
Vol.:(0123456789)

International Journal of Hematology 
https://doi.org/10.1007/s12185-024-03753-9

ORIGINAL ARTICLE

Allogeneic hematopoietic stem cell transplantation 
after mogamulizumab in T‑cell lymphoma patients: a retrospective 
analysis

Mary Jo Lechowicz1 · Christy Smith2 · Robert Ristuccia3 · Karen Dwyer4

Received: 8 August 2023 / Revised: 22 February 2024 / Accepted: 6 March 2024 
© The Author(s) 2024

Abstract
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is an important therapy for patients with T-cell lymphomas, 
including cutaneous T-cell lymphoma (CTCL), adult T-cell lymphoma (ATL), and peripheral T-cell lymphoma (PTCL). 
Mogamulizumab is an anti-CCR4 antibody that has been associated with an increased risk of transplant-related complications 
in retrospective analyses of ATL, particularly when administered within 50 days before transplantation. This post hoc analysis 
of 3 clinical trials examined safety and outcome data for 32 patients with CTCL (n = 23), ATL (n = 7), or PTCL (n = 2) who 
underwent allo-HSCT after mogamulizumab treatment. Overall, 22 patients (69%) were known to have graft-versus-host 
disease (GVHD), 8 patients (25%) did not report GVHD, and 2 patients (6%) had unknown GVHD status. Fourteen patients 
with known GVHD underwent transplantation between 50 and 365 days after their last dose of mogamulizumab, while 2 
underwent transplantation within 50 days after treatment. Based on this limited evidence, GVHD was not associated with 
the time interval from last mogamulizumab dose to transplantation.
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Introduction

Non-Hodgkin lymphomas (NHLs) have a global incidence 
of approximately 3% [1]. T-cell lymphomas account for 
approximately 10% to 15% of NHLs and encompass a vari-
ety of heterogenous disease subtypes [2]. Peripheral T-cell 
lymphoma (PTCL) originates from mature T cells and makes 
up approximately 6% of T-cell lymphoma cases [2, 3]. Adult 
T-cell leukemia/lymphoma (ATL) is a rare and aggres-
sive subtype of PTCL associated with infection by human 
T-cell lymphotropic virus type 1, which results in cutane-
ous lesions in approximately half of cases [3]. Cutaneous 

T-cell lymphoma (CTCL) only accounts for approximately 
4% of T-cell lymphoma cases and can affect skin, blood, 
lymph nodes, or internal organs [2, 3]. Subtypes of CTCL 
include mycosis fungoides (MF), which is characterized 
by skin patches, plaques, or tumors, and Sézary syndrome 
(SS), which is a rare and aggressive subtype characterized by 
erythroderma, lymphadenopathy, and blood involvement [3].

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is an important therapeutic option for patients with 
relapsed or refractory PTCL and ATL [4]. While allo-HSCT 
has led to prolonged remission in patients with CTCL, post-
transplant patients can exhibit increased rates of relapse 
and graft-versus-host disease (GVHD) [4, 5]. Therefore, in 
CTCL, allo-HSCT is generally limited to young, otherwise 
healthy patients with aggressive, advanced-stage disease [5].

Mogamulizumab is an anti-CCR4 antibody that demon-
strated safety and efficacy in the treatment of adult patients 
with relapsed or refractory MF or SS following at least one 
prior systemic therapy in the phase 3 MAVORIC study [6]. 
It has also been studied in patients with ATL and PTCL [7, 
8]. CCR4 is expressed by regulatory T (Treg) cells, which 
are responsible for the immune response in GVHD, sug-
gesting that mogamulizumab’s anti-CCR4 activity could 
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exacerbate GVHD by depleting Treg cells [9]. Following 
mogamulizumab approval in Japan, a retrospective analy-
sis found that mogamulizumab-exposed patients with ATL 
had an increased risk of grade 3–4 acute GVHD [9]. The 
results also indicated that risk of GVHD-related compli-
cations increased and clinical outcomes were negatively 
impacted in patients who received their last dose of mogam-
ulizumab < 50 days before allo-HSCT compared to patients 
with longer intervals. Additional retrospective studies have 
also suggested a role for mogamulizumab in the develop-
ment of transplant complications following allo-HSCT 
[10–13]. These studies evaluated the approved Japanese 
mogamulizumab dose of 1 mg/kg once weekly for 8 weeks, 
while the international studies retrospectively reviewed here 
evaluated doses of 1 mg/kg once weekly for 4 weeks, then 
twice weekly for subsequent cycles [6, 10–16].

