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Abstract
Adult T-cell leukemia/lymphoma (ATLL) remains challenging to treat and has dismal outcome. Allogeneic stem-cell trans-
plantation (allo-SCT) has promising results, but data remain scarce. In this single-center retrospective analysis of 100 patients 
with ATLL from north America (67 acute, 22 lymphomatous), 17 underwent allo-SCT and 5 autologous SCT (ASCT), 
with a median follow-up of 65 months. Post-transplant 3-years relapse incidence (RI) and non-relapse mortality (NRM) 
were 51% and 37%, respectively, and 3-year progression-free survival (PFS) and overall survival (OS) were 31% and 35%, 
respectively. ASCT 1-year RI was 80% compared to 30% in allo-SCT (p = 0.03). After adjusting for immortal-time bias, 
allo-SCT had significantly improved OS (HR = 0.4, p = 0.01). In exploratory multivariate analysis, patients achieving first 
complete response and Karnofsky score ≥ 90 had significantly better outcomes, as did Black patients, compared to Hispan-
ics, who had worse outcome. In transplanted patients, 14 died within 2 years, 4 of which ASCT recipients. Our data are the 
largest ATLL transplant cohort presented to date outside of Japan and Europe. We show that allo-SCT, but not ASCT, is a 
valid option in select ATLL patients, and can induce long term survival, with 40% of patients alive after more than 5 years.
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CR  Complete response
MAC  Myeloablative conditioning
RIC  Reduced intensity conditioning
GVL  Graft-vs-leukemia
GVHD  Graft-vs-host-disease
DLI  Donor lymphocyte infusion
MSD  Matched related
MUD  Unrelated
haplo  Haploidentical
CB  Cord blood
BM  Bone marrow
PB  Peripheral blood
CMV  Cytomegalovirus
KPS  Karnofsky performance score
Bu  Busulfan
HR  Hazard ratio
CI  Confidence interval
PR  Partial remission
TCD  T cell depletion
PTCY   Post-transplant cyclophosphamide
MVA  Multivariate analysis

1 Introduction

Adult T-cell leukemia/lymphoma (ATLL) is a rare mature T 
cell malignancy, driven by the human T-cell lymphotropic 
virus type I (HTLV-1), and associated with a grim prog-
nosis [1–3]. HTLV-1 mediates T cell transformation and 
clonal expansion, resulting in malignant transformation in 
around 1–4% of the estimated 20 million infected hosts from 
endemic regions such as southern Japan, the Caribbean, 
Central and South America, as well as sub-Saharan Africa, 
Romania and northern Iran [1–4].

Four different subtypes are described by the widely used 
Shimoyama classification, including smoldering, chronic, 
and the aggressive acute and lymphomatous subtypes. These 
subtypes not only differ in their clinical presentations, but 
also have different outcomes and require distinct treatment 
strategies [5]. Smoldering and chronic subtypes are asso-
ciated with better short-term but poor long-term outcome, 
whether treated with chemotherapy or a watch and wait 
approach, [6]. However, aggressive subtypes are associated 
with dismal short-term prognosis, although lymphomatous 
ATLL has been shown to respond to combination chemo-
therapy [7]. The combination of zidovudine and IFN-alpha 
significantly improved first line response rates in the acute 
subtype [8], as well as smoldering and chronic ATLL which 
are, otherwise, unresponsive to chemotherapy, with some 
benefit of its use in lymphomatous ATLL as well [9].

Furthermore, ATLL (NA-ATLL) has been proposed as a 
separate entity from Japanese ATLL, with worse outcome and 
particular chemo refractoriness. While specific strategies, such 

as epigenetic therapies, might be particularly effective [10, 11], 
relapse rates remain extremely high, making stem-cell trans-
plantation (SCT) an attractive, potentially curative approach.

The use of autologous-SCT (ASCT) has been reported in 
limited case series, was consistently found to lead to high 
relapse rates and poor outcome, and is not currently rec-
ommended [12–14]. On the other hand, the use of alloge-
neic-SCT (allo-SCT) has proved to be challenging in these 
patients, as they usually have poor performance status and 
rarely achieve complete response (CR), and often lack suitable 
donors [15]. When feasible, however, allo-SCT with either 
myeloablative (MAC) [16–18] or reduced-intensity (RIC) 
[19] conditioning can lead to favorable long-term outcomes, 
as suggested by multiple reports. These include a large study 
with 386 patients from Japan, which demonstrated a 3-year 
overall survival (OS) of 33% [20], and a long-term report of 
30 patients receiving RIC, which demonstrated 5-year OS and 
progression-free survival (PFS) of 36% and 31%, respectively 
[21]. The long-term favorable outcome after allo-SCT that 
is not observed following ASCT is likely attributed to the 
graft-versus-leukemia (GVL) effect, as long term responders 
usually have higher incidence of chronic graft-versus-host-
disease (GVHD) and donor lymphocyte infusion (DLI) use, 
which leads to durable remissions [22, 23].

Given the data scarcity, we aimed to further elucidate 
the role of transplant in ATLL, describing patient out-
comes post-transplant versus no transplant, and identifying 
responders’ characteristics. Our results support existing evi-
dence in the literature on the positive role of transplant in 
ATLL and present novel findings not previously described.

