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Adult T-cell leukemia–lymphoma (ATL) is a mature T-cell malignancy associated

with human T-cell leukemia virus type 1 (HTLV-1) infection. Japan is the most

endemic country for HTLV-1 and ATL in the world. Recent nationwide studies of

Japanese blood donors reported that HTLV-1 carriers spread from endemic areas

to non-endemic areas. Therefore, the latest information on nationwide epidemio-

logical and clinical data for ATL is necessary to guide clinical practice. We under-

took a multicenter, hospital-based survey of newly diagnosed ATL patients from

2010 to 2011. A total of 996 patients with ATL were registered from 126 hospitals

across Japan. Of those, 922 (487 men and 435 women) were included in the anal-

ysis. The median age at diagnosis was 68 years (interquartile range, 60–75 years).

Overall, 67.2% of ATL was diagnosed in the Kyushu–Okinawa area. The most

common subtype was acute (49.5%), followed by lymphoma (25.7%), chronic

(14.2%), and smoldering (10.6%). Lymphoma type was more prevalent in men

(60%), whereas chronic was more prevalent in women (60%). Half of patients

with lymphoma type were aged over 70 years, whereas one-third of patients

with the chronic type were aged under 60 years. All of these characteristics were

different from those of the previous nationwide surveys in the 1980s and 1990s.

This survey clarified that half of current patients with ATL are aged over 68 years

who were unable to receive intensive cytotoxic therapies. New less toxic agents

for aged patients and further strategies to prevent the development of ATL from

HTLV-1 carrier status are needed.

A dult T-cell leukemia–lymphoma (ATL) is a peripheral
T-cell malignancy associated with human T-cell leukemia

virus type 1 (HTLV-1).(1,2) It is estimated that HTLV-1 infects
approximately 10 million people worldwide,(3) with endemic

foci in the Caribbean basin, South America, sub-Saharan
Africa, and Japan. Japan has the highest prevalence of HTLV-
1 and ATL in the world,(3) with approximately 1 million
HTLV-1 carriers(4) and 1000 deaths from ATL annually.(5,6)
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Human T-cell leukemia virus type 1 infection is also associ-
ated with inflammatory diseases including HTLV-1-associated
myelopathy/tropical spastic paraparesis(7) and HTLV-1 uvei-
tis.(8) Although the majority of HTLV-1 carriers remain
asymptomatic during their lifetime, it is estimated that
the annual incidence of ATL among HTLV-1 carriers is
approximately 60 per 100 000 carriers, with the lifetime risk
being approximately 5% for men and 3% for women in
Japan.(9)

In Japan, soon after the discovery of ATL in 1977,(1) nation-
wide studies were undertaken every 2 years during the 1980s
and 1990s to identify the epidemiological and clinical features
of HTLV-1 carriers and ATL patients.(10–18) The studies
reported the heterogeneous distribution of HTLV-1 carriers and
ATL patients, the diversity of the clinical features of ATL, and
the natural history. In 1991, diagnostic criteria were established
for ATL and the four clinical subtypes: smoldering, chronic,
lymphoma, and acute.(19) However, since the last nationwide
study was completed in 1998,(18) no such studies have been
carried out in Japan, except for a simplified survey in 2008.(20)

In 2010, the Japan Ministry of Health, Labour and Welfare
encouraged researchers to update current data for HTLV-1 car-
riers and ATL patients.(21) The epidemiological features of
HTLV-1 carriers have been updated already by two nationwide
studies using HTLV-1 test results from blood donors, which
found that HTLV-1 carriers have spread from endemic areas to
non-endemic areas.(4,22) However, the nationwide epidemiolog-
ical features of ATL have not yet been updated.
In the nearly 20 years since the last detailed nationwide

study of ATL in 1998,(18) both population demographics and
diagnostic techniques have changed. Also, with the develop-
ment of phenotypic and molecular diagnostic tests,(23,24) hema-
tologists and pathologists are now able to make a clear
differential diagnosis between ATL and other T-cell malignan-
cies. Therefore, it is important to determine the current epi-
demiological features of ATL in Japan. To address this
important issue, we conducted a nationwide survey of ATL in
Japan. The aim of this study was to evaluate how epidemiolog-
ical and clinical characteristics of ATL have changed over
time in Japan.

