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Abstract

Outcomes of allogeneic hematopoietic stem cell transplantation (allo-HSCT) for patients with adult T cell leukemia/
lymphoma (ATL) are not satisfactory, particularly in patients in non-complete remission at transplantation (Pt-non-CR). We
conducted a regional retrospective study in the ATL endemic area of Okinawa, Japan. Of 62 ATL patients, 21 received allo-
HSCT in CR and 41 in non-CR. The 3-year overall survival (3yOS) rate and median survival time for the whole cohort was
25.6% and 7.7 months, respectively. The 3yOS of Pt-non-CR was significantly lower than that of patients in CR (Pt-CR)
(16.8% vs. 43.6%, P =0.005). Transplant-related mortality (TRM) was significantly higher in Pt-non-CR than in Pt-CR
(46.3% vs. 15.7%, P = 0.025), while there was no significant difference in disease-associated mortality (DAM) between Pt-
non-CR and Pt-CR. Multivariable analysis for Pt-non-CR revealed that poor performance status (poor-PS) and higher sIL-2R
level (high sIL-2R) adversely affected OS. Poor-PS was associated with higher TRM, but not with higher DAM in Pt-non-
CR. High sIL-2R did not affect TRM or DAM in Pt-non-CR. Overall, high TRM rates rather than DAM contribute to the
poor outcomes of Pt-non-CR, suggesting that not only disease control but also management of transplant-related
complications is required for allo-HSCT in ATL patients.

Introduction
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free survival time of 5—7 months. Moreover, the treatment
options are extremely limited for those who do not respond
to the initial chemotherapy. New immunotherapy or
immunomodulatory agents, such as mogamulizumab (anti-
CCR4 monoclonal antibody) [9, 10] and lenalidomide (an
oral immunomodulatory drug) [11] have recently been used
as treatments for ATL in Japan and are effective in some
patients. However, the long-term clinical outcomes remain
unclear.

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) has been available for patients with aggressive ATL
since 1987 [12] and it is now considered a promising treat-
ment option for these patients [13—-16]. A nationwide retro-
spective study of allo-HSCT for the treatment of ATL [15]
demonstrated several pretransplantation factors that are
associated with poor survival rates, such as poor Eastern
Cooperative Oncology Group Performance Status (ECOG-
PS) rating, higher age, male sex, non-complete remission
(non-CR) at transplantation, and the use of unrelated cord
blood as the stem cell source. In that study, non-CR at
transplantation was also identified as a risk factor for disease-
associated mortality (DAM). Although disease status at
transplantation is known to be an important factor associated
with outcome after allo-HSCT for ATL, it is often difficult to
achieve CR in ATL patients. As a consequence, some ATL
patients are compelled to receive allo-HSCT despite their
non-CR status. Indeed, in daily practice, we often encounter
patients whose ATL tumor cells become chemoresistant
during their planned chemotherapy. We therefore think that it
is essential to improve the allo-HSCT treatment strategy in
ATL patients, especially those in non-CR.

Here, we conducted a regional retrospective study in the
endemic ATL area of Okinawa Prefecture to clarify the fac-
tors affecting transplant outcomes of ATL patients, focusing
on patients in non-CR at transplantation (Pt-non-CR).

Methods
Study population

We retrospectively collected data from 62 patients with
aggressive ATL who had received allogeneic transplanta-
tion at University of the Ryukyus Hospital and Heartlife
Hospital in Okinawa Prefecture between September 2000
and January 2016. Since all allo-HSCT procedures are
performed in these two centers in Okinawa, the patients
analyzed in the current study included all patients with
aggressive ATL who underwent allo-HSCT in this area.
Informed consent was obtained in accordance with the
Declaration of Helsinki. This study was conducted with the
approval of the institutional review board of the University
of the Ryukyus.
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Endpoints and statistical analysis

The primary endpoint of this study was overall survival,
defined as the time from the date of transplantation until the
date of death from any cause. The secondary endpoints
were cumulative incidences of DAM and transplant-related
mortality (TRM). Reported causes of death were reviewed
and categorized into disease-associated or transplant-
associated deaths. Disease-associated deaths were defined
as deaths from relapse or progression of ATL. Transplant-
related deaths were defined as any death without relapse or
progression of ATL.