2  Materials and Methods

2.1  Study Design and Data Collection

This is a retrospective single center analysis. Included in this 
analysis are all patients with ATLL treated at the Monte-
fiore Medical Center between 2003 and 2022, who received 
either allo-SCT from an HLA-matched sibling related donor 
(MSD), unrelated (MUD), haploidentical (haplo) or cord 
blood (CB) donor with bone marrow (BM), peripheral blood 
(PB) or CB stem cells, ASCT, or no transplant. Patient-
specific variables collected included age, gender, ethnicity, 
cytomegalovirus (CMV) and HTLV1 serologies, Karnofsky 
performance score (KPS), diagnosis date, disease subtype, 
number of prior therapy lines, status at transplant, transplant 
date, and prior SCT. Donor and transplant-related variables 
included donor gender, CMV and HTLV1 serologies, stem 
cell source, donor type, in-vivo T-cell depletion, engraft-
ment, conditioning regimen, GVHD prophylaxis, maximum 
acute and chronic GVHD grade, relapse date when applica-
ble, and main cause of death.
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2.2  Definitions

MAC was defined as a regimen containing either TBI with 
a dose ≥ 8 Gy, a total dose of oral busulfan (Bu) > 8 mg/
kg, or a total dose of intravenous Bu > 6.4 mg/kg. All other 
regimens were defined as RIC [24]. Diagnosis and grading 
of acute [25] and chronic GVHD [26] were performed using 
standard criteria.

2.3  Endpoints

Endpoints included PFS, OS, non-relapse mortality (NRM), 
relapse incidence (RI), acute and chronic GVHD, and 
GVHD-free, relapse-free survival (GRFS), with outcomes 

measured either from the time of SCT or diagnosis when 
comparing transplant to non-transplant patients. PFS was 
defined as survival without disease relapse or progression, 
with patients censored at the time of last contact. OS was 
defined as the time until death from any cause, or discharge 
to hospice with unknown date of death. NRM was defined 
as being alive until death with no previous relapse. GRFS 
was defined as being alive with neither grade III-IV acute 
GVHD, extensive chronic GVHD, nor relapse [27]. Patients 
who did not experience an event were censored at the date 
of last contact.

Table 1  Patient characteristics

CR complete remission, PR partial remission, PD progressive disease

Patient characteristics Auto n = 5 Allo n = 17 No transplant n = 78 Total n = 100 p value
N (%)/Median (Range) 
[IQR]

N (%)/Median (Range) 
[IQR]

N (%)/Median (Range) 
[IQR]

N (%)/Median (Range) 
[IQR]

Age at diagnosis 53 (45–73) [50–56] 56 (18–74) [42–65] 60.5 (25–87) [44–69.75] 58.5 (18–87) [43.75–69] 0.51
Gender
 Male 2 (40%) 10 (58.8%) 31 (39.7%) 43 (43%) 0.33
 Female 3 (60%) 7 (41.2%) 47 (60.3%) 57 (57%)

Ethnicity
 Black 2 (40%) 13 (76.5%) 54 (69.2%) 69 (69%) 0.29
 Hispanic 2 (40%) 4 (23.5%) 21 (26.9%) 27 (27%)
 Asian 1 (20%) 0 (0%) 1 (1.3%) 2 (2%)
 Missing 0 (0%) 0 (0%) 2 (2.6%) 2 (2%)

ATLL type
 Acute 1 (20%) 9 (52.9%) 57 (73.1%) 67 (67%) 0.001
 Lymphomatous 4 (80%) 8 (47.1%) 10 (12.8%) 22 (22%)
 Missing 0 (0%) 0 (0%) 11 (14.1%) 11 (11%)

Transplant only Auto n = 5 Allo n = 17 Total n = 22 p value

Year of transplant 2015 (2005–
2019) [2007–2016]

2016 (2012–
2020) [2013–2018]

2015.5 (2005–2020) [2013–2018] 0.07

Lines of therapy before transplant 1 (1–3) [1, 2] 2 (1–4) [1–3] 2 (1–4) [1–3] 0.28
Diagnosis to transplant (months) 6 (4–7) [6, 7] 9 (4–378) [6–15] 7.5 (4–378) [6–11.75] 0.51
Follow-up (months) 65 (14–101) [36.75–96]
Status at transplant
 CR1 2 (40%) 8 (47.1%) 10 (45.5%) 0.81
 PR 1 (20%) 3 (17.6%) 4 (18.2%)
 PD/relapsed 2 (40%) 6 (35.3%) 8 (36.3%)

Karnofsky score
  < 90 2 (40%) 3 (17.6%) 5 (22.7%) 0.18
  ≥ 90 2 (40%) 13 (76.5%) 15 (68.2%)
 Missing 1 (20%) 1 (5.9%) 2 (9.1%)

Therapy group
 Chemotherapy only 4 (80%) 10 (58.8%) 14 (63.6%) 0.61
 Chemotherapy + AZT/IFN 1 (20%) 7 (41.2%) 8 (36.4%)
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2.4  Statistical Analysis

The Kaplan–Meier method was used to calculate the prob-
abilities of OS and PFS. Cumulative incidence functions 
were used to estimate RI and NRM in a competing risk set-
ting. Death and relapse were considered as competing events 
for acute and chronic GVHD.

