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Adult T-cell leukemia-lymphoma is a distinct type of peripheral T-
cell lymphoma caused by human T-cell lymphotropic virus type
I. Although allogeneic stem cell transplantation after chemothera-

py is a recommended treatment option for patients with aggressive adult
T-cell leukemia-lymphoma, there is no consensus about indications for
allogeneic stem cell transplantation because there is no established risk
stratification system for transplant eligible patients. We conducted a
nationwide survey of patients with aggressive adult T-cell leukemia-lym-
phoma in order to construct a new, large database that includes 1,792
patients aged 70 years or younger with aggressive adult T-cell leukemia-
lymphoma who were diagnosed between 2000 and 2013 and received
intensive first-line chemotherapy. We randomly divided patients into
two groups (training and validation sets). Acute type, poor performance
status, high soluble interleukin-2 receptor levels (> 5,000 U/mL), high
adjusted calcium levels (≥ 12 mg/dL), and high C-reactive protein levels
(≥ 2.5 mg/dL) were independent adverse prognostic factors used in the
training set. We used these five variables to divide patients into three risk
groups. In the validation set, median overall survival for the low-, inter-
mediate-, and high-risk groups was 626 days, 322 days, and 197 days,
respectively. In the intermediate- and high-risk groups, transplanted
recipients had significantly better overall survival than non-transplanted
patients. We developed a promising new risk stratification system to
identify patients aged 70 years or younger with aggressive adult T-cell
leukemia-lymphoma who may benefit from upfront allogeneic stem cell
transplantation. Prospective studies are warranted to confirm the benefit
of this treatment strategy.
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ABSTRACT



Introduction

Adult T-cell leukemia-lymphoma (ATL) is a distinct type
of peripheral T-cell lymphoma caused by human T-cell
lymphotropic virus type I (HTLV-1).1 Patients with aggres-
sive ATL such as the acute or lymphoma subtype have dis-
mal outcomes, even with intensive chemotherapy.2-6
Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a promising treatment option for patients with
aggressive ATL.7-9 However, there is still no consensus on
whether all patients with aggressive ATL should undergo
upfront allo-HSCT, because there is no direct comparison
of clinical outcomes among non-transplanted and trans-
planted patients using one large database. In addition, risk
stratification of aggressive ATL in transplant eligible
patients is not yet well established, mostly due to a lack of
prospective randomized studies.
A retrospective study of 807 patients in Japan described

a prognostic index for acute and lymphoma type ATL
(ATL-PI) that included stage, Eastern Cooperative
Oncology Group performance status (ECOG PS), age,
albumin, and soluble interleukin-2 receptor (sIL-2R) level.3
However, in that study, allo-HSCT recipients were exclud-
ed to establish ATL-PI, and a large proportion of patients
older than 70 years, who are usually not candidates for
allo-HSCT, were included. In patients with acute myeloid
leukemia (AML), analysis of cytogenetic abnormalities
and specific genes is widely used to improve risk stratifi-
cation and identify patients who can benefit from upfront
allo-HSCT. Such a prognostication system is needed for
patients with ATL who are transplant eligible in order to
reasonably consider the use of upfront allo-HSCT. Herein,
we aim to develop a new prognostic index in patients
with aggressive ATL aged 70 years or younger using a
large database of 1,191 non-transplanted patients and 601
allo-HSCT recipients, thus making it possible to assess the
impact of allo-HSCT in each risk group within this single
database. 

Methods

Data Source
We conducted a nationwide survey of patients with aggressive

ATL to construct a new large database. This study was approved
by the institutional review board of the National Cancer Center in
Tokyo, Japan (No. 2014-179). First, we invited 232 hospitals with
a department of hematology in Japan to complete a questionnaire;
99 hospitals returned the questionnaire to the data center. We
included patients aged 70 years or younger with aggressive ATL
(acute and lymphoma type ATL) who were diagnosed between
2000 and 2013 and received intensive chemotherapy with multi-
ple chemotherapeutic drugs as first-line therapy. We only included
patients who received intensive chemotherapy as first-line thera-
py because ATL patients who are not candidates for intensive
chemotherapy are usually not candidates for allo-HSCT. In this
study, we defined intensive chemotherapy as chemotherapeutic
regimens including at least two intravenous cytotoxic chemother-
apeutic drugs. The information about primary induction therapy is
shown in the Online Supplementary Table S1. This database includ-
ed the same cohort of patients who received allo-HSCT as in our
previous analysis.10 We also expected that some of the patients in
this database were also included in previous national surveys.3,6,7

