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Introduction

Primary cutaneous T-cell lymphomas are a group of periph-
eral T-cell lymphomas that primarily involve the skin and
often have different clinical behavior and prognosis from his-
tologically similar systemic lymphomas. Epidermotropic T-

cell lymphomas, i.e. mycosis fungoides and its leukemic vari-
ant, Sézary syndrome, are the most frequent subtypes of pri-
mary cutaneous T-cell lymphomas.1 Clinical management of
epidermotropic T-cell lymphomas is primarily dependent on
their clinical presentation and disease stage2 that strongly cor-
relate with overall prognosis.3 Large-cell transformation of
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The treatment of advanced stage primary cutaneous T-cell lymphomas remains challenging. In particular, large-cell
transformation of mycosis fungoides is associated with a median overall survival of two years for all stages taken
together. Little is known regarding allogeneic hematopoietic stem cell transplantation in this context. We performed
a multicenter retrospective analysis of 37 cases of advanced stage primary cutaneous T-cell lymphomas treated with
allogeneic stem cell transplantation, including 20 (54%) transformed mycosis fungoides. Twenty-four patients (65%)
had stage IV disease (for mycosis fungoides and Sézary syndrome) or disseminated nodal or visceral involvement (for
non-epidermotropic primary cutaneous T-cell lymphomas).  After a median follow up of 29 months, 19 patients
experienced a relapse, leading to a 2-year cumulative incidence of relapse of 56% (95%CI: 0.38-0.74). Estimated 2-
year overall survival was 57% (95%CI: 0.41-0.77) and progression-free survival 31% (95%CI: 0.19-0.53). Six of 19
patients with a post-transplant relapse achieved a subsequent complete remission after salvage therapy, with a medi-
an duration of 41 months. A weak residual tumor burden before transplantation was associated with increased pro-
gression-free survival (HR=0.3, 95%CI: 0.1-0.8; P=0.01). The use of antithymocyte globulin significantly reduced pro-
gression-free survival (HR=2.9, 95%CI: 1.3-6.2; P=0.01) but also transplant-related mortality (HR=10-7, 95%CI: 4.10-

8-2.10-7; P<0.001) in univariate analysis. In multivariate analysis, the use of antithymocyte globulin was the only factor
significantly associated with decreased progression-free survival (P=0.04). Allogeneic stem cell transplantation should
be considered in advanced stage primary cutaneous T-cell lymphomas, including transformed mycosis fungoides.
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ABSTRACT



mycosis fungoides  is a rare event that represents a turning
point in the history of the disease and is associated with a
very poor prognosis.4,5 Advanced stage mycosis fungoides,
and especially transformed mycosis fungoides, usually
show early relapses after chemotherapy, or even after
autologous hematopoietic stem cell transplantation
(HSCT),6 and prolonged complete remissions rarely occur.5
Primary cutaneous CD30-positive anaplastic large cell
lymphoma is a less frequent subtype of primary cutaneous
T-cell lymphoma that, in its disseminated form, shares an
aggressive clinical course.7 Allogeneic HSCT has been
reported in advanced mycosis fungoides and Sézary syn-
drome in retrospective cases or case series,8-13 the 2 largest
including 1910 and 6011 patients. Allogeneic HSCT for
transformed mycosis fungoides has only been reported in
case reports (n=11).8-10,13,14 Even less is known regarding
allogeneic HSCT in other less frequent subtypes of
advanced primary cutaneous T-cell lymphomas (γδ cuta-
neous T-cell lymphoma, n=3;13,15 subcutaneous panni-
culitic T-cell lymphoma, n=2;16,17 CD30-negative primary
cutaneous T-cell lymphoma, n=1;18 primary cutaneous fol-
licular helper T-cell lymphoma, n=119). We report on 37
cases of allogeneic HSCT for advanced stage, relapsed or
refractory primary cutaneous T-cell lymphomas, including
20 cases of transformed mycosis fungoides. 

Methods 

Patients
Data collection and inclusion criteria 

This study was approved by the scientific board of the Société
Française de Greffes de Moelle et Thérapie Cellulaire (SFGM-TC),
and was performed according to institutional guidelines in agree-
ment with the principles of the Declaration of Helsinki.