Univariate analyses were done using the Gray’s test for 
cumulative incidence functions and the log rank test for OS, 
GRFS, and PFS. A Cox proportional hazards model was 
used for multivariate regression, and results were expressed 
as hazard ratio (HR) with a 95% confidence interval (CI). 
All tests were two sided. The type-1 error rate was fixed at 
0.05 for determination of factors associated with time-to-
event outcomes.

To account for immortal time bias, a landmark analy-
sis was performed whereby 33 non-transplanted patients 
with early mortality within 4 months of diagnosis who 
were not able to make it to transplant were excluded from 
the Kaplan–Meier survival and multivariate analysis. The 
4-months cutoff was chosen as being the earliest transplanted 
patients made it from diagnosis to transplant.

All analyses were performed using R version 3.4.0 (R 
Core Team. R: a language for statistical computing. 2014. 
R Foundation for Statistical Computing, Vienna, Austria).

3  Results

3.1  Patient Characteristics

One hundred patients (57% female; median age 58.5 years 
[range 18–87]; 69% Blacks and 27% Hispanic) met inclusion 
criteria (Table 1). Sixty-seven percent had acute ATLL, 22% 
lymphomatous disease, and 11% missing.

Table 2  Transplant characteristics

Transplant Characteristics n = 22
N (%)

Transplant type
 Allo 17 (77%)
 Auto 5 (23%)

Donor n = 17
 Matched sibling 7 (41%)
 10/10 Matched unrelated 1 (6%)
 9/10 Matched unrelated 2 (12%)
 Haploidentical 6 (35%)
 Syngeneic 1 (6%)

Source of stem cells n = 17
 Bone marrow 3 (18%)
 Peripheral blood 11 (65%)
 Bone marrow + Peripheral blood 1 (6%)
 Missing 2 (12%)

Donor gender n = 16 (excluding syngeneic)
 Male 7 (44%)
 Female 5 (31%)
 Missing 4 (25%)

Female to male n = 16 (excluding syngeneic)
 No 13 (81%)
 Yes 2 (13%)
 Missing 1 (6%)

Donor CMV serology n = 17
 CMV + 4 (24%)
 CMV – 1 (6%)
 Missing 12 (71%)

Donor HTLV serology n = 17
 HTLV + 3 (18%)
 HTLV − 2 (12%)
 Missing 12 (71%)

In vivo T-cell depletion n = 16 (excluding syngeneic)
 No 14 (88%)
 Yes 1 (6%)
 Missing 1 (6%)

Engraftment n = 22
 No 2 (9%)
 Yes 20 (91%)

Conditioning n = 22
 RIC 15 (88%)
 MAC 2 (12%)

TBI n = 22
 No 16 (73%)
 Yes 6 (27%)

Conditioning details n = 22
 Flu-Mel 6 (27%)
 Flu-Mel-ATG 2 (9%)
 Flu-Cy-TBI 5 (23%)
 Flu-Bu 2 (9%)
 Cy-TBI 1 (5%)

Table 2  (continued)

Transplant Characteristics n = 22
N (%)

 BEAM 6 (27%)
Post-transplant cyclophosphamide n = 16 (excluding syngeneic)
 No 11 (69%)
 Yes 5 (31%)

GVHD prophylaxis n = 16 (excluding syngeneic)
 Tacrolimus-Methotrexate 10 (63%)
 Tacrolimus-Mycophenolate 6 (38%)

CMV Cytomegalovirus, HTLV Human T-lymphotropic virus, MAC 
Myeloablative conditioning, RIC Reduced intensity conditioning, TBI 
Total Body Irradiation, Flu Fludarabine, Mel Melphalan, ATG  anti-
thymocyte globulin, Cy cyclophosphamide, BEAM BCNU, etoposide, 
Ara‐C, and melphalan, GVHD Graft-vs-host disease
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Table 3  Univariate analysis

Outcome from diagnosis 1 year 3 years
OS OSAuto + Allo + No Transplant (n = 100)

Whole group 42% [33–54] 20% [12–32]
Age at transplant < Median 45% [33–63] 28% [17–47]

≥ Median 38% [26–57] 11% [4–30]
p value 0.44 0.15

Patient’s gender Female 41% [29–57] 16% [8–35]
Male 44% [30–63] 24% [13–44]
p value 0.79 0.63

Ethnicity Asian 0% [NA–NA] 0% [NA–NA]
Black 45% [34–60] 24% [15–40]
Hispanic 39% [24–65] 12% [3–41]
 p value 0.07 0.07

ATLL subtype Acute 32% [22–48] 11% [5–27]
Lymphomatous 71% [54–94] 42% [25–73]
p value 0.004 0.004

Transplant type (n = 67, early mortality 
excluded in non-transplant group)

Allo 76% [59–100] 47% [28–78]

Auto 60% [29–100] 20% [3–100]
No transplant 47% [34–65] 15% [6–41]
p value 0.01 0.01

No Transplant (no exclusions) 32% [22–46] 11% [4–28]

Outcome from transplant 1 year 3 years

RI NRM PFS OS RI NRM PFS OSAuto + Allo (n = 22)

Whole group 43% [15–62] 28% [2–46] 41% [25–68] 50% [33–76] 51% [19–70] 37% [6–57] 31% [16–58] 35% [20–63]
Age at trans-

plant
< Median 42% [0–67] 19% [0–40] 45% [24–87] 55% [32–94] 42% [0–67] 35% [0–62] 36% [17–79] 36% [17–79]
≥ Median 43% [0–67] 35% [0–62] 36% [17–79] 45% [24–87] 62% [0–86] 35% [0–62] 24% [8–74] 34% [14–81]
p value 0.91 0.6 0.67 0.68 0.62 0.86 0.62 0.89