In this study, the upper age limit was defined as 70 years, as
recently the indication of allo-HSCT has been broadened to

include patients of age 70 years or above.11,12 As it is still uncom-
mon in Japan that patients aged above 70 years receive allo-HSCT,
we set the upper limit of age at 70 years.  

Statistical analysis
Descriptive statistical analysis was performed to assess the

patients’ characteristics. Medians and ranges are provided for con-
tinuous variables, and percentages are shown for categorical vari-
ables. The probability of overall survival (OS) was calculated using
the Kaplan-Meier method from date of diagnosis to date of death,
or from 180 days after diagnosis to date of death in a landmark
analysis. Initially, patients who underwent allo-HSCT were cen-
sored on the day of allo-HSCT when developing the prognostic
index (PI) in order to reduce the impact of allo-HSCT on OS. We
also assessed whether the PI works even when patients who
underwent allo-HSCT were not censored on the day of allo-
HSCT. In the analysis assessing the impact of allo-HSCT, we did
not censor allo-HSCT. A Cox proportional hazards regression
model was used to analyze OS. The cumulative incidence of
relapse or progression was evaluated using the Fine and Gray
model in univariate and multivariate analyses.13 In the competing-
risks models for relapse and progression, death before these events
was defined as a competing risk.
Variables included in the analysis were sex, age, clinical subtype

(acute or lymphoma type), ECOG PS, Ann Arbor stage, and labo-
ratory data at diagnosis including white blood cell (WBC) count,
and levels of serum albumin, blood urea nitrogen (BUN), sIL-2R,
adjusted serum calcium (Ca), and C-reactive protein (CRP).
Classification of clinical subtype was based on a previously report-
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Table 1. Baseline Characteristics of All Patients (n=1,792).
Variable                                                    No                               %

Age, years                                                                                                         
median, range                                            60 (20-70)                                 
Sex
Female                                                               803                                    44.9
Male                                                                    986                                    55.1
Subtype
Acute type                                                        1,259                                  70.3
Lymphoma type                                                533                                    29.7
White blood cell count, x 106/L                                                             
median, range                                   9,800 (700-726,000)                         
Serum albumin, g/dL                                                                                     
median, range                                          3.7 (1.6-5.7)                               
Blood urea nitrogen, mg/dL                                                                  
median, range                                           14 (3-109)                                 
Soluble IL2R, U/mL                                                                                        
median, range                                19,400 (237-3,330,170)
Adjusted calcium, mg/dL                                                                        
median, range                                         9.6 (7.0-26.0)                              
C-reactive protein, mg/dL                                                                            
median, range                                      0.73 (0.00-34.92)                           
Ann Arbor stage                                                                                        
I-II                                                                      129                                     7.2
III-IV                                                                 1,663                                  92.8
ECOG PS                                                                                                          
0-1                                                                     1,130                                  63.1 
2-4                                                                       662                                    36.9 
Allogeneic Transplant performed                601                                    33.5
IL2R: interleukine-2 receptor; ECOG PS: Eastern Cooperative Oncology Group per-
formance status.  



ed classification system.1,14 We included sIL-2R level in this model,
as sIL-2R is a commonly used biomarker in clinical practice for
ATL in Japan, and was demonstrated to be useful as a prognostic
factor of patients with ATL.3,15,16 

