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Abstract
Patients with aggressive adult T-cell leukemia-lymphoma (ATL) have dismal outcomes with intensive chemotherapy. Early 
up-front allogeneic hematopoietic stem cell transplantation (allo-HSCT) is generally recommended. However, the choice of 
stem cell source, i.e., unrelated bone marrow transplant (UBMT) or cord blood transplantation (CBT), when an HLA-matched 
related donor is unavailable remains controversial. Thus, we undertook a decision analysis to compare the outcomes of two 
therapeutic strategies: chemotherapy followed by up-front UBMT at 6 months, and chemotherapy followed by up-front CBT 
at 3 months. Patients were stratified into low-, intermediate-, and high-risk groups according to the modified ATL-prognostic 
index. The model simulated life expectancy (LE) and quality-adjusted LE (QALE). LE following up-front UBMT was higher 
than that following up-front CBT in the low-risk group (2.63 vs. 2.28 years), but was comparable in the intermediate- (2.06 
vs. 2.01 years) and high-risk groups (1.25 vs. 1.30 years). The Monte Carlo simulation for LE and QALE in each risk group 
showed that there was significant uncertainty in all categories. In conclusion, up-front UBMT was superior to up-front CBT 
in the low-risk group, but the strategies were comparable in the intermediate- and high-risk groups.
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Introduction

Adult T-cell leukemia-lymphoma (ATL) is a distinct periph-
eral T-cell lymphoma caused by human T-cell lymphotropic 
virus type I (HTLV-1), and is associated with unsatisfac-
tory outcome following intensive chemotherapy or anti-
viral therapy [1–3]. Thus, consolidation with up-front 
allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is strongly considered in transplant-eligible patients 
[3–6]. However, it is often difficult to find an HLA-matched 
related donor because ATL generally develops in elderly 
patients. As an alternative stem cell source, unrelated bone 
marrow transplantation (UBMT) or cord blood transplanta-
tion (CBT) are considered, as the data about haploidentical 
HSCT for ATL are still limited. UBMT has been widely 
used in Japan in patients with ATL with a promising overall 
survival [7], but its coordination usually takes 4–5 months. 
Thus, the duration between the diagnosis of ATL and UBMT 
is around 6 months. However, the importance of early allo-
HSCT has recently been recognized in patients with ATL 
since intensive chemotherapy can often achieve objective 
response but the response is not durable [3, 8]. Thus, since 
the publication of several promising studies, the use of CBT 
early after diagnosis has gradually been increasing in Japan 
[9, 10]. When CBT becomes a reasonable choice for patients 
with ATL, it may also be an important option outside of 
Japan as HTLV-1 infection often arises in minority immi-
grant populations, which usually makes it difficult to obtain 
a suitable unrelated volunteer donor from a registry [6]. 
Since it is unrealistic to conduct a prospective randomized 
controlled trial (RCT) that compares UBMT and CBT, we 
performed a decision analysis using a database constructed 
using nationwide survey data to compare the outcomes of 
two therapeutic strategies: chemotherapy followed by either 
up-front UBMT at 6 months after diagnosis or by up-front 
CBT at 3 months after diagnosis. Decision analysis is a form 
of computerized modeling that can simulate the clinical 
outcomes of different therapeutic strategies and identify an 
appropriate therapeutic strategy. This technique is useful in 
various clinical situations in which it is difficult to conduct 
a prospective RCT [11–13]. Decision-analytic modeling 
studies can help guide clinical decisions by systematically 
evaluating expected outcomes of several treatment options. 
For the construction of the models for decision analysis, 
we can use the results from various kinds of studies such 

as prospective and retrospective studies. Thus, we do not 
have to solely rely on the results of large RCTs. Addition-
ally, quality of life (QoL), which is often an essential factor 
for clinical decision making and frequently underreported 
in clinical trials, can be formally incorporated using these 
simulation methods.

Patients and methods

Data were derived from a database of 1792 patients that we 
developed by a nationwide survey of patients with aggressive 
ATL, as previously reported [3, 14]. Briefly, we conducted a 
nationwide survey of patients with aggressive ATL to con-
struct a new large database. 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 inten-
sive chemotherapy with multiple chemotherapeutic drugs 
as first-line therapy. This study was approved by the institu-
tional review board of the National Cancer Center, Tokyo, 
Japan (No. 2014-179). Patients were stratified into low-, 
intermediate-, and high-risk groups according to the modi-
fied ATL-prognostic index (ATL-PI), which we developed 
previously [3].