The objective of this post hoc analysis was to report safety 
and outcome data for patients with CTCL, ATL, or PTCL 
who underwent allo-HSCT after receiving mogamulizumab.

Materials and methods

This was a post hoc analysis of 3 international clinical tri-
als (NCT01611142, NCT01626664, and NCT01728805) in 
patients with CTCL, ATL, or PTCL who were randomized 
to receive mogamulizumab 1 mg/kg IV weekly for 28 days 
and then biweekly during subsequent cycles [6, 14, 15]. Full 
methodologies for these clinical trials have been previously 
published.

This retrospective study evaluated patients who under-
went allo-HSCT after receiving mogamulizumab with a 
transplant cutoff date of September 1, 2017. Patient records 
were examined to describe baseline characteristics and trans-
plant details, including human leukocyte antigen matching, 
allo-HSCT conditioning regimens, GVHD prophylaxis reg-
imens, and GVHD characteristics. All analyses presented 

are descriptive. No hypothesis testing was conducted given 
the small sample sizes and the retrospective nature of the 
study. Original studies obtained Institutional Review Board 
Approval at the time they were conducted.

Results

Baseline characteristics

Of 271 patients who received mogamulizumab in the 3 clini-
cal trials, 32 patients underwent allo-HSCT after mogam-
ulizumab treatment between 2013 and 2017 (CTCL, n = 23; 
ATL, n = 7; PTCL, n = 2), and their baseline characteristics 
are presented in Table 1. Twenty-two patients were identi-
fied in the United States, 3 in the United Kingdom, 2 each 
in France and Spain, and 1 each in Japan, the Netherlands, 
and Switzerland.

Among the 23 patients with CTCL, 13 (57%) had a diag-
nosis of MF, and 10 (43%) had a diagnosis of SS. Thirteen 
patients (57%) with CTCL were stage IVA at study entry, 
1 of whom had transformed MF with primary stage IV dis-
ease. The mean (SD) number of mogamulizumab infusions 
was 11.3 (10.8) in patients with MF (median [range] 9 [2, 
43]) and 15.8 (16.2) in patients with SS (median [range] 
8 [3, 49]). Among patients with ATL, 3 patients (43%) 
each had lymphomatous or acute disease, and 1 patient had 
chronic disease. Four patients (57%) with ATL were stage IV 
at study entry, 1 patient was stage II, and 2 patients did not 
have reported stages. Two patients with PTCL were included 
in this study, one of whom had stage III disease at study 
entry and the other of whom had stage IV disease.

Allogeneic HSCT

Human leukocyte antigen (HLA) matching was based on 
peripheral blood for 21 of the 32 patients (66%), bone 

Table 1   Characteristics of patients who underwent Allo-HSCT after mogamulizumab treatment

ATL adult T-cell leukemia/lymphoma, CTCL cutaneous T-cell lymphoma, HSCT hematopoietic stem cell transplantation, MF mycosis fungoi-
des, moga mogamulizumab, PTCL peripheral T-cell lymphoma, SD standard deviation
a Includes 1 patient with transformed MF

All patients
(N = 32)

CTCLa

(n = 23)
ATL
(n = 7)

PTCL
(n = 2)

Age, years Mean (SD) 53.0 (13.1) 57.3 (10.2) 46.3 (13.8) 31.0 (12.7)
Median (range) 56.0 (22.0, 76.0) 59.0 (38.0, 76.0) 50.0 (23.0, 63.0) 31.0 (22.0, 40.0)

Male, n (%) 18 (60.0) 14 (60.0) 2 (30.0) 2 (100.0)
Number of moga infusions Mean (SD) 13.0 (13.0) 13.3 (13.3) 8.3 (4.0) 26.0 (26.9)

Median (range) 8.0 (2.0, 49.0) 8.0 (2.0, 49.0) 8.0 (4.0, 15.0) 26.0 (7.0, 45.0)
Time from last dose to trans-

plant, days
Mean (SD) 306.8 (197.7) 301.8 (180.0) 313.1 (229.1) 343.0 (422.8)
Median (range) 273.5 (16.0, 805.0) 282.0 (16.0, 677.0) 192.0 (169.0, 805.0) 343.0 (44.0 642.0)