We retrieved all patients with diagnosis of primary cutaneous T-
cell lymphoma as defined in the World Health Organization
(WHO)-European Organisation for Research and Treatment of
Cancer (EORTC) classification of cutaneous lymphomas1 who
underwent allogeneic HSCT from the French national registry of
the Société Française de Greffe de Moëlle et Thérapie Cellulaire
from July 1st 2002 to February 7th 2013. Diagnostic criteria are
detailed in the Online Supplementary Methods. Patients were includ-
ed if they displayed advanced clinical stage, i.e. IIB or greater, for
mycosis fungoides and Sézary syndrome, as defined by the
revised International Society for Cutaneous Lymphomas (ISCL)-
EORTC classification,2 and N2, N3 and/or M1 for primary cuta-
neous T-cell lymphomas other than mycosis fungoides and Sézary
syndrome, as defined by the ISCL/EORTC classification.20 Written
informed consent for data registration was obtained for each
patient. 

Base-line, pre-transplant and post-transplant 
assessments

Evaluations at baseline and at least monthly during the follow
up included complete history, physical examination, and assess-
ment of the body-surface area involved with patches, plaques, and
tumors. A cytomorphological and immunophenotypical examina-
tion of the peripheral blood lymphocytes to identify circulating
Sézary cells were performed in each case of epidermotropic T-cell
lymphoma.21-23 At baseline (at the time of diagnosis, or of any
large-cell transformation) and three months after allogeneic HSCT,
all patients underwent a staging computed tomography or
positron emission tomography/computed tomography scan, and
any abnormal lymph node was characterized histologically by an

excisional biopsy. Pre-transplant global disease response was
defined by comparing the disease status immediately prior to
HSCT to the disease status before the onset of the last systemic
treatment line before HSCT. This global disease response was
defined as complete response (CR), very good partial response
(VGPR), partial response (PR), stable disease (SD), progressive dis-
ease (PD) according to the international criteria.24 Current status at
last follow up was defined as the disease status at last follow up
compared to the disease status just before allogeneic HSCT, and
assessed with the same criteria (CR, PR, SD and PD).

End points and definitions
Outcome analysis focused on engraftment, transplant-related

mortality, relapse or progression, progression-free survival (PFS),
overall survival (OS), acute and chronic graft-versus-host disease
(GVHD), and disease response at last follow up (CR, PR, SD or
PD). Engraftment was defined as an absolute neutrophil count
greater than 0.5x109/L for three consecutive days. 

Statistical analysis
The database was closed for analysis in April 2013. Probabilities

of PFS and OS were estimated from the time of HSCT using
Kaplan-Meier estimates. The occurrences of engraftment, acute
and chronic GVHD, transplant-related mortality, and progression
were calculated using cumulative incidence estimates taking into
consideration the competing events.25 Factors were tested for their
association with progression, transplant-related mortality, PFS and
OS by Cox regression uni- and multivariate analysis as detailed in
the Online Supplementary Methods. 

Results

Demographics, stage and prior therapies
Demographics and disease stage at diagnosis, prior ther-

apies, and transplantation regimens are listed in Table 1.
Thirty-one (84%) patients had mycosis fungoides or
Sézary syndrome, including 20 (54%) with transformed
mycosis fungoides. Half of the patients (n=18, 49%) had
stage IV disease. In patients with transformed mycosis
fungoides, large T lymphocytes were CD4-positive in all
20 cases and CD30-positive in 10 cases. Two patients with
mycosis fungoides had a past history of associated pri-
mary systemic lymphoma (1 primary nodal diffuse large
B-cell lymphoma, and 1 Hodgkin disease); both systemic
lymphomas were in CR at the time of allogeneic HSCT.
Five patients had primary cutaneous anaplastic large-cell
lymphoma of which 3 were ALK (anaplastic lymphoma
kinase)-1-negative and 1 was ALK-1 positive. ALK-1
immunophenotyping was not performed in the last case.
Out of 6 patients with non-epidermotropic T-cell lym-
phoma, 4 had nodal involvement (N2 or N3) and 3 had vis-
ceral involvement (M1). Patients had received a median of
5 prior systemic therapy regimens (range 2-11 regimens).
All patients with epidermotropic T-cell lymphomas had
failed skin-directed therapies (i.e. steroids, nitrogen mus-
tard, or phototherapy) and methotrexate, retinoids, inter-
feron-alpha and/or monochemotherapy. Twenty-two
patients (59%) had received combination chemotherapy
regimens. 