Patient’s 
gender

Female 33% [0–58] 10% [0–27] 60% [36–
100]

60% [36–
100]

47% [0–72] 25% [0–50] 40% [19–85] 40% [19–85]

Male 52% [5–76] 46% [0–73] 25% [9–67] 42% [21–81] 52% [5–76] 46% [0–73] 25% [9–67] 33% [15–74]
p value 0.36 0.2 0.12 0.39 0.5 0.32 0.24 0.5

Year of 
transplant

< Median 48% [0–73] 28% [0–51] 36% [17–79] 55% [32–94] 48% [0–73] 28% [0–51] 36% [17–79] 45% [24–87]
≥ Median 39% [0–62] 26% [0–52] 45% [24–87] 45% [24–87] 59% [0–84] 44% [0–73] 23% [7–74] 23% [7–74]
p value 0.82 0.58 0.59 0.83 0.86 0.92 0.95 0.56

Diagnosis to 
transplant

< Median 42% [12–62] 17% [0–33] 47% [29–76] 58% [39–85] 50% [17–70] 27% [0–48] 36% [19–66] 41% [24–71]
≥ Median 50% [0–87] 100% [NA–

NA]
0% [NA–

NA]
0% [NA–

NA]
50% [0–87] 100% [NA–

NA]
0% [NA–

NA]
0% [NA–

NA]

p value 0.97 0.08 0.27 0.07 0.97 0.08 0.27 0.07
Ethnicity Asian 100% [NA–

NA]
0% [0–0] 0% [NA–

NA]
0% [NA–

NA]
100% [NA–

NA]
0% [0–0] 0% [NA–

NA]
0% [NA–

NA]
Black 32% [0–54] 21% [0–39] 53% [33–86] 60% [40–91] 43% [4–66] 32% [0–54] 38% [20–74] 45% [25–80]
Hispanic 60% [0–86] 58% [0–90] 17% [3–100] 33% [11–

100]
60% [0–86] 58% [0–90] 17% [3–100] 17% [3–100]

p value 0.001 0.37 0.01 0.1 0.001 0.46 0.02 0.06
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Table 3  (continued)

Outcome from transplant 1 year 3 years

RI NRM PFS OS RI NRM PFS OSAuto + Allo (n = 22)

Karnofsky < 90 62% [0–92] 40% [0–71] 20% [3–100] 40% [14–
100]

62% [0–92] 100% [NA–
NA]

0% [NA–
NA]

0% [NA–
NA]

≥ 90 29% [0–50] 24% [0–45] 53% [33–86] 60% [40–91] 39% [4–61] 24% [0–45] 46% [26–80] 53% [32–86]
p value 0.22 0.15 0.06 0.23 0.22 0.02 0.01 0.01

ATLL sub-
type

Acute 49% [0–74] 21% [0–44] 40% [19–85] 40% [19–85] 66% [2–88] 41% [0–69] 20% [6–69] 20% [6–69]
Lymphoma-

tous
39% [0–62] 32% [0–57] 42% [21–81] 58% [36–94] 39% [0–62] 32% [0–57] 42% [21–81] 50% [28–88]

p value 0.7 0.85 0.86 0.35 0.45 0.81 0.46 0.2
Number of 

prior lines 
of therapy

< Median 43% [0–70] 12% [0–33] 50% [25–
100]

62% [37–
100]

57% [0–82] 12% [0–33] 38% [15–92] 38% [15–92]

≥ Median 41% [5–64] 37% [0–62] 36% [18–72] 43% [23–78] 41% [5–64] 53% [1–78] 27% [11–66] 34% [16–72]
p value 0.74 0.37 0.41 0.39 0.98 0.22 0.42 0.68

Status at 
transplant

Active 55% [3–79] 39% [0–64] 25% [9–67] 33% [15–74] 78% [0–95] 39% [0–64] 12% [2–68] 22% [7–69]

CR1 30% [0–53] 14% [0–37] 60% [36–
100]

70% [47–
100]

30% [0–53] 29% [0–55] 50% [27–93] 50% [27–93]

p value 0.16 0.1 0.03 0.04 0.07 0.18 0.02 0.08
Transplant 

type
Allo 30% [0–50] 32% [4–53] 47% [28–78] 53% [34–83] 41% [3–64] 42% [8–64] 34% [17–67] 40% [22–72]

Auto 80% [0–97] 0% [0–0] 20% [3–100] 40% [14–
100]

80% [0–97] 0% [0–0] 20% [3–100] 20% [3–100]

p value 0.03 0.28 0.29 0.67 0.053 0.26 0.41 0.43

Outcome from transplant 1 year 3 years

RI NRM PFS OS RI NRM PFS OSAllo only (n = 17)

Female 
to male 
transplant

No 18% [0–38] 30% [0–51] 57% [36–
90]

57% [36–
90]

32% [0–57] 40% [4–63] 41% [21–
78]

41% [21–
78]

Yes 100% [NA–
NA]

0% [0–0] 0% [NA–
NA]

50% [13–
100]

100% [NA–
NA]

0% [0–0] 0% [NA–
NA]