Allogeneic hematopoietic stem cell transplantation after mogamulizumab in T‑cell lymphoma…

marrow for 6 patients (19%), and was unknown for 5 patients 
(16%) (Fig. 1a). HLA-matched donors were related for 17 
patients (53%) and unrelated for 11 patients (34%); relation-
ship status was unknown for 4 patients (13%) (Fig. 1b). The 
most common conditioning regimens used in this patient 
population were fludarabine (21 patients [66%]), busul-
fan (11 patients [34%]), and melphalan (9 patients [28%]) 
(Fig. 2a). Among the 21 patients treated with fludarabine, 
12 (57.1%) were also treated with busulfan and 6 (28.6%) 
were also treated with melphalan (Fig.  2b). The most 
common GVHD prophylaxis agents used in this patient 

population were tacrolimus (19 patients [59%]), methotrex-
ate (12 patients [38%]), and cyclosporine (9 patients [28%]) 
(Fig. 3a). Ten (52.6%) of the patients treated with tacrolimus 
were also treated with methotrexate and 5 (26.3%) were also 
treated with mycophenolate mofetil (Fig. 3b).

GVHD

Overall, 22 patients (69%) experienced GVHD, 8 patients 
(25%) reported no GVHD, and GVHD status was unknown 
for 2 patients (Supplemental Fig.  1A). Among those 

Fig. 1   a Allo-HSCT donor 
transplant source and (b) 
donor type. ATL adult T-cell 
leukemia/lymphoma, CTCL 
cutaneous T-cell lymphoma, 
HSCT hematopoietic stem cell 
transplantation, MF mycosis 
fungoides, PTCL peripheral 
T-cell lymphoma, SS Sézary 
syndrome. aIncludes one patient 
with transformed MF
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patients who experienced GVHD, 6 patients (27%) had 
grade 3 GVHD, and 2 patients (9%) had grade 4 (Supple-
mental Fig. 1B). Detailed information on the 8 patients with 
severe GVHD is provided in Supplementary Table 1. Both 
instances of grade 4 GVHD involved the intestinal tract, and 
1 of these instances was reported to be steroid refractory. In 
those patients with grade 3–4 GVHD, 4 patients (50%) had 
related donors and 4 patients (50%) had unrelated donors. 
GVHD was reported as acute/hyperacute in 13 instances and 
chronic in 5 patients (including some patients with both) and 
was not described in 9 instances. Acute versus chronic status 
was known for only 11 instances in CTCL, 4 instances in 

ATL, and 2 instances in PTCL, with most instances being 
grade 1 acute GVHD. One instance of grade 3 hyperacute 
GVHD involving the skin along with grade 2 GVHD of 
the gut was reported in a patient with stage IV PTCL. This 
patient had undergone allogeneic transplant 44 days after 
their last mogamulizumab infusion and had conditioning 
with thiotepa, fludarabine, and busulfan. Tacrolimus and 
rapamycin were used for GVHD prophylaxis.

Patients with CTCL experienced 3 instances of grade 
3–4 acute GVHD and no instances of grade 3–4 chronic 
GVHD. When MF and SS were examined separately, there 
were 8 patients (61.5%) with MF with GVHD of any grade 

Fig. 2   a Agents used in condi-
tioning regimensa. b Selected 
conditioning regimen combi-
nations. ATG​ antithymocyte 
globulin, ATL adult T-cell 
lymphoma, CTCL cutaneous 
T-cell lymphoma, ICE ifosfa-
mide, carboplatin, etoposide, 
MF mycosis fungoides, PTCL 
peripheral T-cell lymphoma, 
TBI total body irradiation, 
TLI total lymphoid irradia-
tion, TSEBT total skin electron 
beam therapy. aReported agents 
based on retrospective chart 
review. Some are known not 
to be utilized for conditioning 
(eg, ICE, cyclosporine); some 
agents may be used in combina-
tion. bIncludes one patient with 
transformed MF
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(3 [20.0%] with grade 3–4 GVHD) and 8 patients (80%) 
with SS with GVHD (2 [20.0%]) with grade 3–4 GVHD). 
Patients with ATL experienced 1 instance of grade 3–4 
chronic GVHD and no instances of grade 3–4 acute GVHD. 
One patient with PTCL experienced grade 3–4 acute GVHD, 
and no other grade 3–4 GVHD was reported. Seven patients 
(31.8%) who experienced GVHD had fludarabine + busulfan 
for conditioning and tacrolimus + methotrexate for GVHD 
prophylaxis.