Donor selection, source of stem cells, conditioning 
regimens, and graft-versus-host disease prophylaxis 

Class I HLA-A, HLA-B, and HLA-C loci and class II
HLA-DRB1 and HLA-DQB1 (molecular typing) were per-
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formed in recipients and potential donors. Unrelated
donors were selected with no more than 1 antigen mis-
match (10 of 10 or 9 of 10 HLA match) except in cord
blood transplants in which HLA-match was 4-6/6 (HLA-A,
HLA-B, HLA-DRB1). Seventeen patients (46%) had sibling
donors, 20 (54%) received allogeneic transplant from
unrelated donors, of which 2 were cord blood units.
Thirty-two patients (86%) received G-CSF-stimulated
hematopoietic stem cells obtained from the peripheral
blood via apheresis and 5 (14%) received bone marrow
grafts. None of the hematopoietic products was depleted
of T cells in vitro. Sixteen patients (43%) received in vivo T-
cell depletion with rabbit antithymocyte globulin. The use
of antithymocyte globulin was mainly dependent on the
local protocol. It was not associated with any donor type:
7 of 17 (41%) patients had antithymocyte globulin among
those who had a sibling donor versus 9 of 20 (45%) among
those who had a matched unrelated donor (P=1, Fisher’s
exact test). Neither was use of antithymocyte globulin
associated with any conditioning regimen: 12 of 25 (48%)
patients had antithymocyte globulin among those who
received a reduced intensity conditioning versus 4 of 12
(33%) among those who received a myeloablative condi-
tioning (P=0.49). Conditioning regimens, sources of stem
cells and GVHD prophylaxis are summarized in Table 1.
Total body irradiation used at 2 Gy (n=4) was well tolerat-
ed in all patients. Total body irradiation used at 10 or 12
Gy (n=10) was associated with local side-effects in 5
patients. Three patients with pre-transplant residual skin
lesions developed erythema and erosive, painful lesions at
the sites of mycosis fungoides lesions. In one case, a skin
biopsy was performed that revealed superficial
radionecrosis. In a fourth case, a dermohypodermitis
occurred at the site of residual mycosis fungoides lesions
(no microbiological documentation, resolution on empiri-
cal antibiotic and antifungal systemic treatments). In the
last case, a superficial candidiasis was noted in the perineal
and perioral areas.

Engraftment
After transplantation, the median time to engraftment

was 17 days (range 12-30 days) and the 30-day cumulative
incidence of engraftment was 91% (95%CI: 81-100%).
Chimerism evaluated on peripheral blood cells at three
months was available in 27 patients. Full donor chimerism
was demonstrated in 23 patients. Three patients had
mixed chimerism, and experienced disease relapse two,
nine and 18 months after HSCT. One patient had autolo-
gous reconstitution with evidence of disease relapse three
months after HSCT.  

Graft-versus-host disease 
Twenty-six (70%) patients developed biopsy-proven

acute GVHD after a median time of 24 days (range 7-68)
after allogeneic HSCT, of which 18 (49%) had grade 2 or
higher acute GVHD. Twenty-two (59%) had acute cuta-
neous GVHD, among them 14 (38%) had stage 1 or 2, and
8 (22%) had stage 3 to 4. The 100-day cumulative inci-
dence of acute GVHD was 76% (95%CI: 61-92%).
Chronic GVHD developed in 15 patients, leading to a 2-
year cumulative incidence of chronic GVHD of 44%
(95%CI: 26-62%). Thirteen patients developed cutaneous
chronic GVHD, of which 8 were extensive and 3 were
sclerodermiform. The conditioning regimen, the use of
antithymocyte globulin and the donor origin had no statis-

Table 1. Patients’ and transplant characteristics (n=37).
Characteristic                                                               Median       N. of patients
                                                                                      (range)                (%)