50% [13–
100]

p value 0.0001 0.5 0.06 0.84 0.0001 0.5 0.06 0.92
Stem cells 

source
BM 33% [0–70] 0% [0–0] 67% [30–

100]
67% [30–

100]
67% [0–93] 0% [0–0] 33% [7–100] 33% [7–100]

PB 37% [0–62] 42% [0–67] 36% [17–
79]

45% [24–
87]

37% [0–62] 42% [0–67] 36% [17–79] 45% [24–87]

p value 0.88 0.25 0.36 0.52 0.65 0.25 0.7 0.95
Donor Haploidenti-

cal
40% [0–71] 17% [0–42] 50% [22–

100]
50% [22–

100]
70% [0–94] 17% [0–42] 25% [5–100] 25% [5–100]

Matched 
sibling

33% [0–62] 54% [0–83] 29% [9–92] 43% [18–
100]

33% [0–62] 54% [0–83] 29% [9–92] 43% [18–
100]

Matched 
unrelated

0% [0–0] 33% [0–70] 67% [30–
100]

67% [30–
100]

0% [0–0] 67% [0–93] 33% [7–100] 33% [7–100]

p value 0.33 0.35 0.32 0.61 0.26 0.24 0.67 0.84
Condition-

ing
RIC 32% [0–54] 30% [0–52] 47% [27–

80]
53% [33–

86]
43% [4–66] 40% [4–63] 33% [16–68] 40% [22–74]

MAC 0% [0–0] 50% [0–87] 50% [13–
100]

50% [13–
100]

0% [0–0] 50% [0–87] 50% [13–
100]

50% [13–
100]

p value 0.55 0.45 0.84 0.73 0.55 0.45 0.84 0.73
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Twenty-two patients (45% female; median age 55.5 years 
[range 39–74]; 68% Blacks and 29% Hispanic) underwent 
transplant (Tables 1 and 2) with a median follow-up of alive 
patients of 65 months (IQR 24–95). Almost half (45%) of 
the patients were transplanted in CR1, 18% had achieved 
partial remission (PR), and 36% had progressive or relapsed 
disease. Transplanted patients had a median of 2 prior treat-
ment lines (range 1–4) and were transplanted at a median 
of 7.5 months after diagnosis. Forty-five percent had acute 
ATLL, and the rest had a lymphomatous subtype. The KPS 
was ≥ 90 in 68% of patients, and 77% were CMV positive.

Seventeen patients underwent allo-SCT and five under-
went ASCT. Allo-SCT patients received MAC in 12% of 
cases, and 27% of all patients received TBI. Donors for 
allo-SCT were 41% MSD, 18% MUD, and 35% haplo, and 
65% of patients received PB stem cells, with one additional 
patient (6%) receiving both PB and BM cells. Only two male 
patients received cells from a female donor, and only three 
donors were documented HTLV1 positive and four CMV 
positive. In vivo T cell depletion (TCD) was only used in 
one case. GVHD prophylaxis was primarily tacrolimus-
methotrexate (63%) with the rest receiving tacrolimus-
mycophenolate; 31% of patients received post-transplant 
cyclophosphamide (PTCY).

3.2  Transplant Outcomes

The 1-year RI was 43% and NRM 28%, while PFS and OS 
were 41% and 50%, respectively (Table 3). Three-year RI 
and NRM were 51% and 37%, respectively, and PFS and OS 
were 31% and 35%, respectively. Day + 180 acute GVHD 
grades II-IV and III-IV were encountered in 43% and 21% 

of patients who received allo-SCT, respectively, whereas 
the 1-year cumulative incidence of chronic and extensive 
GVHD were 50% and 36%, respectively (Table 4). Allo-
SCT patients had 1-year and 3-years GRFS of 27% and 20%, 
respectively. Ten patients died after allo-SCT from primary 
disease (50%), infections (20%), GVHD (10%) and veno-
occlusive disease (10%), and four ASCT patients died of 
disease progression (100%) (Table 5).

In the univariate analysis (Tables 3 and 4) gender, year 
of transplant, time from diagnosis to transplant, number of 
prior lines of therapy, stem cell source, TBI and PTCY use 
did not affect any of the transplant outcomes (RI, NRM, 
PFS, OS, acute and chronic GVHD, GRFS). On the other 
hand, at least one outcome was affected by each of the fol-
lowing variables: transplant type, disease subtype, patient 
age and ethnicity, KPS, status at transplant, female to male 
donor, conditioning intensity, and donor type.

In univariate, landmark analysis excluding non-trans-
planted patients with early mortality within 4 months who 
were unable to make it to transplant, there was a significant 
difference in outcome with 1-year OS of 76% in allo, 60% 
in auto and 47% in the non-transplant group (p = 0.01), and 
3-year OS of 47% in allo, 30% in auto, and 15% in the non-
transplant group (p = 0.01) (Table 3, Fig. 1). Furthermore, 
univariate OS HR of allo-SCT versus no transplant was 0.4 
with p = 0.01 while ASCT versus no transplant yielded a 
HR of 0.8 with p = 0.7. The use of ASCT was associated 
with significantly increased short-term relapse incidence 
compared to allo-SCT, with 1-year RI of 80% versus 30% 
(p = 0.03). Allo-SCT was associated with higher, though not 
statistically significant, NRM, which could explain the lack 
of any difference in short- or long-term OS (1-year OS 53% 

Table 3  (continued)