We constructed a Markov decision analysis model to 
compare the outcomes of two therapeutic strategies: chemo-
therapy followed by up-front UBMT at 6 months and chemo-
therapy followed by up-front CBT at 3 months. As shown 
in Fig. 1a and Supplemental Fig. 1 , all patients were in 
one of the following Markov health states within the model: 
(1) alive without progressive disease (PD) before HSCT (2) 
alive after HSCT before PD (3) alive after PD before HSCT 
(4) alive after HSCT after PD, and (5) dead. HSCT could 
be UBMT or CBT in each therapeutic strategy, but after PD 
before HSCT, all stem cell sources were allowed. The cycle 
length was 1 month and the analyses were performed for 60 
cycles over 5 years. The probability of overall survival after 
UBMT or CBT in the original database is shown in Sup-
plemental Fig. 2. The probability of overall survival after 
CBT was significantly inferior than that after UBMT due 
to a significantly higher incidence of non-relapse mortality 
(2-year non-relapse mortality, 26.7% after UBMT vs. 39.1% 
after CBT, P < 0.05), although there was no significant dif-
ference in the incidence of relapse (2-year non-relapse mor-
tality, 28.1% after UBMT vs. 31.3% after CBT, P = 0.62). 
The transition probability in the respective health state was 
calculated from the underlying hazard of survival of the 
cohort, using the Kernel density estimation. The transition 
probability is the probability that health state changes in 
each cycle. Due to the limited number of patients in each 

Fig. 1   Abbreviated decision tree and Markov model used to com-
pare 2 strategies for treating patients with aggressive adult T-cell 
leukemia-lymphoma (a), and comparison of expected overall survival 
between the 2 treatment strategies in all patients (b) and in the low-
risk (c), intermediate-risk (d), and high-risk groups (e). ATL adult T 
cell leukemia-lymphoma, HSCT hematopoietic stem cell transplanta-
tion, PD progressive disease, UBMT unrelated bone marrow trans-
plantation, CBT cord blood transplantation

◂
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of the three risk groups (22 patients in the low-risk group, 
48 in the intermediate-risk group, and 18 in the high-risk 
group), the ratio of the transition probability in UBMT to 
that in CBT in the whole cohort (1.79) was used to calcu-
late the transition probability in CBT in each risk group. In 
other words, the transition probability in CBT was set as 
1.79 times higher than that in UBMT. Since QoL data for 
patients with aggressive ATL are lacking, estimates from a 
similar decision analysis study of patients with acute mye-
loid leukemia (AML), which were derived from a physician 
questionnaire, were used to attempt to adjust for QoL in this 
study [15]. The distribution of utility was transformed to a 
normal distribution after calculating the mean and standard 
deviation (SD) using bootstrapping (Supplemental Table 1). 
The utility is the value of being in each health state for one 
cycle. The model simulated life expectancy (LE), quality-
adjusted LE (QALE), and the survival curve after diagnosis 
of aggressive ATL. In the decision analysis, the strategy 
leading to the highest LE or QALE was considered to be the 
superior treatment strategy. We used the TreeAge Pro 2016 
software package (TreeAge Software Inc., Williamstown, 
MA), Stata version 12 (Stata Corp., College Station, TX) 
and R (The R Foundation for Statistical Computing, version 
3.2.2, Vienna, Austria).

One-way and two-way sensitivity analyses were per-
formed to assess the robustness of the decision analysis 
model for LE or QALE in response to changes in parameters. 
The plausible range of the utility at each health state was 
set as the mean ± 2SD (Supplemental Table 1). Probabilistic 
sensitivity analysis (PSA) using second-order Monte Carlo 
simulation (n = 1000) were performed to assess the uncer-
tainty in LE and QALE. The PSA was performed by simul-
taneously drawing from normal distribution functions for 
each model parameter according to their means and standard 
deviations of 10%.

Results

In all patients, LE of up-front UBMT was comparable to 
that of CBT, with 6.6% higher LE in UBMT (Table 1). 
Next, we stratified patients into three groups according to 
the prognostic scoring system as previously reported [3]. 
In each risk group, as shown in Table 1, LE of up-front 
UBMT was 15% higher than that of CBT in the low-risk 
group, and was comparable to that of CBT in the intermedi-
ate- and high-risk groups. The estimated survival rates and 
survival curves derived using TreeAge are shown in Table 1 
and Fig. 1b–e. We also compared QALE between the two 
therapeutic strategies. As shown in Table 1, QALE of up-
front UBMT was comparable to that of up-front CBT in all 
patients. In each risk group, QALE of up-front UBMT was 
13% higher compared to that of CBT in the low-risk group, 

and was comparable to that of CBT in the intermediate- and 
high-risk groups.

We also assessed the impact of hypothetical changes in 
the expected overall mortality after up-front CBT. When the 
rate of overall mortality after up-front CBT decreased more 
than 9% (below 0.91-fold), the optimal treatment strategy 
changed to CBT in terms of LE in all patients (Fig. 2a). 
In each risk group, the threshold for changing the optimal 
treatment strategy was a decrease of more than 21% (below 
0.79-fold) in the low-risk group, a decrease of more than 
3% (below 0.97-fold) in the intermediate-risk group, and 
an increase of 8% (above 1.08-fold) in the high-risk group 
(Fig. 2b–d). Additionally, we assessed the impact of change 
in the timing of UBMT on the expected overall mortality. 
When the timing of UBMT after diagnosis changed from 6 
to 4 months, the expected 5-year overall survival increased 
from 26.8 to 33.4% in all patients (24.3% in CBT), from 34.9 
to 40.7% in the low-risk group (28.1% in CBT), from 26.6 
to 33.9% in the intermediate-risk group (26.0% in CBT), 
from 12.2 to 17.8% in the high-risk group (12.5% in CBT), 
respectively.

