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Introduction

Cutaneous T-cell lymphomas (CTCL) are a heterogeneous 
group of non-Hodgkin lymphoma (NHL) that originate 
from skin-homing or skin-resident T-cells. Mycosis 
fungoides (MF) and Sézary syndrome (SS) comprise the 
majority of cases accounting for 70–75% of all newly 
diagnosed CTCL with the median age at diagnosis of 
55–60 years (1,2). Staging of MF and SS through the 
TNMB (tumor, node, metastasis, blood) staging system 
continues to be the most important prognostic tool (3,4), 
and approximately 70% of cases present with early stage 
(IA–IIA) disease (4,5). Stage IA and IB disease are associated 
with 5-year overall survival (OS) rates of 96–99% and 
75–86%, respectively (4,5). Treatment options for early 
stage disease include expectant management or skin 

directed therapies such as topical steroids, topical nitrogen 
mustards, light therapy and radiation (6). Advanced stage 
CTCL carries with it a much less favorable prognosis and 
often warrants systemic therapy (6). In a recently published 
series of 1,275 patients with advanced disease (stage IIB or 
greater), the median OS was just 63 months, with 2 and 
5-year survival rates of 77% and 52%, respectively. Median 
survival for stage IIB disease was 68 months, 48 months 
for stage IVA, and 33 months for stage IVB (7). Treatment 
options include, but are not limited to bexarotene, 
vorinostat, romidepsin and most recently, brentuximab 
vedotin (for CD30+ MF) and mogamulizumab-kpkc. 
Unfortunately, for these agents and others the overall 
response rates (ORRs) are averaging only 30–40% with 
limited durations of response. Excellent reviews on systemic 
therapies are widely available (6,8,9), but beyond the scope 
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of this review (it is discussed in detail in this issue’s review of 
systemic chemotherapy of CTCL by Dr. Alpdogan). Several 
other systemic therapies are recommended by the National 
Comprehensive Cancer Network (NCCN), the European 
Organization for Research and Treatment of Cancer 
(EORTC), and other cutaneous lymphoma consortiums. 
Similarly, the NCCN and the EORTC as well as the 
American Society of Blood and Marrow Transplantation 
(ASBMT) list allogeneic hematopoietic stem cell transplant 
(HSCT) as an option for advanced stage CTCL, which as 
of this writing remains the only potential curative treatment 
option (9-11). 

In this review we first discuss the advancements HSCT 
transplantation has made in recent years. We then focus 
on the role of HSCT in advanced CTCL. To date there 
remains no randomized published control trials of HSCT 
versus systemic treatment; thus, this review is limited 
to published data consisting of small case series and 
retrospective analyses. We will conclude this review with 
our recommendations. 

HSCT: advancements 

High-dose chemoradiotherapy followed by HSCT is a 
potentially curative modality for a variety of hematologic 
disorder that are incurable with conventional dose 
chemotherapy (12). We consider that using less intensive 
conditioning regimens, progress in alternative donor 
transplantation including haploidentical and cord blood 
stem cell transplantation, development of better T-cell 
depletion methods including CD34+ cell purification and 
progress in post-transplant immunosuppressive therapy the 
major advancements in the last two decades.

Development of less intensive conditioning regimens

These  approaches  do  not  use  dose  in tens i ty  o f 
chemotherapy/radiation therapy to eradicate malignancy. 
Rather they use immunosuppressive agents, irrespective 
of their anti-neoplastic properties, to facilitate donor 
lymphoid and stem cell engraftment. The donor lymphoid 
elements then destroy the residual normal and malignant 
lymphohematopoietic elements allowing the transition to 
complete donor chimerism (13,14). This type of transplant 
has been dramatically effective in chronic myeloid leukemia, 
chronic lymphocytic leukemia, and follicular lymphoma in 
its original application and may have utility in other diseases 
as well (13-16). This approach disproved the earlier dogma 

in the transplant community that engraftment required 
the administration of high dose, highly toxic, and lethally 
ablative conditioning regimens to sufficiently destroy the 
host immune system to avoid graft rejection. Although used 
for various patient populations, reduced intensity transplant 
has broadened the applicability of HSCT to older patients 
and to patients with comorbidities who otherwise would not 
tolerate the rigors of a fully myeloablative HSCT (17,18).