Outcome from transplant 1 year 3 years

RI NRM PFS OS RI NRM PFS OSAllo only (n = 17)

TBI No 41% [9–62] 25% [0–46] 44% [25–
76]

56% [37–
87]

41% [9–62] 37% [0–62] 36% [19–71] 43% [24–76]

Yes 50% [0–81] 33% [0–62] 33% [11–
100]

33% [11–
100]

75% [0–95] 33% [0–62] 17% [3–100] 17% [3–100]

p value 0.93 0.46 0.69 0.34 0.64 0.66 0.52 0.28
PTCY No 22% [0–45] 40% [0–65] 45% [24–

87]
55% [32–

94]
22% [0–45] 52% [6–76] 36% [17–

79]
45% [24–

87]
Yes 50% [0–81] 20% [0–48] 40% [14–

100]
40% [14–

100]
100% [NA–

NA]
20% [0–48] 0% [NA–

NA]
0% [NA–

NA]
p value 0.55 0.57 0.99 0.77 0.18 0.49 0.68 0.45

In univariate analysis comparing outcomes of Allo vs auto vs non-transplanted patients, 37 patients with early mortality < 4 months from diagno-
sis in the non-transplant group were excluded to account for immortal-time bias and hence n = 63 for that comparison only
RI relapse incidence, NRM non-relapse mortality, PFS progression-free survival, OS overall survival, CR complete remission, BM bone marrow, 
PB peripheral blood, MAC myeloablative conditioning, RIC reduced intensity conditioning, TBI Total Body Irradiation, PTCY  Post-transplant 
cyclophosphamide
Bold p-values are significant p-values less than 0.05
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Table 4  Univariate analysis

180 days 1 year 3 years

aGVHD II-IV aGVHD III-IV cGVHD Extensive cGVHD GRFS GRFS

Allo only 43% [10–64] 21% [0–40] 50% [16–70] 36% [5–56] 27% [12–62] 20% [7–55]
Age at transplant
  < Median 57% [0–82] 43% [0–70] 86% [12–98] 57% [0–82] 29% [9–92] 29% [9–92]
  ≥ Median 29% [0–55] 0% [0–0] 14% [0–37] 14% [0–37] 25% [8–83] 12% [2–78]
 p value 0.3 0.06 0.01 0.11 0.85 0.85

Patient’s gender
 Female 40% [0–71] 20% [0–48] 40% [0–71] 40% [0–71] 33% [11–100] 17% [3–100]
 Male 44% [0–69] 22% [0–45] 56% [8–79] 33% [0–58] 22% [7–75] 22% [7–75]
 p value 0.88 0.93 0.59 0.81 0.94 0.94

Year of transplant
  < Median 50% [0–78] 33% [0–62] 67% [0–89] 50% [0–78] 14% [2–88] 14% [2–88]
  ≥ Median 38% [0–63] 12% [0–33] 38% [0–63] 25% [0–50] 38% [15–92] 25% [8–83]
 p value 0.65 0.36 0.3 0.35 0.22 0.22

Diagnosis to transplant
  < Median 67% [0–89] 33% [0–62] 50% [0–78] 33% [0–62] 43% [18–100] 29% [9–92]
  ≥ Median 25% [0–50] 12% [0–33] 50% [0–75] 38% [0–63] 12% [2–78] 12% [2–78]
 p value 0.13 0.36 1 0.88 0.49 0.49

Ethnicity
 Black 33% [1–55] 25% [0–46] 50% [12–72] 42% [6–64] 25% [9–67] 17% [5–59]
 Hispanic 100% [NA–NA] 0% [0–0] 50% [0–87] 0% [0–0] 33% [7–100] 33% [7–100]
 p value 0.09 0.44 1 0.27 0.74 0.74

Karnofsky
  < 90 100% [NA–NA] 100% [NA–NA] 100% [NA–NA] 100% [NA–NA] 0% [NA–NA] 0% [NA–NA]
  ≥ 90 27% [0–49] 0% [0–0] 36% [1–59] 18% [0–38] 36% [17–79] 27% [10–72]
 p value 0.06 0.001 0.11 0.03 0.004 0.004

ATLL subtype
 Acute 67% [16–87] 33% [0–58] 56% [8–79] 44% [0–69] 22% [7–75] 11% [2–71]
 Lymphomatous 0% [0–0] 0% [0–0] 40% [0–71] 20% [0–48] 33% [11–100] 33% [11–100]
 p value 0.02 0.16 0.59 0.38 0.64 0.64

Number of prior lines of therapy
  < Median 60% [0–86] 20% [0–48] 40% [0–71] 20% [0–48] 60% [29–100] 40% [14–100]
  ≥ Median 33% [0–58] 22% [0–45] 56% [8–79] 44% [0–69] 10% [2–64] 10% [2–64]
 p value 0.35 0.93 0.59 0.38 0.09 0.09

Status at transplant
 Active 43% [0–70] 29% [0–55] 43% [0–70] 43% [0–70] 12% [2–78] 0% [NA–NA]
 CR1 43% [0–70] 14% [0–37] 57% [0–82] 29% [0–55] 43% [18–100] 43% [18–100]
 p value 1 0.53 0.61 0.59 0.03 0.03