Descriptive statistics were used to summarize variables
related to patient demographic and transplant character-
istics. Comparisons between Pt-non-CR and patients in CR
at transplantation (Pt-CR) were performed with the Fisher’s
exact test for categorical variables and the Mann—Whitney
U test for continuous variables.

The probability of overall survival was estimated
according to the Kaplan—Meier method, and univariable
comparisons among the groups were made using the log-
rank test. Data on patients who were alive at the time of last
follow-up were censored. Fine and Gray’s proportional-
hazards model for subdistribution of a competing risk was
used to analyze the cumulative incidences of TRM and
DAM. For DAM, transplant-related deaths were competing
events; for TRM, disease-associated deaths were competing
events. Gray’s test was used for group comparisons of
cumulative incidence [17].

Cox’s proportional-hazards regression model [18] was
used to evaluate variables potentially affecting overall sur-
vival. Variables considered were recipient age group (<50
years and 250 years); recipient sex (female and male); lines
of chemotherapy prior to transplantation (1 and >2); donor
source (related and unrelated); Human Leukocyte Antigen
(HLA) matching (matched and mismatched); disease status
before transplantation (CR and non-CR); type of con-
ditioning regimen (reduced-intensity conditioning [RIC]
and myeloablative conditioning [MAC]); ECOG-PS before
transplantation (ECOG-PS, 0-1, and 2-4); and soluble
interleukin-2 receptor (sIL-2R) level (sIL-2R <2000 U/mL
and 22000 U/mL). Conditioning regimens were classified
as myeloablative when total-body irradiation was >8 Gy,
oral busulfan was 29 mg/kg, intravenous busulfan was
>7.2 mg/kg, or melphalan was >140 mg/m?, in accordance
with the report by Giralt et al. [19]. HLA matching between
patient and donor was defined according to the results of
serological or molecular typing for HLA-A, B, and DR
antigens. Results were expressed as hazard ratios with 95%
confidence interval (CI). All tests were two-sided, and a
P value of less than 0.05 was considered to indicate sta-
tistical significance. All statistical analyses were performed
with EZR (Saitama Medical Center, Jichi Medical
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University), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria) [20]
or STATA version 13 (StataCorp LLC, College
Station, TX).

Results
Patients characteristics

Table 1 shows the characteristics of the patients. Of the 62
patients, 21 (34%) received allo-HSCT while in CR and 41
(66%) while in non-CR. The patients who received trans-
plants in non-CR had higher ECOG-PS values, higher sIL-
2R levels, and shorter follow-up periods. Among the Pt-
non-CR, 13 of 41 were ECOG-PS 24 (PS 2, n=9; PS 3,
n =4), while there was only one patient with ECOG-PS 24
among the 21 Pt-CR (PS 3, n = 1). At transplantation, none
of the 21 Pt-CR had sIL-2R levels of >2000 U/mL, while 19
of the 41 Pt-non-CR had sIL-2R levels of 22000 U/mL. Pt-
CR had received a median 1 line (range 1-3) of che-
motherapy, while Pt-non-CR had received a median 2 lines
(range 1-5) of chemotherapy prior to allo-HSCT. Che-
motherapy regimens prior to transplant and detailed trans-
plant procedures are shown in Tables S1 and S2,
respectively. Conditioning regimen, graft-versus-host dis-
ease (GVHD) prophylaxis, and infection prophylaxis were
similar in both transplant centers. Cyclophosphamide +
total-body irradiation was used as the myeloablative con-
ditioning regimen, while fludarabine 4+ melphalan-based or
fludarabine + busulfan-based regimen was used as the RIC
regimen. For GVHD prophylaxis, cyclosporine A + short-
term methotrexate was used in patients transplanted from an
HLA-matched related donor, while tacrolimus + short-term
methotrexate was used in patients transplanted from an
unrelated or HLA-mismatched related donor. Antimicrobial
prophylaxis with levofloxacin, antifungal prophylaxis with
fluconazole or voriconazole, varicella-zoster virus prophy-
laxis with acyclovir, and Pneumocystis jirovecii pneumonia
prophylaxis with trimethoprim—sulfamethoxazole were
standard prophylaxis for infection.