Regimens that are not lethally myeloablative have 
generated consistent engraftment using immunosuppressive 
drugs such as fludarabine in combination with other 
chemotherapeutic agents such as melphalan, busulfan or 
low dose total body irradiation (TBI) (16-18). Alternative 
reduced intensity approaches using low dose irradiation 
and a synergistic immunosuppressive combination of 
cyclosporine and mycophenolate mofetil have produced 
comparable results (19). Although graft-versus-host disease 
(GVHD) was particularly problematic, this regimen 
provides proof of principle that reduced intensity HSCT is 
a promising treatment for older patients and those patients 
with significant comorbidities.

Approaches to alternate donors and progress in 
haploidentical HSCT

A barrier to the application of  reduced intensity 
transplantation in hematologic malignancies is the 
availability of donors. Only 30% of patients in North 
America who may benefit from HSCT will have a human 
leukocyte antigens (HLA)-matched sibling donor. 

In the last  two decades ,  new developments  in 
haploidentical HSCT have made it a viable alternative 
donor option. In selected centers, haploidentical HSCT has 
produced excellent results in patients with hematological 
malignancies. Murine and human hematopoietic stem 
cells are able to decrease alloreactivity of cytotoxic T-cells, 
which is called “veto cell activity” (20,21) and immune 
tolerance can be induced by using high doses of stem cells 
especially in major histocompatibility complex (MHC)-
mismatched donor/host combinations (22). Aversa et al. 
successfully used a mega-dose of CD34+ stem cells with an 
enhanced myeloablative and immunosuppressive protocol 
in haploidentical transplantation, which resulted in high-
level engraftment of MHC disparate stem cells (23). 

Although almost all patients engrafted well, transplant 
related mortality still remained high because of increased 
risks of infection (24,25). On the other hand, missing MHC 
class I molecules in recipients of haploidentical HSCT 
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induced donor NK cell activity, which is directly linked to 
“killer cell immunoglobulin like receptors (KIRs)”. Ruggeri 
et al. showed donor-versus-recipient NK cell activity 
could eliminate leukemic relapse and graft rejection (26). 
Transplantation from NK-alloreactive donors was associated 
with significantly lower relapse rate and survival in patients 
with acute myeloblastic leukemia (27). Using the cytokines 
during stem cell collection would also improve outcome 
of the transplant. Huang et al. reported a large group of 
patients with successful engraftment and relatively low 
treatment related mortality (TRM) by using granulocyte 
colony stimulating factor (G-CSF) primed bone marrow 
and peripheral blood stem cells (28). The Peking University 
group recently reported the largest haplo-HSCT study 
using unmanipulated G-CSF primed bone marrow and 
peripheral blood stem cells in 756 acute leukemia patients 
with successful outcomes (29). 

Strategies to induce lymphocyte tolerance in HSCT

The removal of lymphocytes from the donor product has 
been critical to avoid the lethal GVHD that would occur 
due to the high degree of HLA disparity in partially-
matched related HSCT. If there was a mechanism to add 
donor lymphocytes to the transplant process without 
causing significant GVHD, morbidity from graft rejection, 
infection, and relapse (three significant contributors to 
morbidity in this type of transplant) would likely decrease. If 
donor-host tolerance could be established at the time of the 
transplant, the removal of T- cells would not be necessary. In 
this scenario, haploidentical HSCT could be infused into the 
recipient as long as tolerance was established. There is data 
regarding the immune modulating effects of many drugs, 
such as cyclophosphamide (CTX) which may be exploited to 
create immune tolerance and immune modulation of donor 
lymphocytes in the transplant inoculum (30-32). 