Methods

Study design and subjects. We undertook a multicenter, hos-
pital-based survey during the study period 2013–2016. Study
subjects were patients newly diagnosed with ATL between
January 2010 and December 2011. To characterize the differ-
ences in the clinical and epidemiological characteristics of
ATL between the 1980s–1990s and the present day, we fol-
lowed similar methods to those of previous studies.(10–18) The
current study was carried out in accordance with the Declara-
tion of Helsinki. The study protocol was approved by the
ethics committee and institutional review board of the National
Cancer Center in Japan (approval no. 2012-293). The ethical
committee waived the need for written informed consent
because of the retrospective and anonymous data collection.
First, we extracted 2500 hospitals with more than 100 beds

and with departments of hematology and/or dermatology from
the list of medical institutions authorized to treat patients with
health insurance coverage in the Regional Bureau of Health
and Welfare (http://www.mhlw.go.jp/kouseiroudoushou/shozaia
nnai/chihoukouseikyoku.html), which cover all 47 prefectures
in Japan. Next, we sent a questionnaire to the 2500 hospitals
to ask whether or not there were any patients who had been

newly diagnosed with ATL between 2010 and 2011, and
whether the hospital was willing to participate in the study.
Approval to participate in this study was also obtained from
each of the participating hospitals, based on their institutional
policies.
The first questionnaires were returned from 607 hospitals

(24.3%); of those, 173 (28.5%) agreed to participate in the
study after approval of the study protocol by the regional Insti-
tutional Review Board at each hospital. We then sent a set of
study sheets, which contained items of epidemiological and
clinical data, to the participating hospitals. A reminder letter
was mailed if the study sheet had not been returned. Data col-
lection was completed by the end of September 2016. The data
collection and management were carried out by a professional
clinical research support office (Ata-Life Inc., Tokyo, Japan).
The study sheet was designed to collect epidemiological data

pertaining to sex, birth year, birth-place and hospital location
in Japan (classified by 47 prefectural codes), blood transfusion
history before 1986 (HTLV-1 screening for blood donors
started in 1986), familial history of HTLV-1 carriers, HTLV-1
uveitis, HTLV-1-associated myelopathy/tropical spastic para-
paresis, and ATL, and history of any infectious diseases, skin
diseases, malignancies, and autoimmune diseases. The 47 pre-
fectural codes were grouped into six areas (Hokkaido–Tohoku,
Kanto, Chubu–Hokuriku, Kinki, Chugoku–Shikoku, and
Kyushu–Okinawa) (Fig. S1).
Clinical data consisted of the following six parts: (i) basic

information: date of first diagnosis, age at diagnosis, clinical
subtype,(19) diagnosis basis site, “B” symptoms, performance
status, Ann-Arbor stage, anti-HTLV-1-antibody positivity, and
other clinical data; (ii) information on disease extent: site and
number of lesions of involved lymph nodes and extranodal
lesions and types of skin lesions;(25) (iii) comorbidities; (iv)
peripheral blood counts including ATL cells and lymphoid
cells; (v) serum levels of biochemical tests; and (vi)
immunophenotypic profiles of ATL cells.
In each participating hospital, the diagnosis of ATL and

the subtype classification was made by clinicians. A central
review was carried out on all the returned study sheets by
five skilled hematologists in the field of ATL, based on cri-
teria for the cytologically or histologically confirmed T-cell
lymphoid malignancy(2) and for the subtype classification of
ATL.(19)

Statistical analyses. All statistical analyses were carried out
using SAS software, version 9.4 (SAS Institute, Cary, NC,
USA). Continuous variables were presented as the median with
ranges, interquartile range, or mean and compared using Wil-
coxon’s rank-sum test or the Kruskal–Wallis test. Continuous
variables were also categorized into several groups as neces-
sary. Differences in the frequency of categorical variables were
compared using the v2-test or Fisher’s exact test. The agree-
ment for diagnosis of subtypes between participating hospitals
and central review was evaluated using a weighted kappa coef-
ficient. A two-sided P-value of less than 0.05 was considered
to be statistically significant.

Results

A total of 996 patients with ATL were registered from 126 par-
ticipating hospitals (see Appendix 1 for details). Of those, 74
patients were excluded from the central review process because
of the following reasons: insufficient information available to
make a diagnosis (n = 21), HTLV-1 carrier state (n = 32),
relapsed ATL with unknown date of first diagnosis (n = 1), date
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of diagnosis outside the study period (n = 15), and insufficient
information on sex and/or age (n = 5). Consequently, a total of
922 patients were included in the analysis (Fig. 1a).
The patients’ epidemiological characteristics are summarized

in Tables 1 and 2. Overall, 487 (52.6%) patients were male.
The median age at diagnosis was 68 years (interquartile range,
60–75 years) for all, with those aged 60–69 years and 70–79
years accounting for two-thirds of all patients. The median
age at diagnosis was not significantly different by sex, but the
most frequent age group was different: the 70–79 years group

for men, but the 60–69 years group for women (Table 1,
Fig. 1b).
Of all the patients, 67.5% were diagnosed at participating

hospitals in Kyushu–Okinawa, where HTLV-1 is endemic, fol-
lowed by 9.5% in Kinki and 6.4% in Kanto (Table 1). The dis-
tribution by patients’ place of residence was similar to the
distribution by hospital (data not shown). Focusing on distribu-
tion by place of birth, 78.8% of patients were born in Kyushu–
Okinawa, whereas the proportion of patients was smaller in
three metropolitan areas (Kanto, Chubu–Hokuriku, and Kinki).