Female to male transplant
 No 45% [6–68] 18% [0–38] 55% [13–76] 36% [1–59] 33% [15–74] 25% [9–67]
 Yes 50% [0–87] 50% [0–87] 50% [0–87] 50% [0–87] 0% [NA–NA] 0% [NA–NA]
 p value 0.91 0.35 0.91 0.73 0.33 0.33

Stem Cells Source
 BM 67% [0–93] 0% [0–0] 0% [0–0] 0% [0–0] 67% [30–100] 33% [7–100]
 PB 25% [0–50] 25% [0–50] 62% [8–85] 50% [0–75] 11% [2–71] 11% [2–71]
 p value 0.22 0.36 0.08 0.14 0.15 0.15

Donor
 Haploidentical 50% [0–78] 0% [0–0] 33% [0–62] 17% [0–42] 33% [11–100] 17% [3–100]
 Matched sibling 33% [0–62] 33% [0–62] 50% [0–78] 33% [0–62] 33% [11–100] 33% [11–100]
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in allo versus 40% in auto, p = 0.67; 3-year OS 40% in allo 
versus 20% in auto, p = 0.43).

While acute ATLL was associated with worse out-
come in the entire cohort, irrespective of transplant status 
(Fig. 1), with 1-year OS of 32% vs. 71%, p = 0.004, and 
3-year OS of 11% versus 42%, p = 0.004, within the trans-
plant group, disease subtype did not impact any primary 
outcomes including RI, NRM, PFS and OS, except for 
rates of low grade aGVHD (67% in acute vs. 0% in lym-
phomatous, p = 0.02). As expected, patients in CR1 had 
significantly better 3-year outcomes compared to advanced 
disease with relapse rates of 30% vs. 78% (p = 0.07), PFS 
of 50% vs. 12% (p = 0.02), OS of 50% vs. 22% (p = 0.08), 
and GRFS of 43% vs. 0% (p = 0.03) (Fig. 2). Patients with 
KPS ≥ 90 had a significantly lower NRM (24%) compared 
to 100% in those with a KPS < 90 (p = 0.02), which also 
translated into improved PFS (46% vs. 0%, p = 0.01) and 

OS (53% vs. 0%, p = 0.01) (Fig. 3). They also had lower 
rates of acute and chronic GVHD, resulting in significantly 
improved GRFS (27% vs. 0%, p = 0.004). While choice of 
donor did not affect survival, it had an impact on GVHD 
incidence, translating into 3-year GRFS of 33% in MSD 
vs. 17% in haplo and 0% in MUD (p = 0.01).

Despite the small sample size, we performed an explora-
tory multivariate analysis (MVA) (Table 6). When including 
the entire patient cohort, after adjusting for disease subtype, 
allo-SCT resulted in a significantly improved OS, compared 
to no transplant, with an HR of 0.4 (p = 0.05). Similar to the 
finding in univariate analysis, ASCT had no visible impact 
on outcome, with an HR of 1 (p = 0.7). Among the trans-
planted patients only, KPS above 90 was strongly associated 
with improved NRM, PFS, OS and GRFS, with HRs of 0.05 
(p = 0.02), 0.2 (p = 0.01), 0.2 (p = 0.03), and 0.1 (p = 0.01), 
respectively. Similarly, being in CR1 was also associated 
with improved outcomes affecting NRM, PFS and OS, with 
HRs of 0.05 (p = 0.03), 0.1 (p = 0.009) and 0.1 (0.02), respec-
tively. Interestingly, patients of Hispanic race had more dis-
mal outcomes compared to Black patients, with PFS HR of 5 
(p = 0.04), and OS HR of 5 (p = 0.05).

4  Discussion

Our data are in line with the reported literature on ATLL, 
particularly in its acute subtype, being associated with 
dismal long-term outcome [28]. ASCT is associated with 

aGVHD acute graft vs host disease, cGVHD chronic graft vs host disease, GRFS GVHD and relapse free survival, CR complete remission, BM 
bone marrow, PB peripheral blood, MAC myeloablative conditioning, RIC reduced intensity conditioning, TBI Total Body Irradiation, PTCY  
post-transplant cyclophosphamide
Bold p-values are significant p-values less than 0.05

Table 4  (continued)

180 days 1 year 3 years

aGVHD II-IV aGVHD III-IV cGVHD Extensive cGVHD GRFS GRFS

 Matched unrelated 50% [0–87] 50% [0–87] 100% [NA–NA] 100% [NA–NA] 0% [NA–NA] 0% [NA–NA]
 p value 0.55 0.09 0.12 0.04 0.01 0.01

Conditioning
 RIC 42% [6–64] 17% [0–35] 42% [6–64] 25% [0–46] 31% [14–70] 23% [9–62]
 MAC 50% [0–87] 50% [0–87] 100% [NA–NA] 100% [NA–NA] 0% [NA–NA] 0% [NA–NA]
 p value 0.83 0.31 0.14 0.048 0.12 0.12

TBI
 No 25% [0–50] 25% [0–50] 62% [8–85] 50% [0–75] 22% [7–75] 22% [7–75]
 Yes 67% [0–89] 17% [0–42] 33% [0–62] 17% [0–42] 33% [11–100] 17% [3–100]
 p value 0.13 0.72 0.3 0.21 0.53 0.53

PTCY 
 No 44% [0–69] 33% [0–58] 67% [16–87] 44% [0–69] 30% [12–77] 30% [12–77]
 Yes 40% [0–71] 0% [0–0] 20% [0–48] 20% [0–48] 20% [3–100] 0% [NA–NA]
 p value 0.88 0.16 0.11 0.38 0.79 0.79