Utilizing CTX

CTX is a well-known alkylating chemotherapeutic 
medication and is widely used as a part of myeloablative 
protocols in combination with TBI. Luznik et al. showed 
in the preclinical murine HSCT experiments that post-
transplant CTX (PT-CTX) administration resulted in a 
durable engraftment in the recipients of MHC-matched 
and -mismatched donors after non-myeloablative regimens 
(32-35). O’Donnell and colleagues reported that partially 
HLA-mismatched bone marrow could provide rapid and 

stable engraftment after PT-CTX (36). Recently, the 
Bone Marrow Transplant Clinical Trials Network (BMT-
CTN) evaluated the efficacy of haploidentical HSCT with 
PT-CTX and double cord blood transplantation. They 
found similar efficacy between these alternative donor-
transplants (37). Ciurea et al. with data from the Center for 
the International Blood and Marrow Transplant (CIBMTR) 
showed that survival for patients with acute myeloid leukemia 
after haploidentical transplantation with PT-CTX is 
comparable with matched unrelated donor transplantation (38). 
Grosso et al. modified this approach to give cyclophosphamide 
after administration of a fixed dose of donor T-cells to induce 
tolerance prior to stem cell transplantation (39). 

The utility of stem cell transplantation in 
patients with CTCL

Autologous HSCT in CTCL

Retrospective data showed autologous stem cell transplant 
had excellent ORR with the majority of cases achieving a 
complete response (CR) (37-39). However, 75% of these 
cases relapsed with the median time to disease progression 
of a mere 2.3 months (40). Graft T-cell depletion prior 
to autologous transplant unfortunately also showed 
high relapse rates attributed to compromised cytotoxic 
response post-transplant (41). In a meta-analysis by Wu 
et al., superior OS rates and event free survival rates were 
observed with allogeneic transplant over autologous (42). 
Given this data, autologous transplant is no longer sought 
as a treatment modality for these patients. 

Allogeneic HSCT in CTCL 

Allogeneic HSCT for advanced stage CTCL dates back as 
early as the 1980s (42) and several publications have since 
indicated that HSCT could provide a cure in patients with 
a previously incurable disease (Table 1). We will now review 
in detail 6 of the largest and most recently published case 
series followed by a brief summary of what we have learned 
about HSCT for CTCL to date. 

In 2010, two of the largest reports to date were published 
in the Journal of Clinical Oncology just four months apart. 
The first by Duvic et al. at the MD Anderson Cancer Center 
details the outcomes of 19 patients over a 7-year span with 
CTCL prospectively treated with HSCT using a reduced 
intensity-conditioning (RIC) regimen (53). Subsequently 
in 2015, Hosing et al. published the updated results and the 

http://www.discoverymedicine.com/category/species-and-cell-types/human/blood/granulocyte/
http://www.discoverymedicine.com/tag/g-csf/
http://www.discoverymedicine.com/category/species-and-cell-types/human/bone-marrow/
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results of 28 additionally treated patients (47 total) (49). 
Forty-two of these patients received tumor debulking in the 
form of total body skin electron beam radiation (TBSEB) 
with 36 Gy over an 8-week course just prior to transplant. 
All patients had advanced CTCL (stage IIB or higher) with 
a median age of 51.5 years. Only patients who received 
unrelated (24) or mismatched (2) grafts received in vivo 
T-cell depletion using anti-thymocyte globulin (ATG) as 
a part of their conditioning. Most of the patients were in 
either CR (15%) or partial response (PR) (60%) prior to 
transplant.