The ratio of Pt-non-CR to Pt-CR was higher in the
University of the Ryukyus Hospital (Pt-non-CR, n = 34; Pt-
CR, n =9) than in Heartlife Hospital (Pt-non-CR, n = 7; Pt-
CR, n=12) (P=0.002). The majority of Pt-non-CR
underwent transplantation at the University of the Ryu-
kyus Hospital before 2008 (Table S3).

Overall survival and engraftment

Of the 62 patients included in the study, 16 were alive after
a median follow-up of 212.5 days (range, 6-4290 days).

Table 1 Patients characteristics compared by disease status at
transplantation

Patient’s disease status at

transplantation
CR Non-CR P value
(n=21) (n=41)
Median patients age,
years (range)
52 (27-63) 53 (32-67) 0.623
Age range at transplantation, n (%)
<50 years 8 (38.1) 14 (34.1) 0.785
250 years 13 (61.9) 27 (65.9)
Sex, n (%)
Male 12 (57.1) 18 (43.9) 0.423
Female 9 (42.9) 23 (56.1)
Clinical subtype, n (%)
Acute 17 (81.0) 33 (80.5) 0.947
Lymphoma 3 (14.3) 5(12.2)
Unfavorable chronic 1 (4.8) 3(7.3)
Lines of chemotherapy prior to transplantation, n (%)
1 11 (52.4) 15 (36.6) 0.283
22 10 (47.6) 26 (63.4)
Median lines of therapy
to transplantation, n (range)
1(1-3) 2 (1-5) 0.049
Disease status at transplantation
CR 21 (100)
PR 20 (48.8)
SD 6 (14.6)
PD 15 (36.6)
ECOG-PS at transplantation, n (%)
0-1 20 (95.2) 28 (68.3) 0.020
2-4 1 (4.8) 13 31.7)
sIL-2R range at transplantation, n (%)
<2000 U/mL 21 (100) 18 (43.9) <0.001
22000 U/mL 0 (0) 19 (46.3)
Uncertain/missing 0 (0) 4 (9.8)
Donor source, n (%)
Related 16 (76.2) 28 (68.3) 0.570
Unrelated 5(23.8) 13 31.7)
HLA matching, n (%)
Matched 16 (76.2) 29 (70.7) 0.768
Mismatched 5(23.8) 12 (29.3
Conditioning regimen, n (%)
MAC 8 (38.1) 16 (39.0) 1.000
RIC 13 (61.9) 25 (61.0)
GVHD prophylaxis, n (%)
CsA based 15 (71.4) 27 (65.9) 0.777
Tac based 6 (28.6) 14 (34.1)
Median follow-up time,
days (range)
495 (29-4290) 122 0.003

N indicates number of patients

CR complete remission, PR partial response, SD stable disease, PD
progressive disease, ECOG Eastern Cooperative Oncology Group, PS
performance status s/L-2R soluble interleukin-2 receptor, HLA human
leukocyte antigen, MAC myeloablative conditioning, RIC reduced-
intensity conditioning, GVHD graft-versus-host disease, CsA cyclos-
porine A, Tac tacrolimus
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Fig. 1 Overall survival rate and MST in this cohort study. a Overall survival rate and MST for the whole cohort. MST and 3yOS rates of the 62
patients were 7.68 months (95% CI: 4.00-20.4) and 25.6% (95% CI: 14.8-37.8), respectively. b Overall survival rate and MST according to
disease status at transplantation (CR vs. non-CR). Among the CR patients, MST and 3yOS rate of the 21 patients were 21.4 months (95% CI: 10.7-
NA) and 43.6% (95% CI: 20.3—64.9%), respectively. Among the non-CR patients, MST and 3yOS rate of the 41 patients were 4.00 months (95%
CI: 2.62-7.68) and 16.8% (95% CI: 6.7-30.7%), respectively. The solid line shows the overall survival of CR patients and the dashed line shows
that of non-CR patients. MST median survival time, 3yOS 3-year overall survival, CI confidence interval, CR complete remission, HSCT