The data set was randomly divided into two groups (training
and validation sets). The training and validation sets included 907
and 885 patients, respectively. For continuous variables, a cubic
spline model with five knots at the 5th, 25th, 50th, 75th, and 95th per-
centiles was applied prior to data analysis. We evaluated the asso-
ciation between each variable and OS and decided on optimal cut-
offs to make the scoring system clinically appropriate, practicable,
and easy to use. We then applied a backward elimination variable
selection algorithm, and retained only those variables that con-
tained at least one statistically significant category (P<0.05) in the
final model. Integer weights for the scoring system were derived
from a Cox proportional hazards model applied to the training set.
The PI score was the sum of these weights. Finally, PI scores were
grouped based on Akaike’s information criterion (AIC).
The PI scores were applied to the validation set. To assess the

discriminatory capability of the PI score for three-year OS, we
computed the c-statistic and Predicted SEParation (PSEP).17,18 All
statistical analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

Patients’ characteristics
In total, data from 2,703 patients were obtained from 99

institutions across Japan. Patients who did not meet the
inclusion criteria, e.g., >70 years old, no intensive
chemotherapy, chronic type ATL, diagnosis in 2014, and
lack of data about clinical outcome or variables included in
the analyses, were excluded. Consequently, a total of
1,792 patients were included in further analyses. Patients’
characteristics are shown in Table 1. The median age was
60 years (range, 20–70 years), and the median follow up of
surviving patients was 1,003 days after diagnosis (range, 7
to 5,302 days). The median OS was 346 days (three-year
OS, 19.6%, 95% confidence interval (CI), 17.0 to 22.3). 

Development of a Prognostic Index with the Training
Set
We randomly assigned patients into either the training

or validation set. We performed univariate analyses with
the variables mentioned above. As shown in Table 2, clin-
ical subtype (lymphoma vs. acute), ECOG PS (0–1 vs. 2–4),
sIL-2R (> 5,000 U/mL), adjusted Ca (≥ 12 mg/dL), and CRP
(≥ 2.5 mg/dL) were retained as independent prognostic
factors in a multivariate analysis using the training set.
Based on the regression coefficients for these variables,
each variable was assigned a weight of 1 and the PI score
was defined as the number of following characteristics
present: clinical subtype acute type, ECOG PS 2-4, adjust-
ed Ca ≥ 12 mg/dL, CRP ≥ 2.5 mg/dL and sIL-2R > 5,000
U/mL.
OS rates stratified by PI score are shown in Figure 1A.

On the basis of the best discrimination according to the
AIC in the training set, scores of 0 and 1 were categorized
into the low-risk group, 2 and 3 into the intermediate-risk
group, and 4 and 5 into the high-risk group. Kaplan-Meier
survival curves of the training set grouped by PI are shown
in Figure 1B. The median survival was 562 days (95% CI,
436 to 867 days) in the low-risk group, 337 days (95% CI,
307 to 378 days) in the intermediate-risk group, and 206
days (95% CI, 166 to 225 days) in the high-risk group. The

probability of three-year OS was 34.6% (95% CI, 25.5%
to 43.9%) in the low-risk group, 18.7% in the intermedi-
ate-risk group (95% CI, 14.2% to 23.7%), and 0.0% in the
high-risk group (95% CI, 0.0% to 0.0%) (P<0.0001; chi-
square, 93.18; log-rank test).

Validation of the Prognostic Index in the Validation Set
Patients in the validation set were grouped according to

the score from the new PI. As shown in Figure 2A, good
separation in the probability of OS was achieved with this
PI (P<0.0001; χ2 74.53; AIC, 5,285.12; area under curve
[AUC], 0.93 [95% CI, 0.88 to 0.97]; PSEP of 3-year OS,
0.28). Median OS was 626 days (95% CI, 518 to 820 days)
in the low risk-group, 322 days (95% CI, 291 to 409 days)
in the intermediate-risk group, and 197 days (95% CI, 171
to 278 days) in the high-risk group. The probability of
three-year OS was 32.6% (95% CI, 23.8% to 41.7%) in
the low-risk group, 18.5% (95% CI, 13.9% to 23.5%) in
the intermediate-risk group, and 6.0% in the high-risk
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Figure 1. Overall survival rates in the training set. Overall survival stratified by
(A) prognostic index score and (B) prognostic index risk group in the training set.
The score was defined as the number of the following characteristics present:
acute type, ECOG PS 2–4, adjusted Ca ≥ 12 mg/dL, CRP ≥ 2.5 mg/dL, and sol-
uble interleukin-2 receptor > 5,000 U/mL. ECOG PS: Eastern Cooperative
Oncology Group performance status; CRP: C-reactive protein; Ca: calcium.  