The Kaplan-Meier estimated OS at 4 years was 51% 
and the estimated 4-year progression-free survival (PFS) 
was 26%. PFS was superior in patients who had SS vs. 
those with MF (72.7% vs. 11.5%; P=0.04), but there 
were no OS differences. The 4-year PFS in patients with 
MF with large cell transformation (LCT) was dismal at 
8.6%. The cumulative non-relapse mortality (NRM) 
rate was 10.4% and 16.7% at 1 and 2 years, respectively. 
Contrary to other studies, the authors were not able to 
show an increased risk of relapse/progression (REL) with 
the use of ATG. The cumulative incidence grade III–
IV acute GVHD was 10%. The cumulative incidence 
of  chronic  GVHD was  28%. The most  common 
organ involved was the skin. At the time of their 2015 
updated results with a median follow-up after HSCT of  
2 years, 27/47 patients were alive; of these patients, 20 had 
CR, 1 had a PR, 3 had stable disease, and 3 had progressive 
disease. A total of 22 patients received additional therapy of 
which 8 achieved a second CR. 

The second major publication in 2010 came from Duarte 
et al. from the European Society for Blood and Marrow 
Transplantation (EBMT) when they published one of the largest 
multi-center retrospective analyses of 60 patients with advanced 
stage CTCL with a median age of 46.5 years (54). Only ten 
patients had <10% residual disease at time of HSCT, and 16 
patients (27%) received myeloablative condition regimens 
(MAC). The initial publication was of limited follow-up of 
36 months reporting an estimated OS of 66% at 1-year and 
54% at 3 years, but in 2014 they published their extended 
analysis reporting on OS rates of 46% and 44% at 5 and 
7 years, respectively (47). PFS was reported at 32% and 
30% at 5 and 7 years, respectively. A total of 27 patients 
(45%) experienced REL at a median of 3.8 months after 
HSCT and the 7-year NRM was 22%. Only 2 of these 27 
patients had relapsed after 2 years suggesting that HSCT 
provides long-term disease control. MAC was associated 
with poorer NRM [hazard ratio (HR), 4.5; 95% CI,  

1.43–14.15; P=0.0101] and OS (HR, 2.99; 95% CI,  
1.40–6.36; P=0.0046) while RIC was not associated with 
higher incidence of REL. Forty (67%) of these patients 
were classified as having an “advanced phase” of disease 
course (defined as third or later CR, PR or REL, and 
those whom were primary refractory to systemic therapy). 
Patients with this defined “advanced phase” or a higher 
disease burden prior to HSCT and patients receiving T-cell 
depletion carried a higher risk of REL. Out of 17 patients 
whom received donor lymphocyte infusion (DLI) for REL, 
10 responded with 8 CR. Twenty-seven patients were alive 
(45%) and 26 of 27 patients were in CR at the last follow-
up visit.

In 2012, Paralkar et al. published their experience on 12 
patients with advanced stage CTCL whom were HSCT 
recipients between 2004 and 2010 at The University 
of Pennsylvania (45). Seven of the patients had HLA-
identical sibling donors and 10 received RIC. The median 
age at transplant was 53 years. Two patients (1 RIC) 
died within the first 100 days of transplant and of the 
other 10 patients who survived to 100 days, 8 reached 
CR. Four out of these 8 CR patients relapsed between  
8–13 months after transplant of which 2 achieved a second 
CR by tapering immunosuppression and DLI. At the time 
of publication with a median follow-up of 24 months, five 
patients remained in CR. The Kaplan-Maier estimated 
2-year OS was 58%, and the estimated median OS was  
37 months. Acute GVHD developed in 9 of 12 patients with 
four patients developing grade III–IV GVHD. Six patents 
developed GVHD of the skin half of which were grade III. 
GVHD was the cause of death in one patient. 