hematopoietic stem cell transplantation

The unadjusted 3-year probability of overall survival was
25.6% (95% CI, 14.8-37.8%) and the median survival time
was 7.68 months for the whole cohort (Fig. 1a). Pt-CR had a
higher 3-year probability of survival than Pt-non-CR
(43.6% [95% CI, 20.3-64.9%] vs. 16.8% [95% CI,
6.7-30.7%], P=0.005) (Fig. 1b). The cumulative inci-
dence of neutrophil engraftment within 28 days after
transplantation was 100% in Pt-CR and 94.3% (95% ClI,
75.5-98.8%) in Pt-non-CR (P =0.115) (Fig. S1). Median
time to neutrophil recovery in Pt-CR and Pt-non-CR was
14 days (11-22 days) and 15 days (10-28 days),
respectively.

Univariable analyses for the whole cohort revealed five
factors that adversely affected overall survival (Table 2):
age >50 years (hazard ratio [HR], 2.09; 95% CI, 1.07-4.08;
P =0.031), lines of chemotherapy prior to transplantation
>2 (HR, 2.14; 95% CI, 1.12-4.08; P =0.006), non-CR at
transplantation (HR, 2.71; 95% CI, 1.33-5.52; P =0.006),
ECOG-PS 24 (HR, 5.70; 95% CI, 2.78-11.68; P <0.001),
and sIL-2R >2000 U/mL at transplantation (HR, 3.10; 95%
CI, 1.64-5.90; P<0.001). Because disease status at trans-
plantation, sIL-2R level, and lines of chemotherapy prior to
transplantation co-vary, sIL-2R and lines of chemotherapy
were not examined in multivariable analysis. In multi-
variable analysis, ECOG-PS 2-4 (HR, 6.08; 95% CI,
2.76-13.37; P<0.001), age =50 years (HR, 2.50; 95% CI,
1.26-4.95; P =0.009), and non-CR status at transplantation
(HR, 2.11; 95% CI, 1.01-4.42; P=0.047) were sig-
nificantly associated with worse OS (Table 2).

We performed subgroup analysis of the non-CR patient
group to analyze the effect of pretransplantation factors on
overall survival in Pt-non-CR. Univariable analysis of
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survival in non-CR patients identified two factors, which
adversely affected overall survival: ECOG-PS 24 (HR, 4.27,
95% CI, 1.97-9.26; P<0.001) and sIL-2R >2000 U/mL
at transplantation (HR, 2.38; 95% CI, 1.13-5.02; P =0.022)
(Table 3). Multivariable analysis also revealed that higher
ECOG-PS values (HR, 3.69; 95% CI, 1.63-8.35; P<0.001)
and sIL-2R (HR, 2.24; 95% CI, 1.05-4.81; P = 0.038) were
associated with poorer overall survival (Table 3). The 1-year
overall survival rates in Pt-non-CR with ECOG-PS 0-1 and
those with ECOG-PS 24 were 429% (95% CIL
24.6-60.0%) and 7.7% (95% CI: 0.5-29.2%), respectively
(P<0.001) (Fig. 2a). The 1-year overall survival rates in Pt-
non-CR with sIL-2R levels of <2000 U/mL and those with
sIL-2R > 2000 U/mL were 50.0% (95% CI: 25.9-70.1%) and
21.1% (95% CIL: 6.641.0%), respectively (P =0.020)
(Fig. 2b).

Transplant-related mortality and DAM

Overall, 26 (41.9%) patients died from transplant-related
complications. The cumulative incidence of TRM was 44.4%
(95% CI, 31-56.9%) for the whole cohort (Fig. S1). The
cumulative incidence of TRM in Pt-non-CR was significantly
higher than that in Pt-CR (46.3% [95% CI, 30.4-60.9%] vs.
15.7% [95% CI, 3.6-35.6%], P = 0.025) (Fig. 3a).