A

B

P<0.0001

P<0.0001



group (95% CI, 1.8% to 13.9%). When we did not censor
allo-HSCT, median OS was 622 days (95% CI, 485 to 748
days) in the low-risk group, 326 days (95% CI, 296 to 389
days) in the intermediate-risk group, and 208 days (95%
CI, 171 to 249 days) in the high-risk group (Figure 2B). The
probability of three-year OS was 36.0% (95% CI, 29.2%
to 42.9%) in the low-risk group, 22.9% (95% CI, 19.2% to
26.9%) in the intermediate-risk group, and 7.4% in the
high-risk group (95% CI, 3.8% to 12.6%). As shown in
Figure 2B, good separation was also achieved with this PI
(P<0.0001; χ2, 79.90; AIC, 8,143.64; AUC, 0.91 [95% CI,
0.86 to 0.95]; PSEP for three-year OS, 0.28).
When the ATL-PI proposed by Katsuya et al. was used,3

median OS was 622 days (95% CI, 460 to 796 days) in the
low-risk group, 306 days (95% CI, 291 to 371 days) in the
intermediate-risk group, and 182 days (95% CI, 153 to 262
days) in the high-risk group. The probability of three-year
OS was 33.5% (95% CI, 25.7% to 41.5%) in the low-risk
group, 15.1% (95% CI, 10.9% to 20.0%) in the intermedi-
ate-risk group, and not available in the high-risk group. As
shown in Figure 2C, good separation was also achieved
with ATL-PI (P<0.0001; χ2, 70.31; AIC, 5,288.77; AUC,
0.93 [95% CI, 0.88 to 0.97]; PSEP of three-year OS, 0.22).
However, the separation was better with the new PI than
with the original ATL-PI, as the new PI was the model
with a higher PSEP of three-year OS and a slightly lower
AIC than the original ATL-PI. 

Relapse or Progression
The median time to relapse or progression was 269 days

in the low-risk group, 182 days in the intermediate-risk
group, and 144 days in the high-risk group in the entire
cohort (Figure 2D). The cumulative incidence of three-
year relapse or progression was 78.1% (95% CI, 72.5% to
82.7%) in the low-risk group, 86.3% (95% CI, 83.2% to
88.8%) in the intermediate-risk group, and 92.6% (95%
CI, 87.7% to 95.6%) in the high-risk group (P<0.0001).

Impact of Allo-HSCT on the OS in Each Risk Group
In order to assess the impact of allo-HSCT in this data-

base, we compared the clinical outcomes between the
transplanted and non-transplanted patients. Patient char-
acteristics at diagnosis and the best response to primary
induction therapy comparing the transplanted and non-
transplanted groups are shown in the Online Supplementary
Table S2. Of the 601 patients who received allo-HSCT,
information about the intensity of the conditioning regi-
men was available for 592 of them. Out of 592 patients,
218 patients (36.8%) received a myeloablative condition-
ing regimen and 374 patients (63.2%) received a reduced

