidepsin immediately prior to mogamulizumab, ORR was 

38%, and in those who had had any prior exposure (regardless of sequence) to an HDAC 

inhibitor, ORR was 22%. These findings are consistent with the ORR of 31% previously 

reported in patients from MAVORIC who crossed over from vorinostat to mogamulizumab 

(n = 133) [35]. Moreover, these overall response findings are similar to the ORR observed 

in the ITT population, 28%, and in the population of HDAC inhibitor-naïve patients, 30%. 

Taken together, these results suggest that any effect of HDAC inhibitors on CCR4 or NK cell 

activity was not clinically meaningful for subsequent mogamulizumab-treated patients.

When mogamulizumab treatment was examined in relation to the immediate prior systemic 

therapy’s effect on the immune system, no statistically significant impact on either the ORR 

or PFS was observed, with the exception of the impact of immunoinhibitory therapies on 

ORR (although the exploratory nature of these analyses suggests that additional data would 

be needed to confirm this effect). There was also no observed impact on ORR or PFS 

of the time elapsed between the stop date of the immediate prior therapy and the start of 

mogamulizumab therapy.
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Although the overall MAVORIC study population was large enough to allow post hoc 
subgroup analyses designed to investigate specific questions, the number of patients within 

certain treatment groups must be considered when assessing the findings from this post 

hoc analysis. The numbers of patients in each prior systemic therapy group were relatively 

small, precluding a multivariate analysis and limiting the strength of the conclusions. The 

MAVORIC study was not specifically powered to detect differences between subgroups of 

patients receiving different prior systemic therapies. As a result, analysis examined only the 

treatment immediately prior to mogamulizumab treatment, without fully considering other 

past treatments or the sequence of prior treatments, which could have also affected the 

outcome of mogamulizumab therapy. The time elapsed from the immediate prior systemic 

therapy was also not controlled, and as a result, potentially impactful biologic or immune 

effects of the immediate prior therapy may have been reduced or resolved by the time of the 

first mogamulizumab treatment.

Overall, this post hoc analysis demonstrated that clinical response to mogamulizumab 

treatment in the MAVORIC trial was generally consistent regardless of the number of 

prior therapies, the specific prior systemic therapy, or the type of prior systemic therapy. 

Importantly, prior treatment with HDAC inhibitors, which are thought to downregulate 

CCR4, did not negatively affect response rates to mogamulizumab. Further research is 

required to identify whether there is an optimal sequence for mogamulizumab therapy in 

the treatment of relapsed/refractory MF and SS patients; however, this analysis does not 

show any change in efficacy of mogamulizumab dependent on the previous sequence of 

treatments.
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Figure 1. 
(A) Confirmed global ORR, (B) median PFS, and (C) DOR to mogamulizumab by 

immediate prior systemic therapy and prior HDAC inhibitor exposure (ITT population). CR: 

complete response; DOR: duration of response; ECP: extracorporeal photopheresis; HDAC: 

histone deacetylase; ORR: overall global response rate; PFS: progression-free survival; PR: 

partial response.
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