Death from progression of ATL occurred in 17 (27.4%)
patients. The cumulative incidence of DAM was 30.0%
(95% CI, 18.4-42.5%) for the whole cohort (Fig. S2). The
cumulative incidence of DAM in patients who received
transplants in non-CR and in those who received transplants
in CR were 31.1% (95% CI, 16.8-46.6%) and 28.2% (95%
CI, 9.5-50.6%), respectively. There was no significant
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Table 2 Univariate and multivariate analysis for survival in
whole cohort

Table 3 Univariable and multivariable analyses for survival in patients
with non-CR at transplantation

Univariate analysis Number  Hazard ratio (95% CI) P value
variables
Age range at transplantation

<50 years 22 1.00 Reference

>50 years 40 2.09 (1.07-4.08) 0.031
Sex

Female 32 1.00 Reference

Male 30 0.72 (0.4-1.32) 0.294
Lines of chemotherapy before transplantation

1 26 1.00 Reference

22 36 2.14 (1.12-4.08) 0.020
Donor source

Related 44 1.00 Reference

Unrelated 18 0.83 (0.42-1.65) 0.601
HLA matching

Matched 45 1.00 Reference

Mismatched 17 1.01 (0.51-2.00) 0.983
Disease status at transplantation

CR 21 1.00 Reference

Non-CR 41 2.71 (1.33-5.52) 0.006
ECOG-PS at transplantation

0-1 48 1.00 Reference

2-4 14 5.70 (2.78-11.68)  <0.001
sIL-2R range at transplantation

<2000 U/mL 39 1.00 Reference

22000 U/mL 19 3.10 (1.64-5.90) <0.001

Uncertain/missing 4 11.53 (3.54-37.49) <0.001
Conditioning regimen

MAC 24 1.00 Reference

RIC 38 1.15 (0.62-2.13) 0.668
GVHD prophylaxis

CsA based 42 1.000 Reference

Tac based 20 0.78 (0.40-1.52) 0.470

Multivariate analysis variables

Age range at transplantation

<50 years 22 1.00 Reference

250 years 40 2.50 (1.26-4.95) 0.009
Disease status at transplantation

CR 21 1.00 Reference

Non-CR 41 2.11 (1.01-4.42) 0.047
ECOG-PS at transplantation

0-1 48 1.00 Reference

2-4 14 6.08 (2.76-13.37) <0.001

CR complete remission, CI confidence interval, HLA human leukocyte
antigen, ECOG Eastern Cooperative Oncology Group, PS perfor-
mance status, sIL-2R soluble interleukin-2 receptor, MAC myeloa-
blative conditioning, RIC reduced-intensity conditioning, GVHD graft-
versus-host disease, CsA cyclosporine A, Tac tacrolimus

difference in cumulative incidence of DAM between Pt-CR
and Pt-non-CR (P =0.725) (Fig. 3b).

Among 41 Pt-non-CR, 22 patients attained CR after
transplantation, while 14 patients did not. Disease status

Variables Number Hazard ratio (95% CI) P value
Univariable analysis
Age range at transplantation

<50 years 14 1.00 Reference

250 years 27 1.71 (0.81-3.61) 0.157
Sex

Female 23 1.00 Reference

Male 18 0.87 (0.43-1.73) 0.687
Lines of chemotherapy before transplantation

1 15 1.00 Reference

>2 26 1.42 (0.69-2.93) 0.346
Donor source

Related 28 1.00 Reference

Unrelated 13 0.70 (0.32-1.50) 0.356
HLA matching

Matched 29 1.00 Reference

Mismatched 12 1.08 (0.52-2.30) 0.835
ECOG-PS at transplantation

0-1 28 1.00 Reference

2-4 13 4.27 (1.97-9.26) <0.001
sIL-2R range at transplantation

<2000 U/mL 18 1.00 Reference

22000 U/mL 19 2.38 (1.13-5.02) 0.022

Uncertain/missing 4 7.82 (2.26-27.04) 0.001
Conditioning regimen

MAC 16 1.00 Reference

RIC 25 0.77 (0.38-1.54) 0.459
GVHD prophylaxis

CsA based 27 1.00 Reference

Tac based 14 0.66 (0.31-1.40) 0.278

Multivariable analysis
ECOG-PS at transplantation

0-1 28 1.00 Reference
2-4 13 3.69 (1.63-8.35) 0.001
sIL-2R range at transplantation
<2000 U/mL 18 1.00 Reference
22000 U/mL 19 2.24 (1.05-4.81) 0.038
Uncertain/missing 4 3.70 (1.63-8.35) 0.007