intensity conditioning regimen. In terms of stem cell
source, 160 patients (27.0%) received stem cells from a
human leukocyte antigen (HLA)-matched related donor,
258 (43.6%) from an unrelated volunteer donor, 136
(23.0%) from cord blood and 46 (7.8%) from a HLA-mis-
matched related donor. Patients in the transplanted group
had favorable patient characteristics compared to those in
the non-transplant group. In terms of the response to pri-
mary induction therapy, patients in the transplanted group
had better response rates than those in the non-transplant-
ed group. Stratified according to their response to primary
induction therapy, patients in the transplanted group had
a significantly better OS compared to those in the non-
transplanted group; patients who achieved complete
remission (CR) or partial remission (PR) by primary induc-
tion therapy (three-year OS 40.7% in transplanted
patients and 22.3% in non-transplanted patients, 
P<0.0001) as shown in the Online Supplementary Figure
S1A. Kaplan-Meier estimates of OS based on a landmark
analysis at 6 months after diagnosis in patients who
achieved CR or PR by primary induction therapy were
also assessed, as the median interval from diagnosis to
allo-HSCT was approximately 6 months in this cohort.
The probability of three-year OS was 43.1% (95% CI,
38.2% to 47.8%) in transplanted patients and 26.1% (95%
CI, 22.3% to 30.0%) in non-transplanted patients 
(P<0.0001, Online Supplementary Figure S1B).
Stratified by risk group at diagnosis, the probability of

three-year OS in transplanted and non-transplanted
patients was 41.4% (95% CI, 33.6% to 49.1%) and 29.2%
(95% CI, 23.2% to 35.4%) in the low-risk group, 39.7%
(95% CI, 34.4% to 45.0%) and 13.6% (95% CI, 10.9% to
16.6%) in the intermediate-risk group, and 26.7% (95%
CI, 17.1% to 37.3%) and 1.4% (95% CI, 0.3% to 4.5%) in
the high-risk group, respectively (Figure 3A-C). In the
intermediate- and high-risk groups, allo-HSCT was a sta-
tistically significant favorable prognostic factor for OS
when treated as a time-dependent variable based on the
time from date of diagnosis to transplantation and adjust-
ed for the five prognostic factors of the new PI: subtype of
ATL, CRP level, ECOG PS, sIL-2R, and adjusted Ca level
(low-risk group: hazard ratio (HR), 1.11; 95% CI, 0.86 to
1.43; P=0.443; intermediate-risk group: HR, 0.76; 95% CI,
0.64 to 0.91; P=0.0002; high-risk group: HR, 0.64; 95% CI,
0.45 to 0.91; P=0.0117). Kaplan-Meier estimates of OS
based on a landmark analysis at 6 months after diagnosis
were also assessed. Stratified by risk group, the probabili-
ty of three-year OS in transplanted and non-transplanted
patients was 43.8% (95% CI, 35.6% to 51.6%) and 33.5%
(95% CI, 26.7% to 40.4%) in the low-risk group, 42.9%

Modified prognostic index for aggressive ATL

haematologica | 2017; 102(7) 1261

Table 2. Independent Prognostic Factors in a Multivariate Analysis of Overall Survival with a Training Set (n = 907).
Variable HR 95%CI P 

Clinical subtype acute type (vs. lymphoma type) 1.43 1.15–1.77 0.001
ECOG PS 2-4 (vs. 0–1) 1.39 1.15–1.68 0.001
Adjusted Ca level ≥12 mg/dL (vs.<12 mg/dL) 1.50 1.19–1.88 0.001
CRP level ≥ 2.5 mg/dL (vs. <2.5 mg/dL) 1.44 1.18–1.77 <0.001
Soluble interleukin-2 receptor > 5,000 U/mL (vs. ≤ 5,000 U/mL) 1.58 1.21–2.06 0.001
Variables included in the analysis were as follows: sex, age, clinical subtype (acute or lymphoma type), ECOG PS, Ann Arbor stage and laboratory data at diagnosis including
white blood cell counts, serum albumin, blood urea nitrogen, sIL-2R, adjusted serum calcium level and C-reactive protein. HR: hazard ratio; CI: confidence interval; ECOG PS:
Eastern Cooperative Oncology Group performance status; Ca: calcium; CRP: C-reactive protein.   