Gender (male sex)                                                                                                  22 (59)
Age at time of allogeneic HSCT, years                                  44 (9-63)                     
Delay from diagnosis to LCT (n=20), mo                           17 (0-24)                     
Delay from diagnosis to allogeneic HSCT, mo                  39 (5-397)                    
Diagnosis                                                                                                                           
Epidermotropic T-cell lymphoma                                                                       31 (84)
MF/folliculotropic MF                                                                                         5/1 (16)
SS                                                                                                                              5 (14)
Transformed  MF/transformed SS                                                                 19/1 (54)
Primary cutaneous CD30+ ALCL                                                                           5 (13)
PCTCL, not otherwise specified                                                                           1 (3)
Disease TNM stage (WHO-EORTC)                                                                           
Epidermotropic T-cell lymphoma (n=31)                                                              
IIB (T3)                                                                                                                 11 (30)
IIIA (T4)                                                                                                                  2 (6)
IVA1 (B2)                                                                                                                 2 (6)
IVA2 (N3)                                                                                                              11 (30)
IVB (M1)                                                                                                                5 (14)

Transformed MF (n=20)                                                                                             
IIB (T3)                                                                                                                  7 (19)
IIIA (T4)                                                                                                                  1 (3)
IVA1 (B2)                                                                                                                 1 (3)
IVA2 (N3)                                                                                                               9 (24)
IVB (M1)                                                                                                                 2 (6)

Non-epidermotropic T-cell lymphoma (n=6)                                                        
T3N2M0/T2N3M0/T3N3M0                                                                                1/1/1 (7)
T3N0M1/T3N3M1                                                                                                  2/1 (7)

N. of treatment lines before allogeneic HSCT                   5 (2-11)                      
Prior autologous HSCT                                                                                             7 (19)
Disease status at allogeneic HSCT                                                                             
CR/VGPR                                                                                                                  9/9 (49)
PR/PD                                                                                                                       13/6 (51)
Conditioning regimen                                                                                                    
MAC*                                                                                                                         12 (32)
RIC†                                                                                                                            25 (68)
Donor origin                                                                                                                     
Sibling donor                                                                                                           17 (46)
10/10 HLA-matched unrelated donor                                                                 16 (44)
9/10 HLA-matched unrelated donor                                                                     2 (5)
Cord blood                                                                                                                 2 (5)
Source of stem cells                                                                                                      
Peripheral blood                                                                                                     32 (86)
Bone marrow                                                                                                            5 (14)

In vivo T-cell depletion (ATG)**                                                                          16 (43)
Graft-versus-host disease prophylaxis                                                                       
Cyclosporine + mycophenolate mofetil                                                           20 (54)
Cyclosporine + methotrexate                                                                             10 (27)
Other††                                                                                                                       7 (19)

HSCT: hematopoietic stem cell transplantation; LCT: large-cell transformation ; PCTCL: primary
cutaneous T-cell lymphoma; MF: mycosis fungoides; SS: Sézary syndrome; ALCL: anaplastic large-
cell lymphoma; N.: number; CR: complete response; VGPR: very good partial response; PR: partial
response; PD: progressive disease; MAC: myeloablative conditioning; RIC: reduced-intensity con-
ditioning; ATG: antithymocyte globulin; WHO-EORTC: World Health Organization-European
Organisation for Research and Treatment of Cancer. *Including: cyclophosphamide 120 mg/kg
and TBI 12 Gy (n=8); cyclophosphamide 60 mg/kg and TBI 10 Gy (n=1); cyclophosphamide
120 mg/kg, busulfan 6.4 mg/m2 and fludarabine 120 mg/m2 (n=1); thiotepa 500 mg/m2, busul-
fan 6.4 mg/m2 and fludarabine 120 mg/m2 (n=1); etoposide 40 mg/kg, thiotepa 10 mg/kg and
TBI 12 Gy (n=1). † Including: fludarabine 120 mg/m2 and busulfan 6.4 mg/kg (n=13); fludara-
bine 90 mg/m2 and melphalan 140 mg/m2 (n=8), fludarabine 200 mg/m2, cyclophosphamide
50 mg/kg and total body irradiation (TBI) 2 Gy (n=2); fludarabine 150 mg/m2 and TBI 2 Gy
(n=1); fludarabine 150 mg/m2, melphalan 140 mg/m2 and TBI 2 Gy (n=1). **Rabbit antithymo-
cyte globulin, 5 to 7.5 mg/kg. ††Including: cyclosporine alone (n=6), tacrolimus plus methotrex-
ate (n=1).