Recently, Lechowicz et al. analyzed the CIBMTR 
data, which included outcomes of 129 patients, reported 
between 2000–2009 (48). Most of the patients had relapsed/
refractory disease. Sixty-four percent received non-
myeloablative/RIC conditioning regimens. NRM at 1 and  
5 years was 19%. Risk of disease progression was 50% (95% 
CI, 41–60%) at 1-year and 61% (95% CI, 50–71%) at  
5 years. OS at 1 and 5 years was 54% (95% CI, 45–63%) 
and 32% (95% CI, 22–44%), respectively. 

de Masson and colleagues from the French Society 
of Bone Marrow Transplantation (FSBMT) and French 
Study Group on Cutaneous Lymphomas published their 
experience on 37 cases of HSCT for advanced stage CTCL. 
One caveat was the fact that many patients (54%) had LCT-
MF (46). The median age was 44 years and 24 patients 
(66%) had stage IV disease. Seventeen patients (46%) had 
sibling donors, and 20 (54%) received their transplant from 
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unrelated donors (2 cord blood). The use of ATG in 16 
(43%) patients was driven by local protocol. No regimens 
constituted depletion of T cells in vitro. RIC was used in 25 
(68%) of patients. 

After a median follow-up of 29 months, 23 patients were 
alive (62%) and 14 had died (38%); 8 (22%) from disease 
REL and 6 (16%) from NRM. The type of conditioning 
regimen had no significant impact on NRM in univariate 
analysis. The estimated 1 and 2-year OS rates were 65% and 
57%, respectively. The estimated PFS was 39% at 1 year 
and 31% at 2 years. For LCT-MF (n=20), 1 and 2-year PFS 
were 39% and 26%, respectively. In total, 19 (51%) patients 
experienced REL after transplantation with a median time 
to progression of 10 weeks. Ninety percent of all relapses 
occurred within the first year after HSCT. While 8 of these 
19 patients died from REL, 6 patients went on to achieve 
a second CR and 5 patients experienced at least PR with 
additional therapy after their REL. Pre-transplant CR 
or very good PRs was associated with a decreased risk of 
REL in univariate analysis. The absence of ATG was the 
only factor significantly associated with NRM in univariate 
analysis. Interestingly, also in multivariate analysis the use 
of ATG was the only factor significantly associated with 
decreased PFS suggesting that intact immune system is 
required for the graft-versus-lymphoma activity. 

The most recently published study provided by Cudillo 
et al. details a retrospective cohort of 16 patients treated 
with HSCT with a 76-month median follow-up (52). With 
a median age of 54 years, 10/16 patients received RIC 
conditioning regimens, and ATG was used in mismatched 
or matched unrelated donors. Only 11 patients were 
evaluable for efficacy as 5 patients had died early in their 
treatment course including 3 patients treated with RIC and 
4 patients dying from complications of GVHD. However, 
for those alive the REL rate was just 20% at 1-year and 
27% at 10 years. Remarkably, 9/16 patients were alive 
while 8 remained in CR at the 76-month median follow-up. 
For all patients the probability of OS was 61% (95% CI,  
40–91%) and 54% (95% CI,  33–86%),  at  1-  and  
10-year post-transplant, respectively. At relapse, DLI was 
incorporated in four patients treated with RIC. Two of 
these 4 patients responded with minimal and no GVHD, 
respectively. Of the 2 patients whom did not respond to 
DLI, 1 died from GVHD complications. 

One very interesting finding described by the authors 
was the clinical outcomes measured at “an interval time 
from diagnosis to transplant less than or greater than  
46 months”, which was their median time observed in 

their 16-patient cohort. The OS at both 1 and 10 years 
was 88% (95% CI, 67–100%) for patients transplanted 
less than 46-months from diagnosis. The OS was 37% 
(95% CI, 15–92%) and 25% (95% CI, 8–83%) at 1 and 
10 years, respectively, for patients transplanted greater 
than 46 months from diagnosis (log-rank P<0.04) [HR 
7.26; 95% CI, 0.86–60.95; P<0.068]. Similarly, they found 
the probability of disease-free survival (DFS) at 1 year to 
be 73% (95% CI, 47–100%) and at 10 years to be 58% 
(95% CI, 32–100%), for patients undergoing transplant 
less than 46 months from diagnosis which was significantly 
worse than the DFS of 13% at both 1 and 10 years (95% 
CI, 2–78%) for patients transplanted at greater than 46 
months (log-rank P<0.05), [HR 3.68; 95% CI, 0.91–14.87; 
P<0.067]. 