(95% CI, 37.2% to 48.4%) and 19.5% (95% CI, 15.7% to
23.5%) in the intermediate-risk group, and 29.3% (95%
CI, 18.8% to 40.6%) and 3.3% (95% CI, 0.7% to 9.7%) in
the high-risk group, respectively (Figure 3D–F). Stratified
by risk group of original ATL-PI, the probability of three-
year OS in transplanted and non-transplanted patients
was 49.6% (95% CI, 42.9% to 56.0%) and 30.6% (95%
CI, 24.9% to 36.4%) in the low-risk group, 34.6% (95%
CI, 28.8% to 40.4%) and 16.7% (95% CI, 13.0% to
20.7%) in the intermediate-risk group, and 41.0% (95%
CI, 24.8% to 56.6%) and 13.5% (95% CI, 5.2% to 25.7%)
in the high-risk group, respectively (Online Supplementary
Figure S1C–E).

Discussion

We developed a new PI focusing on patients aged 70
years or younger with aggressive ATL using the largest
database of aggressive ATL to date. We were able to strat-
ify patients into three prognostic risk groups (low-risk,
intermediate-risk, and high-risk) using this PI. We demon-
strated that the new PI has as good a discriminatory capa-
bility as the original ATL-PI. 
To assess the impact of allo-HSCT on clinical outcome,

the probability of OS was compared between non-trans-
planted and transplanted patients in each risk group. In the

intermediate- and high-risk groups, clinical outcomes in
non-transplanted patients were dismal; it was apparent
that transplanted patients had better outcomes than non-
transplanted patients. Taking these cases of poor clinical
outcomes with chemotherapy into consideration, it would
be reasonable to consider early allo-HSCT in patients with
ATL in the intermediate- and high-risk groups, despite the
lack of evidence from prospective randomized clinical tri-
als. Our risk stratification system might be useful in devel-
oping a risk-adapted treatment strategy in patients with
aggressive ATL, similar to that used for high-risk AML. 
The difference between our modified ATL-PI and the

original ATL-PI should be clarified. In terms of the includ-
ed variable, albumin was not a significant variable in our
modified ATL-PI although it was evaluated in our cohort.
In addition, age was not a significant variable although we
assessed age with various cutoffs. As age itself is not nec-
essarily related to disease biology, it might be reasonable
not to include age in the risk stratification system to eval-
uate a patient who is potentially eligible for transplant
based on the current upper age limit restrictions in allo-
HSCT. The advantages of this modified PI over the origi-
nal ATL-PI should be discussed. The original ATL-PI ade-
quately risk stratified in this cohort, as shown in Figure
2C. However, when we stratified patients by the original
ATL-PI and assessed the benefit of allo-HSCT, the proba-
bilities of OS in the low-risk group were significantly
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Figure 2. Overall survival rates in the
validation set and the relapse rates in
the entire cohort. In the validation
set, overall survival rates stratified by
prognostic index risk group (A) with
and (B) without censoring at the time
of transplant. (C) Overall survival
rates stratified by ATL-PI risk group
with censoring at the time of trans-
plant. (D) Cumulative incidence of
relapse or progression stratified by
prognostic index risk group with cen-
soring at the time of transplant in the
entire cohort. 

A B

C D

P<0.0001P<0.0001

P<0.0001 P<0.0001



higher in transplanted patients in comparison to non-
transplanted patients. In addition, the proportion of
patients in the high-risk group in whom significant clinical
benefits were expected was limited, since age is included
as a risk factor in the original ATL-PI. Thus, in order to
identify patients in whom upfront allo-HSCT might pro-
vide clinical benefits or vice versa, our modified ATL-PI
seems to have advantages over the original ATL-PI. 

Our group has reported that early allo-HSCT (allo-
HSCT <100 days after ATL diagnosis) from a related
donor might improve the clinical outcomes of patients
with aggressive ATL.19 In our current study, median OS
and time to relapse or progression was 322 days and 182
days in the intermediate-risk group and 197 days and 144
days in the high-risk group, respectively. Conventional sal-
vage chemotherapy is usually ineffective in relapsed ATL,
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Figure 3. Overall survival rates by transplantation status stratified according to the risk group. Overall survival rates by transplantation status in the (A) low-risk, (B)
intermediate-risk, and (C) high-risk groups. Overall survival rates based on landmark analysis that included patients who survived at least 6 months after diagnosis
by transplantation status in the (D) low-risk, (E) intermediate-risk, and (F) high-risk groups.  