Among all patients with known GVHD, mean (SD) time 
from last mogamulizumab infusion to transplant was 281.3 
(191.7) days (median [range], 233.0 [16.0, 677.0] days). In 
patients with MF who experienced GVHD, the mean time 
was 269.6 (150.5) days (median [range], 265.0 [54, 509]), 

compared with 301.7 (224.5) days (219.0 [16.0, 677.0]) 
for patients with SS. Mean (SD) time since last mogamuli-
zumab infusion in patients with no grade 1–2, or grade 3–4 
GVHD, was 380.4 (227.3), 280.3 (173.8), and 261.3 (221.0), 
respectively (median [range] 297.5 [133, 805], 293.5 [16, 
642], and 195 [44, 677], respectively). Two patients with 
known GVHD underwent transplant < 50 days after their last 
dose of mogamulizumab. One patient with CTCL under-
went transplant 16 days after mogamulizumab and experi-
enced GVHD of grade 2 in the skin and grade 1 in the skin, 
abdomen, colon, and eye. One patient with PTCL under-
went transplant 44 days after mogamulizumab and experi-
enced GVHD of grade 3 in the skin and grade 2 in the gut 
(described in detail above). Of 19 patients who underwent 

Fig. 3   a Agents used in the 
GVHD prophylaxis and/
or treatment of GVHDa. b 
Selected combination regimens 
for GVHD prophylaxis and/
or Treatment. ATG​ antithymo-
cyte globulin, ATL adult T-cell 
lymphoma, CTCL cutaneous 
T-cell lymphoma, MF mycosis 
fungoides, PTCL peripheral 
T-cell lymphoma. aReported 
agents based on retrospective 
chart review; some are not 
known to be utilized for prophy-
laxis (e.g., F 652, penicillin V 
potassium, prednisolone, rux-
olitinib, sulfamethoxazole and 
trimethoprim, and valacyclovir). 
bIncludes one patient with trans-
formed MF
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transplant between 50 and 365 days after their last dose of 
mogamulizumab, GVHD occurred in 14 of them, 5 of whom 
had grade 3–4 GVHD. Six patients who underwent trans-
plant over 365 days after their last dose of mogamulizumab 
also experienced GVHD. Additional information on time 
since last mogamulizumab infusion is shown in Fig. 4.

Follow‑up status

At last follow-up, 22 patients (69%) were still alive (median 
[range] follow-up, 998.0  days [131.0, 1592.0]), and 9 
patients had died. Deceased patients had a median (range) 
survival time at last follow-up of 290.0 days (15.0, 761.0).

Discussion

In this retrospective study, patients who underwent allo-
HSCT after receiving mogamulizumab had generally favora-
ble outcomes. GVHD did not seem to be associated with 
any meaningful difference in time from last mogamulizumab 
dose from our limited sample. Most patients with known 
GVHD underwent transplant between 50 and 365 days after 
their last mogamulizumab dose, and only 2 patients with 
known GVHD underwent transplant < 50 days after their 
last dose of mogamulizumab. The purpose of this study 
was to examine an experience in other tumor types using 

mogamulizumab and allogeneic transplant. While it is dif-
ficult to answer the question of whether there is any dif-
ference in risk between different T-cell tumor subtypes or 
related to the interval between mogamulizumab treatment 
and allogeneic transplant with this data set, there may be 
a suggestion that there is no significant difference, anec-
dotally. However, several factors critical to the interpreta-
tion of the current data set need to be considered. First, the 
number of patients with transplant < 50 days after their last 
mogamulizumab treatment is relatively small (only 2 in the 
present study compared with 42 in the paper published by 
Fuji et al., likely due to the recommendation provided in that 
paper to wait at least 50 days before transplant). There were 
also meaningful differences in the median time between the 
last dose of mogamulizumab and transplant between the two 
studies (273.5 days vs 45 days). Overall, these findings sug-
gest a need for further evidence to establish an association 
between GVHD and interval from last mogamulizumab dose 
to transplant. It is hoped that the Center for International 
Blood and Marrow Transplant Research (CIBMTR) study, 
a noninterventional cohort study evaluating nonrelapse mor-
tality and toxicities in patients with CTCL or ATL treated 
with mogamulizumab pre- or post-allo-HSCT for patients 
transplanted that started in 2012, will be able to provide 
more information about posttransplant outcomes in this pop-
ulation. That said, the time since last mogamulizumab infu-
sion was slightly longer in patients without GVHD relative 
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to those with GVHD, which suggests a possible relationship 
that should be explored further.