Allogeneic HSCT for cutaneous T-cell lymphomas
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tically significant impact on acute and chronic GVHD in
univariate analysis.

Transplant-related mortality 
Six patients (16%) died from transplant-related mortali-

ty, leading to cumulative incidences of 18% (95%CI: 5-
31%) at one and two years. The cumulative incidence of
transplant-related mortality was 22% (95%CI: 2-42%) in
patients with transformed mycosis fungoides (n=20). Two
had thrombotic microangiopathy, 1 unspecified pneumo-
nia and vascular stroke, 1 invasive fungal infection, 2 dis-
seminated adenovirus infection. The use of antithymocyte
globulin as in vivo T-cell depletion was the only factor sig-
nificantly associated with a decreased transplant-related
mortality in univariate analysis (HR=1.10-7, 95%CI: 4.10-
8-2.10-7; P<0.001) (Table 2 and Figure 1A). Indeed, no
patient with in vivo T-cell depletion experienced trans-
plant-related mortality. All patients with transplant-related
mortality had acute GVHD, including 4 patients with
grade 3 or 4 acute GVHD. The type of conditioning regi-
men (reduced intensity conditioning vs. myeloablative
conditioning) had no significant impact on transplant-
related mortality in univariate analysis. Of note, among 12
patients who received a myeloablative conditioning, only
1 died from transplant-related mortality. It must be noted
that patients who received a myeloablative conditioning
tended to be younger (mean age 36 years, range 17-56)
than patients who had a reduced intensity conditioning
(mean age 45 years, range 9-63; P=0.05). Patients who
underwent a myeloablative conditioning had received a
mean number of 4 (range 2-7) systemic treatments before
transplant versus 5 (range 2-11) in patients who received a
reduced intensity conditioning (P=0.22). 

Relapse or progression and treatment 
of disease relapse

Nineteen out of 37 patients (51%) experienced progres-
sion after transplantation: extracutaneous progression
(n=4), including lymph node (n=3), blood tumor burden
(n=1, patient with SS), isolated skin involvement progres-
sion (n=15) including localized skin disease (n=5), dissem-
inated plaques or nodules (n=10). Among the 10 patients
with transformed mycosis fungoides who experienced
progression after HSCT, 5 patients relapsed with classical
mycosis fungoides lesions and 5 patients relapsed with
transformed mycosis fungoides lesions. In patients with
post-transplant progression, median time to progression
was ten weeks (range 3-78 weeks). In all cases, an attempt
was made to reduce  immunosuppressive drugs. Six
patients achieved CR after: local radiotherapy (n=1), inter-
feron and donor lymphocyte infusions (n=1), donor lym-
phocyte infusions (n=1), carmustine (n=1), bortezomib
(n=1), bortezomib, donor lymphocyte infusions and local
radiotherapy (n=1). Five patients achieved PR after gemc-
itabine and alemtuzumab (n=1), pentostatin and brentux-
imab vedotine (n=1), local radiotherapy (n=1), pegylated
doxorubicin (n=1), donor lymphocyte infusions (n=1).
Eight experienced disease-associated death. The cumula-
tive incidence of progression was 49% (95%CI: 31-66%)
at 1 year and 56% (95%CI: 38-74%) at 2 years, 43%
(95%CI: 19-67%) at 1 year, and 56% (95%CI: 31-81%) in
patients with transformed mycosis fungoides. The only
factor associated with progression was the use of antithy-
mocyte globulin (HR=4.8, 95%CI: 1.8-12.9; P=0.002)
whereas the presence of pre-transplant CR or VGPR of the
lymphoma disease (HR=0.3, 95%CI: 0.1-0.8; P=0.01) was
associated with a decreased risk of progression in univari-
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Table 2. Overall outcomes, univariate (and *multivariate) analysis according to patients’ and transplantation characteristics.
TRM (%) REL (%) PFS (%) OS (%)