CR complete remission, CI confidence interval, HLA human leukocyte
antigen, ECOG Eastern Cooperative Oncology Group, PS perfor-
mance status, sIL-2R soluble interleukin-2 receptor, MAC myeloa-
blative conditioning,

RIC reduced-intensity conditioning, GVHD graft-versus-host disease,
CsA cyclosporine A, Tac tacrolimus

after transplantation was not evaluable for five patients in
Pt-non-CR. In the non-CR group, TRM was significantly
higher in patients with ECOG-PS 2—4 than in those with
ECOG-PS 0-1 (PS 2-4; 69.2% [95% CI, 31.5-88.9%] vs.
PS 0-1; 357% [95% CI, 18.4-53.7%], P=0.027)
(Fig. S3A). On the other hand, there was no significant
difference in DAM between patients with ECOG-PS 24
and those with ECOG-PS 0-1 (PS 2-4; 23.1% [95% CI,
4.5-49.9%] vs. PS 0-1; 21.4% [95% CIl, 8.4-38.3%], P =
0.971) (Fig. S3B). The sIL-2R level at transplantation did
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PS performance status, CI confidence interval, sIL-2R soluble interleukin-2 receptor, HSCT hematopoietic stem cell transplantation
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Fig. 3 Cumulative incidence of transplant-related mortality and disease-associated mortality according to disease status at transplantation. a
Cumulative incidences of transplant-related mortality 1 year after transplantation among non-CR patients and CR patients were 46.3% (95% CI:
30.4-60.9%) and 15.7% (95% CI: 3.6-35.6%), respectively (P =0.025). b Cumulative incidences of disease-associated mortality 1 year after
transplantation among non-CR patients and CR patients were 22.0% (95% CI: 10.7-35.8%) and 15.7% (95% CI: 3.6-35.6%), respectively (P =
0.725). The solid line shows the cumulative incidence of patients in CR and the dashed line shows that in non-CR patients. CR complete remission,

CI confidence interval, HSCT hematopoietic stem cell transplantation

not have an effect on TRM (sIL-2R >2000 U/mL; 52.6%
[95% CI, 27.3-72.8%] vs. sIL-2R <2000 U/mL; 33.3%
[95% CI, 13.1-55.3%], P=0.206) and DAM (sIL-2R >
2000 U/mL; 26.3% [95% CI, 8.9-47.9%] vs. sIL-2R <
2000 U/mL; 16.7% [95% CI, 3.8-37.5%], P =0.687)
(Fig. S4).

Causes of death after transplantation

The causes of death after transplantation in ATL patients
are summarized in Table 4. Among the 41 Pt-non-CR, 12
died of the primary disease, and 21 died of transplant-

related complications. Infection was the most common
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cause of death among the transplant-related complications
(sepsis, n =4; bacterial pneumonia, n =2; CMV pneu-
monia, n = 1; HCV hepatitis, n = 1). However, 10 of 21
patients died of various transplant-related complications
other than infection, such as GVHD (n = 3), interstitial
pneumonia (n=2), intracranial hemorrhage (n=1),
posttransplant encephalopathy (n=1), acute respiratory
distress syndrome (n = 1), bronchiolitis obliterans (n = 1),
and veno-occlusive disease (n=1). Notably, eight
patients died of transplant-related complications before
posttransplant day 50, while only one patient died of the
primary disease during the same period. Among the 21 Pt-
CR, 5 died of the primary disease, and 5 died of
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Table 4 Cause of death in CR and non-CR patients

Cause of death Number Onset (days after transplant)
CR patients
Primary disease 5 73, 120, 342, 495, 718
TRM
Infection
Sepsis 1 184
GVHD 2 211, 622
Noninfectious CNS complications
Intracranial 1 328
hemorrhage
Unspecified TRM 1 652
Total 10