What we have learned from these and prior 
publications utilizing HSCT for CTCL 

Choice of conditioning regimen 

As previously described RIC has significantly decreased the 
NRM in NHL (17,18). Duarte et al. showed higher NRM 
and poorer OS with MAC with no impact on relapse-free 
survival. Using only RIC in their cohort of 47 patients, 
Hosing et al. (49) demonstrated an estimated 4-year 
OS of 51%. According to de Masson et al., the choice 
of conditioning regimen had no statistically significant 
impact on TRM or efficacy. Ten out of the 12 patients 
described by Paralkar et al. (45) received RIC with 42% 
alive with sustained clinical responses at a median 22-month 
follow-up. At a median follow-up of 32 months Shiratori  
et al. reported an estimated 3-year OS of 85.7% and PFS 
of 44.4% in which all nine patients received RIC (50). 
Lechowicz et al. (48) reported the data from the CIBMT 
from 2000–2009. In total 83 patients received RIC (64%). 
OS was 56% and 41% at 1 and 3 years, respectively for 
RIC and 51% and 31%, respectively, for MAC. NRM at  
1 year was 19% and at 5 years was 22%. NRM did not 
differ significantly between RIC and MAC cohorts. These 
data suggest that MAC has not improved outcomes and is 
not necessary for patients with advanced stage CTCL.

T-cell depletion

de Masson and colleagues from the FSBMT group reported 
the use of ATG in 43% of their patients (which was driven 
by local protocol and was not associated with any specific 
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donor type) was the only factor significantly associated 
with a decreased TRM (HR 1.10−7; 95% CI, 4.10−8 to 
2.10−7; P<0.001) as all 6 of the patients whom died during 
autologous stem cell transplantation (ASCT) did not receive 
ATG. On the contrary ATG was the only factor associated 
with increased risk of REL (HR 4.8; 95% CI, 1.8–12.9; 
P=0.002). The EBMT groups also showed that receiving 
T-cell depletion carried a higher risk of REL (HR 2.48; 95% 
CI, 1.15–5.35; P=0.0207) (54). However, Hosing et al. (49)  
were not able to show a similar increased risk of REL 
with ATG. Yet, in their cohort 42 (89%) patients received 
TBSEB radiation therapy just prior to HSCT, of whom 
25 (60%) achieved a CR in the skin. We conclude with the 
EBMT and French group data that in vivo T-cell depletion 
may affect the outcome of the disease. 

Disease status prior to transplant 

Very good PR or CR prior to HSCT was the most 
important prognostic factor for increased PFS in univariate 
analysis (HR 0.3; 95% CI, 0.1–0.8; P=0.01) in the report by 
de Masson. Duarte et al. (47) reported only 10/60 patients 
had <10% residual disease at time of HSCT. However, 
they did report patients with a lower disease burden prior 
to HSCT had a lower cumulative incidence of REL compared 
with those with a higher disease burden (P=0.04). TBSEB 
was administered prior to transplantation in their prospective 
protocol in the reports by Duvic et al. (53) and Hosing  
et al. (49) Although they did not comment on the statistical 
significance of having a CR prior to transplant, they did report 
a post-HSCT CR rate of 58%. With this data we may conclude 
that minimal disease prior to transplant is most ideal, but not a 
strict requirement to harness the graft-versus-lymphoma effect. 