Table 5  Cause of death

Cause of death Allo-SCT ASCT
n = 10 n = 4

N (%) N (%)

Original disease 5 (50%) 4 (100%)
Infection 2 (20%) 0 (0%)
GVHD 1 (10%) 0 (0%)
Veno-occlusive disease 1 (10%) 0 (0%)
Missing 1 (10%) 0 (0%)
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increased short-term relapse compared to allo-SCT, mak-
ing it a poor treatment choice [12–14]. Indeed, 80% of 
our patients undergoing ASCT relapsed within 1 year of 
transplant and died of disease progression. Importantly, no 
difference in outcome was noted when comparing ASCT 
to non-transplanted patients, with an HR of 0.8 (p = 0.7), 
further demonstrating why it should no longer be offered to 
ATLL patients.

This study highlights the importance of allo-SCT in this 
aggressive disease, and suggests that it should be offered 
early in the disease course, while patients still have good 
performance status, rather than postponing it as a salvage 
therapy. Good performance status and having achieved CR 
prior to transplant are known positive outcome predictors, 
and our findings here confirmed these concepts, with a com-
plementary effect in patients with both good performance 
status and transplanted in CR who had 5-year PFS and OS of 
47% and 62%, respectively. Allo-SCT can be offered to both 
acute and lymphomatous ATLL, as it appears to partially 
overcome the dismal outcome associated with acute disease, 
which usually responds poorly to conventional chemother-
apy. In fact, no differences were noted between acute and 
lymphomatous subtypes across all outcome parameters, 
despite acute subtype having significantly worse outcome 
in the non-transplant group. Our patients had good long-
term outcomes post allo-SCT even after 5 years of follow-
up and over, with 40% OS from transplant. Importantly, we 

show that allo-SCT significantly improves survival com-
pared to no transplant even in a landmark analysis which 
accounts for immortal-time bias, with allo-SCT recipients 
HR of 0.4 (p = 0.01) compared to non-transplant patients. 
This is again consistent with the literature and shows that 
allo-SCT is effective even in NA-ATLL which has worse 
overall outcome.

One of the major advantages of allo-SCT is thought to 
be attributed to its GVL effect. While we cannot directly 
measure the GVL effect, we know that developing GVHD 
post-transplant can be a good indirect surrogate. As such, 
when comparing the RI of patients who developed chronic 
GVHD post-allo to those who did not, at the 3-year mark, 
there was a notable difference in outcome, with only 17% RI 
in patients with chronic GVHD compared to 67% in those 
without it.

Unexpectedly, Hispanic patients in the transplant 
cohort had a worse outcome compared to Black patients, 
regardless of performance status and disease response, 
as evident in the MVA; yet, Hispanic ethnicity had no 
impact on survival when the analysis included non-trans-
plant patients. This ethnic difference between Hispanic 
and Black patients which specifically impacts trans-
planted ATLL patients has not been previously reported 
and was contrary to findings in other settings [29]. The 
underlying cause is currently unknown, and could pos-
sibly be attributed to epidemiologic genetic variations 

Fig. 1  Overall survival post-diagnosis in ATLL patients undergoing allo-SCT vs ASCT vs no transplant and by clinical subtype. Patients with 
early mortality <4 months in the non-transplant group (n=33) were excluded from first graph to account for immortal-time bias
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in HTLV-1 subtypes between the two groups, as well as 
differences in anti-HTLV-1 immunity and/or variations 
in ATLL pathobiology between the two ethnic groups. 
Lack of compatible donors and barriers to early trans-
plant in Hispanics may also be of critical importance, as 
previously published as well [30, 31]. Further investiga-
tion is required including immune and genomic profiling 
of these patients.

5  Conclusion

The treatment of ATLL and particularly NA-ATLL remains 
challenging, with most patients relapsing and succumbing 
to the disease. Few options are available as salvage post-
relapse, making SCT an attractive and potentially curative 
approach. ASCT has been studied in limited case series 
and was found to consistently lead to high relapse rates and 

Fig. 2  Post-transplant outcomes of ATLL patients in first complete remission (CR1) vs advanced disease
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overall poor outcome, while allo-SCT, when feasible, can 
induce long-term remission. Its use remains limited owing 
to its toxicity and patient’s usual poor performance status, 
as well as the disproportionate prevalence of HTLV1 in eth-
nic minorities, making it often challenging to find suitable 
donors. Our data are consistent with the literature, as almost 
all our patients were of either Hispanic or Black ethnici-
ties, and carefully selected to have good performance status 
and having achieved CR at transplant. ASCT was associated 

with high relapse rates and, despite occasionally inducing 
long term remission, as observed in one of our patients who 
sustained remission after 68 months, consistent with pre-
vious reports [32], we do not recommend its routine use. 
Early allo-SCT is an effective treatment option, partially 
overcoming the dismal outcome of the acute ATLL sub-
type, and inducing long term remission in 40% of patients. 
Hispanic patients had worse outcome compared to Black 
patients when undergoing transplant. Although this could be 

Fig. 3  Post-transplant outcomes of ATLL patients with good performance status vs bad baseline status
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attributed to lack of suitable donors or barriers to early trans-
plant in this group, further studies are necessary to explain 
this difference.
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