Non-CR patients

Primary disease 12 43,74, 75, 80, 102, 147, 158,
197, 234, 454, 808, 852
TRM
Infection
Sepsis 4 6, 14, 18, 807
Pneumonia 2 118, 122
CMV pneumonia 1 182
HCV hepatitis 1 97
GVHD 3 97, 106, 109
Noninfectious CNS complications
Intracranial 1 38
hemorrhage
Posttransplant 1 423

encephalopathy
Noninfectious pulmonary complications

Interstitial 2 77, 79
pneumonia
ARDS 1 35
Bronchiolitis 1 284
obliterans
Noninfectious liver complications
VOD 1 32
Unspecified TRM 3 19, 29, 171
Total 33

CR indicates complete remission, GVHD graft-versus-host disease,
CNS central nervous system, TRM transplant-related mortality, CMV
cytomegalovirus, HCV hepatitis C virus, ARDS acute respiratory
distress syndrome, VOD veno-occlusive disease

transplant-related complications. There was only one
patient who died of obvious infection (sepsis), and none
of these patients died before posttransplant day 50.

Discussion

This study on allo-HSCT in ATL patients demonstrated that
the extremely poor outcomes in Pt-non-CR were

attributable to TRM rather than DAM. Contrary to our
initial expectations, the DAM rate of Pt-CR almost equaled
that of Pt-non-CR. Disease status other than CR at trans-
plantation in patients with aggressive ATL is associated
with a low survival rate [15, 21], and it is widely accepted
that disease progression might contribute to the poor sur-
vival rate after allo-HSCT in non-CR ATL patients. To our
knowledge, however, there have been no reports focusing
on the prognostic impact of disease status at transplantation
on TRM following allo-HSCT in ATL patients.

In this study, high ECOG-PS values and high sIL-2R
levels were significantly associated with poor survival in Pt-
non-CR. In ATL patients, a high level of sIL-2R (2000 U/
mL or higher) at transplantation is known to be a significant
risk factor for poor overall survival and disease progression
after allo-HSCT [21]. In our cohort, none of the Pt-CR had
high levels of sIL2-R, indicating that the level of circulating
sIL-2R closely reflects the disease status of ATL. Although
sIL-2R levels correlate with tumor burden in ATL [22, 23],
in the current study, high sIL-2R levels at transplantation
were not associated with DAM in Pt-non-CR. These find-
ings indicate that sIL-2R levels would not provide sufficient
information to enable a decision to be made on whether to
proceed with additional chemotherapy and/or immunother-
apy before allo-HSCT in non-CR patients because intensive
therapies before transplantation can give rise to various
complications after allo-HSCT.

The major causes of death in Pt-non-CR were not due to
disease progression, and infection was the most common
cause of death among a variety of complications. In contrast
to our results, relapse and disease progression are the pre-
dominant causes of treatment failure and mortality after
allo-HSCT in patients with refractory acute myeloid leu-
kemia (AML) [24, 25]. A low number of naive T-
lymphocytes may underlie the mechanism of immunodefi-
ciency in HTLV-1 infected individuals [26]. Indeed, ATL
patients are susceptible to various opportunistic infections
and it has been reported that infection-related mortality is
significantly higher than in patients with AML and acute
lymphoblastic leukemia (ALL) [27]. Therefore, complica-
tions caused by infections may have a stronger impact on
survival after allo-HSCT in patients with ATL than in
patients with other hematological malignancies.

The high rate of complications among Pt-non-CR raises
the question as to why transplant-related complications
cause more severe problems for Pt-non-CR than for Pt-
CR. Kozako et al. reported that the expression of pro-
grammed death-1 in CD8" T-cells, including in cytome-
galovirus- and Epstein—Barr virus specific cytotoxic T-
cells, was significantly higher in patients with ATL than
in HTLV-I carriers and control individuals [28]. It is
tempting to speculate that the compromised cellular
immunity in ATL patients is attributable to T-cell
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exhaustion induced by overexpression of programmed
death-1 ligand in tumor cells [29]. Therefore, compared
with those in CR, patients with ATL in non-CR may show
reduced immune responses to various pathogens. We also
noticed that a certain number of Pt-non-CR died of
transplant-related complications other than infection, but
we could not clarify whether residual ATL gave rise to
these complications (Table 4).