1 Year 2 Years 1 Year 2 Years 1 Year 2 Years 1 Year 2 Years

All 18 18 49 56 39 31 65 57
Age of the recipient
<50 years 15 15 43 49 47 41 76 68
>50 years 23 23 59 67 25 16 46 39
HR (95%CI) 0.5 (0.1-2.7) 0.4 (0.2-1.0) 0.4 (0.2-0.9) 0.3 (0.1-1.0)
P NS NS (P=0.06) 0.03 (0.1*) NS (P=0.05)
Disease type
T-MF 22 22 43 56 39 26 66 60
Other PCTCL 13 13 55 55 39 39 63 52
HR (95%CI) 1.5 (0.3-8.0) 0.8 (0.3-1.9) 0.9 (0.4-2.0) 0.8 (0.3-2.2)
P NS NS NS NS
Disease status at HSCT
VGPR or CR 26 26 24 24 56 56 74 74
PR, SD or PD 11 11 71 83 24 12 56 43
HR (95%CI) 1.9 (0.4-10.0) 0.2 (0.1-0.6) 0.3 (0.1-0.8) 0.4 (0.1-1.3)
P NS 0.004 (0.03*)           0.01 (0.2*) NS (P=0.1)
T-cell depletion
Yes 0 0 79 79 21 10 66 44
No 32 32 26 32 53 46 63 63
HR (95%CI) 1.10-7 (4.10-8-2.10-7) 4.8 (1.8-12.9) 2.9 (1.3-6.2) 1.3 (0.5-3.6)
P <0.001 0.002 (0.02*) 0.01 (0.04*) NS

HSCT: hematopoietic stem cell transplantation; TRM: transplant-related mortality; REL: relapse or progression; PFS: progression-free survival; OS: overall survival; T-MF: transformed
mycosis fungoides; PCTCL: primary cutaneous T-cell lymphoma; VGPR: very good partial response; CR: complete response; PR: partial response; SD: stable disease; PR: progressive
disease; HR: hazard ratio; CI: confidence interval. *Corresponding P value in multivariate analysis.Statistically significant comparisons are indicated in bold.



ate analysis. Chronic GVHD (HR=0.6, 95%CI: 0.2-1.6;
P=0.32) tended to be associated with a protective effect on
the risk of progression in univariate analysis, although this
did not reach statistical significance. The use of antithy-
mocyte globulin and the pre-transplant disease status
were still significantly associated with progression in mul-
tivariate analysis (Table 2 and Figure 1B). 

Progression-free survival 
Fourteen patients (38%) remain alive and progression-

free since allogeneic HSCT. The estimated PFS was 39%
(95%CI: 26-60%) at one year and 31% (95%CI: 19-53%)
at two years in 37 patients, 39% (95%CI: 22-71%) at one
year and 26% (95%CI: 12-60%) at two years in patients
with transformed mycosis fungoides (n=20). The use of
antithymocyte globulin as in vivo T-cell depletion (HR=2.9,
95%CI: 1.3-6.2; P=0.01) led to decreased PFS, whereas age
of the recipient under 50 years (HR=0.4, 95%CI: 0.2-0.9;
P=0.03) was associated with increased PFS. The existence
of a VGPR or CR at HSCT was the most important prog-
nostic factor for increased PFS in univariate analysis
(HR=0.3, 95%CI: 0.1-0.8; P=0.01). In multivariate analy-
sis, the use of antithymocyte globulin and the pre-trans-
plant disease status were the only factors significantly
influencing PFS (Table 2 and Figure 2 A-C).

Overall survival 
After a median follow up for the surviving patients of 29

months (range 3-120 months), 23 patients were alive
(62%) and 14 had died (38%), 8 from disease-associated
death (22%) and 6 from transplant-related mortality
(16%). The estimated OS rate was 65% (95%CI: 50-83%)
and 57% (95%CI: 41-77%) at one and two years, respec-
tively. In patients with transformed mycosis fungoides
(n=20), the estimated OS probability was 66% (95%CI:
47-93%) at one year and 60% (95%CI: 41-88%) at two
years. The disease type and the maximal stage before
HSCT had no significant impact on OS in univariate
analysis. Age of the recipient under 50 years tended to be
associated with increased OS, but this did not reach statis-
tical significance in univariate analysis (HR=0.3, 95%CI:
0.1-1; P=0.05) (Table 2 and Figure 2D).  