In published literature, patients with ATL who underwent 
allo-HSCT experienced grade 3–4 acute GVHD at rates of 
approximately 14% to 20% [17]. Rates of chronic GVHD 
for patients with PTCL who undergo allo-HSCT have been 
reported to be between 30 and 60%, but additional findings 
are limited, as PTCL has relatively low survival rates [18]. 
Data on the role of allo-HSCT in CTCL are also limited, 
and no prospective trials have been performed to date. Ret-
rospective registry analyses on allo-HSCT in CTCL include 
the 2010 and 2021 European Society for Blood and Mar-
row Transplantation (EBMT) studies, the 2014 CIBMTR 
study, and the 2020 Japanese Society for Hematopoietic Cell 
Transplantation study [19–23]. These retrospective registry 
studies of CTCL report rates of acute GVHD at 35% to 87% 
and chronic GVHD at 32% to 48% [19–23].

This analysis did not report any instances of grade 3–4 
acute GVHD in ATL or chronic GVHD in PTCL. Rates of 
grade 3–4 acute and chronic GVHD for patients with CTCL 
were low, further limiting comparison. However, rates of 
grade 2–4 acute GVHD among patients with CTCL in this 
analysis (17%) were comparable to rates of grade 2–4 acute 
GVHD in patients who underwent allo-HSCT and did not 
receive mogamulizumab reported in the literature (16%), 
although it is important to note that this information was not 
available for all patients [24].

While this retrospective analysis did not include transla-
tional data to shed light on the potential mechanism, it has 
been hypothesized that Treg suppression following mogam-
ulizumab administration may contribute to GVHD risk [9]. 
After mogamulizumab treatment, Tregs remain suppressed 
for 3 to 4 months [10], which may impair the establish-
ment of immune tolerance after transplant. Consequently, 
a longer interval between the last mogamulizumab infusion 
and transplant should lessen the risk as it allows more time 
for Treg recovery.

This analysis showed that multiple different condition-
ing regimens were used prior to transplant. Similarly, there 
was no consistent pattern regarding GVHD prophylaxis. A 
comparison with the paper published by Fuji et al. on GVHD 
in patients with ATL who underwent transplant after moga-
mulizumab treatment would be useful but, unfortunately, the 
specific regimens were not reported and so this comparison 
is not possible. These findings suggest that there is little 
consensus in this analysis regarding the optimal conditioning 
and prophylaxis regimens for this patient population.

This study has several limitations that should be con-
sidered when assessing these results. Patients were drawn 
from multiple other clinical studies that were not designed to 
assess transplant outcomes; therefore, the population is very 
heterogenous. For example, there was a considerable amount 
of variability in conditioning regimens and treatment/

prophylaxis regimens for GVHD. Likewise, the way these 
regimens were recorded in patient charts was not standard-
ized. Taken together, these factors limit the ability to draw 
strong conclusions about how they might have affected out-
comes. As a retrospective study, some data that could be 
considered important for this analysis were reported incom-
pletely or were missing. Endpoints of interest that were not 
available or incomplete included age of allo-HSCT donor, 
data on patient HLA matching, timing between transplant 
and onset of GVHD, duration of GVHD, measurements of 
plasma drug concentrations during washout, and posttrans-
plant survival data. Additionally, patient follow-up was lim-
ited, as data for these patients were available for only a short 
time. The observational nature of this analysis prevents the 
drawing of firm conclusions around optimal conditioning 
or GVHD prophylaxis regimens, particularly because some 
agents may not have been appropriately classified. Moreo-
ver, allo-HSCT is more commonly reserved for patients with 
relapsed or refractory PTCL and ATL rather than CTCL, 
which comprises the largest percentage of patients in this 
population. To better assess allo-HSCT outcomes accord-
ing to FDA postmarketing requirements, investigations seek-
ing prospective data with a larger sample size are currently 
being conducted with the goal of identifying patients who 
may benefit from earlier allo-HSCT without advanced dis-
ease at diagnosis.

In conclusion, in this cohort of patients who underwent 
allo-HSCT after treatment with mogamulizumab, patients 
had generally favorable outcomes, although the small num-
ber of patients with transplant < 50 days after their last 
mogamulizumab infusion limits the conclusions that can be 
drawn around the effect of time since last drug infusion on 
GVHD risk. Our retrospective examination of time since 
infusion in all patients suggests relatively little difference in 
GVHD risk based on last mogamulizumab infusion in this 
majority non-ATL population. Multiple different condition-
ing regimens were used, but there was little consensus on the 
optimal conditioning regimen for CTCL patients undergo-
ing allo-HSCT. An ongoing observational study being con-
ducted by CIBMTR (NCT04014374) will assess posttrans-
plant outcomes in patients with CTCL or ATL who were 
treated with mogamulizumab and should provide more data 
around the impact of the timing of transplant after treatment.
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