A nationwide retrospective study of allo-HSCT in ATL
patients revealed transplantation outcomes similar to that of
the whole cohort in our study, that is, 3-year overall survival,
cumulative incidence of TRM, and disease-associated death
rates were 33%, 37%, and 21%, respectively [15]. It also
showed that transplant-related events were the principal cau-
ses of early death, while disease-associated deaths were more
common in the later phases [15]. We demonstrated that
transplant-related deaths in the early phase of allo-HSCT in
ATL patients were prominent among Pt-non-CR (Fig. 3 and
Table 4). Interestingly, the cumulative incidence of disease-
associated death of Pt-CR at transplantation was roughly
equivalent to that of Pt-non-CR in the current study. These
results suggest that disease progression after transplantation in
Pt-non-CR cannot be evaluated properly due to the early
deaths of the patients.

Shigematsu et al. reported that the 5-year overall survival
rate of patients with aggressive ATL who received allo-HSCT
in CR was more than 60% [21], while in the current study, the
3-year overall survival rate of ATL Pt-CR was only 43.6%.
Patients with aggressive ATL who do not receive allo-HSCT
in Okinawa Prefecture show poorer clinical outcomes than
those patients in other areas of Japan [30]. The difference in
clinical outcomes between patients with ATL in Okinawa and
those in other areas of Japan might be partly attributed to the
different distribution of the HTL V-1 tax genotype in Okinawa
from mainland of Japan [31]. Further study is needed to
clarify the impact of geographical factors and/or genetic
backgrounds of ATL patients on transplantation outcomes
after allo-HSCT in Okinawa.

Since this study was an observational retrospective study and
included a small patient population, we cannot draw definitive
conclusions about factors affecting the outcomes of allo-HSCT
in all ATL patients. However, our study included all patients
with aggressive ATL who received allo-HSCT in Okinawa
Prefecture during the study period. Therefore, the results of our
study reflected actual conditions of allo-HSCT for ATL in
Okinawa. Because patients received transplantation without
strict transplant eligibility criteria, patients with poor ECOG-PS
were included in this study. Indeed, there was one patient with
an ECOG-PS of three in Pt-CR and four patients with an
ECOG-PS of three in Pt-non-CR. No patients had ECOG-PS 4
in either group. Even after excluding patients with ECOG-PS of
three, similar results were seen in these patients (Fig. S5 and
Table S4). In this study, 41 Pt-non-CR included 20 patients
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with partial response, 6 patients with stable disease, and 15
patients with progressive disease at transplantation (Table 1).
Worse disease status was associated with lower overall survival
and higher TRM, but did not affect DAM (Fig. S6).

Intensive chemotherapy for patients with ATL is effec-
tive for the first several courses of treatments. However, it is
difficult to complete planned treatments because of toxicity
and/or loss of effectiveness of the chemotherapy [8]. In
cases of dismal outcomes after intensive chemotherapy in
ATL patients, hematologists often consider allo-HSCT as a
treatment option for patients with aggressive ATL in non-
CR. Indeed, in the current study, and in other retrospective
studies of allo-HSCT for aggressive ATL, the number of Pt-
non-CR tends to be more than double that of Pt-CR
[15, 27]. Since the early application of allo-HSCT is con-
sidered to reduce TRM and improve overall survival in
patients with aggressive ATL, we should consider both the
disease status at transplantation and the optimal timing of
allo-HSCT. Furthermore, we should also consider more
effective treatment strategies to reduce disease progression
and relapses after allo-HSCT.

In conclusion, we revealed that high TRM rates in the
early posttransplantation phase contribute considerably to
the poor survival rate of patients with ATL who received
allo-HSCT while in non-CR. Even after overcoming com-
plications in the early phase, disease progression and
relapse remain important problems in patients with ATL
both in non-CR and in CR at transplantation. Our findings
suggest that not only treatment for disease control but also
intensive management to prevent transplant-related com-
plications is required in order to improve the success rate of
transplantation in ATL patients who cannot achieve CR
before allo-HSCT. Furthermore, more effective therapeutic
strategies for ATL are required to attain CR in patients
undergoing allo-HSCT.
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