Follow up after allogeneic HSCT 
The median follow up after HSCT was 29 months

(range 3-120 months). Out of 19 patients who experienced
a relapse after allogeneic HSCT, 6 achieved subsequent
CR. In all patients with disease relapse, a rapid decrease of
immunosuppressive treatments was attempted. Five of
the 6 patients with secondary CR after a first disease
relapse did not experience a second relapse. They were all
alive in CR at the last follow up, respectively 16 months
after the disease relapse (after having received topical car-
mustine for the mycosis fungoides relapse), 33 months
(after local radiotherapy), 34 months (after donor lympho-
cyte infusions), 4 years (after bortezomib, donor lympho-
cyte infusions and radiotherapy), and 4.5 years (after
bortezomib). One of the patients with disease relapse and
subsequent CR experienced a second disease relapse five
years after the first one, and then a second CR; he was
alive in CR at last follow up three years after the second
relapse. Overall, 20 patients are alive and in CR at the last
follow up. Of 2 patients who received cord blood trans-
plants, one with erythrodermic mycosis fungoides
(T4N1M0B0) died from disseminated adenovirus infection
33 weeks after transplant, and the other one with dissem-
inated (T3N3M1) primary cutaneous anaplastic large-cell
lymphoma is still alive with no evidence of disease relapse
seven years after transplant.

Discussion

To the best of our knowledge, the present study repre-
sents the largest multicenter analysis of allogeneic HSCT
for transformed mycosis fungoides. Most of the patients
(54%) in this study had transformed mycosis fungoides
and 24 (65%) had stage IV disease (for mycosis fungoides
and Sézary syndrome) or disseminated nodal or visceral
involvement (for other types of primary cutaneous T-cell
lymphomas). Transformed mycosis fungoides, all stages
taken together, is associated with a 2-year OS rate of
50%.5 Therefore, the estimated 2-year OS rate of 57% in
our study confirms that allogeneic HSCT is suitable in
advanced stage primary cutaneous T-cell lymphomas,
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Figure 1. Cumulative incidence curves of transplant-related mortality (A) and relapse or progression (B) of 37 patients with advanced primary
cutaneous T-cell lymphoma after allogeneic HSCT. (A) Incidence of transplant-related mortality in 37 patients with advanced primary cuta-
neous T-cell lymphoma, according to the use of T-cell depletion, yes versus no. (B) Incidence of relapse or progression in 37 patients with
advanced primary cutaneous T-cell lymphoma, including 20 patients with transformed mycosis fungoides
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including transformed mycosis fungoides. Nineteen
patients (51%) experienced progression, leading to a 2-year
cumulative incidence of progression of 56%. The relapse
rate was higher than in the studies from Duvic et al. (39%
of 19 patients experienced progression)10 and from Duarte
et al. (3-year cumulative incidence of progression was
47%)11 which could be explained by a higher median fol-
low up in our study than in the Duvic et al. study10 or by
the fact that most of our patients had transformed mycosis
fungoides, which is associated with a higher risk of
relapse.5 In our study, most of the patients who relapsed
had an isolated cutaneous progression (15 of 19 relapses)
and half of the patients with transformed mycosis fun-
goides who relapsed had a non-transformed disease
relapse. The median time to progression was ten weeks,
and 90% of all relapses occurred within the first year after
allogeneic HSCT. Six of the 19 patients who relapsed
achieved a secondary CR after donor lymphocyte infusions
or radio/chemotherapy, with a median duration of 41
months. These findings indicate that patients who under-
went allogeneic HSCT for advanced primary cutaneous T-
cell lymphomas can experience prolonged disease-free sur-
vival after a first disease progression. Overall, after a medi-

an follow up of 29 months, 20 patients were alive and in
CR at the last follow up. In a recent clinical trial investigat-
ing pegylated doxorubicin in advanced stage refractory or
recurrent mycosis fungoides, 72% of the patients had
relapsed after a median follow up of 10.6 months.26 In our
study, 51% of the patients had relapsed after a median fol-
low up of 29 months. These findings could indicate that
allogeneic HSCT leads to a delayed time to progression, by
a possible graft-versus-malignancy effect. Consistent with
this graft-versus-malignancy effect, the relapse rate was
mostly and independently influenced by the residual
tumor burden before HSCT and by the use of antithymo-
cyte globulin as in vivo T-cell depletion. These findings are
in line with the study from Duarte et al.11 who showed that
refractory disease at allogeneic HSCT, and the use of alem-
tuzumab were independent prognostic factors of relapse.
Therefore, the achievement of a complete or very good
partial response just before transplant is critical for lower-
ing the risk of post-transplant relapse. Should this not be
the case, at least the use of antithymocyte globulin should
be avoided in patients with no pre-transplant CR or VGPR. 