Timing of transplant 

It is important to note again the additional observations 
made by Duarte et al. (47) in that patients with what they 
defined as “advanced disease” phase (the definition of 
which is detailed above) at HSCT had an increased risk 
of REL [HR 3.07; 95% CI, 1.15–8.20; P=0.0249], lower 
PFS (HR 3.26; 95% CI, 1.43–7.47; P=0.0051) and worse 
OS [HR 3.72; 95% CI, 1.49–9.30; P=0.0049] compared 
to “early disease” phase. Additionally, Cudillo et al. (52) 
found benefit with earlier transplants. The OS at both 1 
and 10 years was 88% (95% CI, 67–100%) for patients 
transplanted less than 46 months from diagnosis vs. 37% 
(95% CI, 15–92%) and 25% (95% CI, 8–83%), respectively 

for patients transplanted greater than 46-months from 
diagnosis (log-rank P<0.04) [HR 7.26; 95% CI, 0.86–60.95; 
P<0.068)]. Likewise, they also found DFS at 1 year and  
10 years benefited transplanting at an “early disease” phase. 
In the meta-analysis by Lechowicz et al. (48) of 129 HSCT 
recipients reported to the CIBMTR, 49% of patients were 
transplanted >36 months from their diagnosis. They did 
not comment on the significance. We believe that early 
transplant consultation may improve outcome of disease in 
this specific patient population. 

Graft vs. lymphoma 

Paralkar et al. (45) detailed their experience on two relapses 
in their cohort and the argument of graft-versus-lymphoma 
(Table 2). The first patient whom relapsed 10 months 
after HSCT received DLI (2.2×108 nucleated cells/kg)  
at first relapse and achieved CR that persisted for  
26 months. The second patient achieved second CR with 
discontinuation of immunosuppression and remained 
in CR. None of these patients had received additional 
treatments for their CTCL. In the EBMT report by 
Duarte et al. (47), 10/17 patients whom received DLI 
responded including 8 CR, confirming allogeneic response 
would provide anti-lymphoma activity. Cudillo et al. (52)  
had a 50% success rate with REL treated with DLI. 
Hosing et al. (49) observed secondary responses in 8 of 22 
relapses with immunomodulation post-transplant. Herbert 
et al. published their successes in three patients whom 
relapsed after HSCT with decreasing immunosuppression 
and the use of DLI (55). The authors made an important 
observation in that all their patients relapsed with the high 
grade LCT-MF disease they had prior to transplant. This 
observation had not been described previously, and the 
authors suggest the graft-versus-lymphoma benefits are 
greatest pre-LCT. This theory is supported by the poor 
4-year PFS in patients with MF with LCT of 8.6% in the 
Hosing prospective cohort, and supports the literature 
arguing for earlier transplant. Certainly, the use of DLI can 
be fraught with balancing GVHD in many cases, but this 
literature is quite clear that immunomodulation can be very 
successful and should be utilized in patients with REL post-
HSCT with no to minimal evidence of GVHD.

Graft vs. host disease  

Paralkar et al. (45) reported GVHD developing in 9 of 12 
patients with 4 developing grade III–IV GVHD (Table 2). 
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Six patents developed GVHD of the skin half of which were 
grade III, and GVHD was the cause of death in one patient. 
de Masson reported a 70% occurrence rate of acute GVHD 
of which nearly half developed grade II or higher disease and 
chronic GVHD developed in 15 patients. Seven out of the 
8 patients described by Molina et al. developed GVHD (43).  
Shiratori’s group document acute GVHD in 8/9 transplants 
and chronic GVHD in 7/9 patients. Meanwhile, Hosing 
et al. (49) reported much less rates of GVHD with an 
incidence of grade II–IV acute GVHD of 40% with an 
incidence of chronic GVHD of 28%. The cumulative 
incidence of grade III–IV acute GVHD was 10%. The 
cumulative incidence of chronic GVHD was 28%. They 
hypothesized the routine use of TBSEB may lessen the 
development of cutaneous GVHD.

Relapse rates 

In the CIBMTR meta-analysis by Lechowicz et al. (48) of the 
REL rate was 50% at 1-year and 61% at 5 years, suggesting 
that the majority of REL occur within the first year  
post-transplant. Similarly, Hosing et al. (49) reported 
50% REL with the majority occurring within 6 months 
of transplant. Duarte et al. (47) showed a 45% REL at a 
median of 3.8 months post-transplant, but only two relapses 
occurred beyond 2 years. de Masson et al. (46) totaled 19 
(51%) relapses with a median time to progression of 10 
weeks, and 90% of all REL occurred within the first year. 
Relapses occurred in 5/9 patients described in the Shiratori 
cohort at a median of 45 days (50). We conclude that as 
much as half of the patients with CTCL may have a relapse 
after HSCT in the first year after transplant and a decreased 
tumor burden prior to the transplant may improve the post-
transplant relapse risk. 