A B

C D

E F

P<0.0001

P=0.007

P<0.0001 P<0.0001

P<0.0001

P=0.058



as it is often ineffective in relapsed peripheral T-cell lym-
phoma in general.20 Therefore, it is important to offer
upfront allo-HSCT while ATL is under control with induc-
tion chemotherapy, because disease status at the time of
allo-HSCT is an important prognostic factor.7,8,10 In terms
of AML, median OS in patients with an unfavorable risk
profile was reported to be 10.2 months.21 Thus, the
expected OS in patients with aggressive ATL in the inter-
mediate-risk and high-risk groups was shorter than that in
AML with an unfavorable risk profile. Hence, we should
urgently prepare for allo-HSCT in patients with aggressive
ATL; initiating HLA typing and donor coordination as
soon as possible is strongly recommended. To further con-
firm the benefit of upfront allo-HSCT in patients with
ATL, a prospective clinical trial is desirable. A single-arm
confirmatory trial for this strategy that includes allo-HSCT
for ATL is ongoing in Japan (Japan Clinical Oncology Group
study 0907; UMIN000004147). To optimize the clinical
outcomes in patients with ATL who undergo allo-HSCT,
more research is needed. For instance, the choice of condi-
tioning regimen is important. In a multivariate analysis of
patients who underwent allo-HSCT, incorporating age,
stem cell source, disease status at transplant and intensity
of conditioning regimen, the latter was not a significant
variable (data not shown). Future studies which assess the
impact of allo-HSCT in patients with ATL should include
the PI at diagnosis.   
Our current study has several limitations inherent to its

retrospective nature and selection bias. We excluded
patients who did not receive intensive chemotherapy as
first-line treatment, as the inclusion of such critically ill
patients would have further worsened the expected clinical
outcome in the non-transplant group. Therefore, the clini-
cal outcomes of seriously ill patients who are not candi-
dates for intensive chemotherapy cannot be accurately pre-
dicted using our PI. In terms of the factors in the new PI,
poor ECOG PS, which is also included in the original ATL-
PI, seems to be a self-contradictory prognostic factor as
patients with a poor ECOG PS would not be  transplant
candidates. However, in patients with aggressive ATL,
those with a poor ECOG PS at diagnosis in general reflect
the aggressiveness of the disease, and such patients could
experience recovery following primary induction therapy.
If patients remain in a poor PS prior to potential transplant,
they are not a suitable transplant candidate. As another

important limitation of this study, we expected that a pro-
portion of patients in this database have also been included
in previous national surveys, as we included patients diag-
nosed from 2000 to 2013.3,6,7 In addition, a significant per-
centage of patients in this database did not undergo allo-
HSCT. We were unable to collect any data as to why these
non-transplanted patients did not receive allo-HSCT.
Although the reasons why such patients did not receive
allo-HSCT were unclear, it might be due to comorbidities
that could lead to worse OS irrespective of allo-HSCT, or it
may reflect the choices of the physicians and patients. Such
factors might attribute to significant selection bias. In addi-
tion, we were not able to include lactate dehydrogenase
(LDH) levels in this study as the reference range of LDH
levels varies significantly among institutes. In the study
herein, patients were often transferred from a local hospital
to a larger hospital following diagnosis in order to continue
intensive chemotherapy. Even at the same hospital, the ref-
erence range changed during the study period, thus making
it very difficult to include LDH levels in this study. We
believe that future studies should assess the importance of
LDH levels in aggressive ATL. Finally, our study included
only Japanese patients. Therefore, it is important to assess
the implications of our modified ATL-PI in different ATL
populations, although previous research which reported a
prognostic model included similar variables.22
In conclusion, we constructed the largest database of

aggressive ATL and developed a new PI focusing on
patients who are potential candidates for allo-HSCT. In
the intermediate-risk and high-risk groups, transplanted
patients had better clinical outcomes than non-transplant-
ed patients. Prospective studies are warranted to confirm
the benefit of treatment strategies that include upfront
allo-HSCT in patients with aggressive ATL.
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