Two-way sensitivity analysis assessed changes in the 
clinical benefits of treatment strategies as the utility in 
two health states changed, which represented a change in 
QoL. Here we evaluated the impact of change in the utility 
in two health states: alive after UBMT before PD, which 
represented QoL in patients after UBMT, and alive after 
CBT before PD, which represented QoL in patients after 
CBT. For all patients and for patients in the low-risk group, 
there was uncertainty in the benefit of CBT if QoL impair-
ment occurred after CBT (Fig. 3a–b). For patients in the 
intermediate- and high-risk groups, two-way sensitivity 
analyses showed that benefits of up-front CBT were robust 
across the range of plausible utilities in the two health states 
(Fig. 3c–d).

The PSA using Monte Carlo simulation demonstrated 
that there was significant uncertainty in all categories, 
as shown in Supplemental Table 1, but the probability of 
superiority of up-front UBMT group in terms of LE and 
QALE was higher in all patients and in the low-risk and 

Table 1   Comparison of expected clinical outcomes between UBMT 
and CBT

UBMT unrelated bone marrow transplantation, CBT cord blood trans-
plantation, LE life expectancy, QALE quality-adjusted life expectancy

LE (years) QALE (years)

UBMT CBT UBMT CBT

All 2.11 1.98 1.57 1.50
Low-risk 2.63 2.28 1.97 1.75
Intermediate-risk 2.06 2.01 1.53 1.53
High-risk 1.25 1.30 0.93 0.99



431A decision analysis comparing unrelated bone marrow transplantation and cord blood…

1 3

intermediate-risk groups, but lower in the high-risk group 
(Supplemental Table 2).

Discussion

This study used a Markov decision analysis model to com-
pare chemotherapy followed by either up-front UBMT or 
up-front CBT in patients with aggressive ATL. In several 
simulation analyses, with a minor inconsistency, chemother-
apy followed by up-front UBMT was superior to chemo-
therapy followed by up-front CBT in the low-risk group, but 
these two strategies were comparable in the intermediate- 
and high-risk groups. In the absence of prospective RCTs 
that compare UBMT and CBT in patients with aggressive 
ATL, our current study using a statistical decision analysis 
method shows that up-front CBT is an acceptable option in 
intermediate- and high-risk groups, considering that up-front 
UBMT is generally recommended in patients with aggres-
sive ATL.

The limitations of this study should be clarified. First, 
all inputs used to build a decision analysis model should 
ideally come from sources of high-level evidence such as 

prospective RCTs, as well as prospective cost and health 
utility assessments. In this study, as in our previous report 
[13], all data were derived from a retrospective study. Fur-
thermore, due to a lack of QoL estimates in patients with 
aggressive ATL, we used the data of patients with AML 
to calculate QALE. Although there are no data about QoL 
estimates in patients with aggressive ATL, we assume that 
QoL in patients with ATL may be worse than that in patients 
with AML. Furthermore, to attempt to adjust for QoL, this 
study used data from a similar decision analysis of patients 
with AML in which estimates were derived from a physician 
questionnaire about each patient’s QoL using a visual ana-
logue scale score (n = 35), but that study may have overesti-
mated patient QoL [16]. Taking into account this significant 
uncertainty in the parameters, we performed several simula-
tions incorporating a wide range of uncertainty in various 
parameters. Second, we set the timing of up-front UBMT 
and CBT at 6 months and 3 months, respectively. The timing 
of up-front UBMT might be too late [17], although 6 months 
is often used for UBMT in Japan [18]. If UBMT is per-
formed earlier, the expected clinical outcome with UBMT 
got better than that in the current simulation, as earlier tim-
ing of HSCT achieves better clinical outcome. These results 
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support the importance of early HSCT in patients with 
aggressive ATL. Meanwhile, the outcome after CBT in this 
simulation was rather poor. The ratio of the transition prob-
ability in UBMT to that in CBT was calculated to be 1.79, 
which is almost equivalent to a hazard ratio of 1.79 in para-
metric proportional hazards models. This is partly because 
we included CBT performed before the method was well 
established. Thus, when the outcome of CBT is improved, 
as recently reported [9, 10], the clinical outcome using up-
front CBT might be better than that achieved in the current 
simulation. Collectively, the results of simulation analyses 
should be modified according to any parameter changes in 
the future. There is also a possibility that haploidentical 
HSCT can be applied in ATL, as the timing of allo-HSCT is 
crucial [17]. The role of haploidentical HSCT in ATL should 
be determined in the future.

In conclusion, our simulation analysis showed that up-
front UBMT was superior to up-front CBT in the low-risk 
group, but these two strategies were comparable in the inter-
mediate- and high-risk groups. In the absence of prospective 
RCTs, our results suggest that up-front CBT for aggressive 

ATL is an appropriate treatment choice when an unrelated 
donor is unavailable.
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