OS

There are no randomized trials comparing HSCT vs. 
systemic therapies. We must then assess meaningful OS, 
PFS, and REL in comparison with historical controls, and 
few of these retrospective analysis report beyond 5 years. 
Duarte et al. (47) in their extended analysis reported OS of 
46% and 44% at 5 and 7 years, respectively. The Kaplan-
Meier estimate of OS at 4 years was 51% reported by 
Hosing et al. (49) In the CIBMTR analysis by Lechowicz 
et al. (48) the OS was 56% and 41% at 1 and 3 years 
respectively for RIC and 51% and 31% respectively for 
MAC. de Masson et al. (46) estimated 1- and 2-year OS 

rates were 65% and 57%, respectively. For Cudillo et al. (52) 
the probability of OS was 61% (95% CI, 40–91%) and 
54% (95% CI, 33–86%) at 1 and 10 years post-transplant, 
respectively. Compared to the most recently published 
data on 1,275 patients with advanced stage disease (IIB–IV) 
where the median projected 5-year OS rates was 52%, the 
results of HSCT with a curative intent are encouraging (7).

Our recommendations for HSCT for advanced 
stage CTCL

(I) We agree with the recommendations from the 
NCCN, EORTC and the ASBMT of including 
HSCT as a treatment option for advanced stage, 
relapsed or refractory CTCL; 

(II) We agree with their recommendations to not 
offer HSCT in early stage (IA–IIA) CTCL and 
we also agree the strong recommendation against 
autologous stem cell transplant for CTCL in any 
clinical setting;

(III) While the optimal timing of HSCT transplant (1st 
line, 2nd line or greater) has yet to be determined, 
we recommend early consultation in transplant 
eligible patients. This recommendation is based on 
the data showing increased OS and decreased REL 
when HSCT is utilized as an earlier treatment 
option and before progression to LCT; 

(IV) We have shown convincing data supporting the 
use of RIC over MAC in improving NRM with 
equivocal efficacy, and we recommend a RIC 
conditioning regimen in all eligible patients. 
Minimal disease burden at time of transplant, while 
showing better ORR rates in some studies, has not 
been consistent in the literature. Additionally, the 
now well recognized graft-versus-lymphoma effect 
negates the need for strict CR prior to transplant; 

(V) The use of TBSEBT has been successful in the 
MD Anderson cohort, but others have reported 
severe cutaneous toxicities. In patients with 
significant skin involvement we do recommend this 
as an option; 

(VI) Keeping with the graft-versus-lymphoma effect, 
we consider that T-cell depletion is not necessary 
in this patient population. On the other hand, 
the incidence and severity of GVHD has been 
decreased with T-cell depletion. GVHD is all but 
universal; however, with better understanding of 
the GVHD process and better treatments, this 
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complication has become more manageable. 

Conclusions 

HSCT for advanced CTCL has made significant strides 
over the past 30 years, and it remains the only curative 
approach. Unfortunately, our data and experience are 
limited to small scale retrospective analyses, case reports 
and meta-analyses all of which have different conditioning 
regimens, GVHD prophylaxis, response criteria and types 
of donors. Clinical trials addressing the optimal timing of 
HSCT prior to or vs. front-line systemic therapies as well 
as post-transplant maintenance studies are clearly needed. 
Additionally, dedicated prospective prognostication studies 
such as the ongoing PROCLIPI study hope to identify the 
subsets of patients who will have more aggressive clinical 
courses (7,56), some of whom may ultimately be appropriate 
for earlier HSCT strategies even without advanced stage 
disease at diagnosis. 
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