We found high rates of acute cutaneous GVHD (59%).
This could suggest antigenic stimulation by residual tumor
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Figure 2. Kaplan-Meier plots of progression-free survival (A-C) and overall survival (D) of 37 patients with advanced primary cutaneous T-cell
lymphoma after allogeneic HSCT. (A) Progression-free survival probabilities according to the use of T-cell depletion with antithymocyte globu-
lin, yes versus no. (B) Progression-free survival probabilities according to the existence of a complete response (CR), very good partial response
(VGPR), partial response (PR) or progressive disease (PD) of the lymphoma at time of allogeneic HSCT, CR/VGPR versus PR/PD. (C)
Progression-free survival probability in all patients (plain lines, estimated probabilities of progression-free survival; dashed lines, 95% confi-
dence intervals). (D) Overall survival probability in all patients (plain lines, estimated probabilities of overall survival; dashed lines, 95% confi-
dence intervals).
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cells in the skin. Regardless of the hematologic malignan-
cy, GVHD is usually associated with prolonged PFS, pro-
viding evidence for a simultaneously present graft-versus-
malignancy effect.27 As GVHD frequently occurs in the
skin, the major tumor site of primary cutaneous T-cell
lymphomas, this phenomenon may also contribute to the
efficacy of allogeneic HSCT in these specific diseases. The
2-year cumulative incidence of transplant-related mortali-
ty of 18% could be regarded as lower than expected, since
the patients were heavily pre-treated. We did not find any
difference in transplant-related mortality associated with
the use of a sibling versus unrelated donor in this study,
which could either suggest that it lacks power, or that the
use of a matched unrelated donor is a suitable option in
allogeneic HSCT for advanced primary cutaneous T-cell
lymphomas. Neither was the use of myeloablative condi-
tioning associated with an increased transplant-related
mortality. However, total body irradiation 10-12 Gy led to
skin complications (infection or superficial radionecrosis)
in some patients with pre-transplant residual skin lesions
in the present study. As the use of reduced intensity con-
ditioning (vs. myeloablative conditioning) has been associ-
ated with an increased OS in patients with advanced cuta-
neous T-cell lymphomas in a previous study,11 reduced
intensity conditioning should probably be preferred. In
this context, the use of total-skin electron beam therapy 1-
2 months before transplant as described by Duvic et al.10

could be interesting to lower the pre-transplant disease
burden while allowing sufficient time for skin healing
before HSCT. 

The 6 patients who experienced transplant-related mor-
tality had not received antithymocyte globulin. The use of
antithymocyte globulin was the only factor associated
with a decreased transplant-related mortality, but also
with a reduced PFS. As previously reported by Duarte et
al.,11 the use of T-cell depletion tended to be associated
with a decreased OS, although this was not statistically
significant. T-cell depletion should probably be avoided in
cases with high pre-transplant tumor burden, and limited
to cases at high risk of GVHD.

Our work has limitations, among which a relatively
small number of patients and heterogeneity in the presen-
tations. The retrospective setting and the heterogeneity of
the conditioning regimens and donor origins also preclude
the generalization of our findings. However, owing to the
extreme scarcity of these diseases, there are very few data

regarding allogeneic HSCT in transformed mycosis fun-
goides.8-10,13,14 We are unaware of published data regarding
allogeneic HSCT in advanced primary cutaneous anaplas-
tic large-cell lymphomas, as this disease rarely leads to vis-
ceral involvement.7 Moreover, we found similar outcomes
after allogeneic HSCT regardless of the subtype of pri-
mary cutaneous T-cell lymphoma, suggesting that our
cohort was quite uniform in terms of prognosis. 

In any case, our results indicate that allogeneic HSCT
remains an interesting treatment option in advanced stage
transformed mycosis fungoides and rare subtypes of pri-
mary cutaneous T-cell lymphomas. Prospective clinical tri-
als will be the only way to confirm the efficacy of allo-
geneic HSCT in this setting, and to ascertain its optimal
timing in the course of the disease.
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