Table 1. Epidemiological characteristics of Japanese patients with adult T-cell leukemia–lymphoma, grouped by sex (n = 922)

Characteristic Total Male Female M / F ratio P-value

Evaluable patients, n 922 487 435 1.12

Year of diagnosis, n (%)

2010 468 (50.8) 253 (51.9) 215 (49.4) 1.05 0.440

2011 454 (49.2) 234 (48.1) 220 (50.6) 0.95

Age, years

Median (min, IQR, max) 68 (34, 60–75, 100) 68 (34, 60–75, 100) 67 (34, 61–76, 94) 0.730

Mean (SD) 67.5 (10.8) 67.4 (10.5) 67.7 (11.2) 0.720

Age category, years, n (%)

<40 9 (1.0) 4 (0.8) 5 (1.2) 0.67 0.080

40–49 42 (4.6) 22 (4.5) 20 (4.6) 0.98

50–59 152 (16.5) 84 (17.3) 68 (15.6) 1.11

60–69 307 (33.3) 151 (31.0) 156 (35.9) 0.86

70–79 282 (30.6) 167 (34.3) 115 (26.4) 1.30

80–89 122 (13.2) 57 (11.7) 65 (14.9) 0.79

≥90 8 (0.9) 2 (0.4) 6 (1.4) 0.29

Geographical area of hospital, n (%)

Hokkaido–Tohoku 50 (5.4) 28 (5.8) 22 (5.1) 1.14 0.790

Kanto 59 (6.4) 28 (5.8) 31 (7.1) 0.82

Chubu–Hokuriku 55 (6.0) 28 (5.8) 27 (6.2) 0.94

Kinki 88 (9.5) 44 (9.0) 44 (10.1) 0.89

Chugoku–Shikoku 48 (5.2) 29 (5.9) 19 (4.4) 1.34

Kyushu–Okinawa 622 (67.5) 330 (67.7) 292 (67.1) 1.01

Geographical areas of birth, n (%)

Missing 316 157 159

Hokkaido–Tohoku 45 (7.4) 25 (7.6) 20 (7.2) 1.06 0.130

Kanto 10 (1.7) 2 (0.6) 8 (2.9) 0.21

Chubu–Hokuriku 17 (2.8) 13 (3.9) 4 (1.4) 2.79

Kinki 22 (3.6) 11 (3.3) 11 (4.0) 0.83

Chugoku–Shikoku 35 (5.8) 18 (5.5) 17 (6.2) 0.89

Kyushu–Okinawa 477 (78.7) 261 (79.1) 216 (78.3) 1.01

Medical history, n (%)

Transfusion before 1986, yes 15 (1.7) 5 (1.0) 10 (2.3) 0.43 0.130

Skin diseases, yes 43 (4.8) 23 (4.7) 20 (4.6) 1.02 0.920

Infectious diseases, yes 98 (10.9) 57 (11.7) 41 (9.4) 1.24 0.260

Malignancies, yes 108 (12.0) 63 (12.9) 45 (10.3) 1.25 0.220

Autoimmune diseases, yes 36 (4.0) 8 (1.6) 28 (6.4) 0.25 <0.001

Subtype by central review, n (%)

Acute 456 (49.5) 241 (49.5) 215 (49.4) 1.00 0.007

Lymphoma 237 (25.7) 141 (28.9) 96 (22.1) 1.31

Chronic 131 (14.2) 53 (10.9) 78 (17.9) 0.61

Smoldering 98 (10.6) 52 (10.7) 46 (10.6) 1.01

ATL, adult T-cell leukemia–lymphoma; F, female; IQR, interquartile range; M, male; max, maximum; min, minimum.

Fig. 1. (a) Flowchart of the study of epidemiological and clinical features of adult T-cell leukemia–lymphoma (ATL) in Japan, 2010–2011. HTLV-
1, human T-cell leukemia virus type 1. (b) Distribution of age at diagnosis by sex. F, female; M, male. (c) Distribution of age at diagnosis by ATL
subtype based on the central reviewers’ classification based on the Shimoyama classification.(19) (d) Changes in the proportion of patients in each
age category from years 1988–1989,(14) 1996–1997,(18) to 2010–2011 (current study). (e) Changes in the proportion of ATL subtype from years
1992–1993,(16) 1994–1995,(17) 2006–2007,(20) to 2010–2011 (current study).
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Patients in Kyushu–Okinawa were significantly older than
those in the other areas (P = 0.002) (Table 2).
The transfusion history before 1986 was reported for 15

(1.7%) patients. Of those, 10 were female in Kyushu–Okinawa
(Table 1). Patients with a past history of any skin diseases,
infectious diseases, malignancies, or autoimmune diseases were
reported in 43 (4.8%), 98 (10.9%), 108 (12%), and 36 (4%)
patients, respectively. Autoimmune diseases were significantly
higher in female than male patients (P < 0.001) (Table 1) and
higher in areas other than Kyushu–Okinawa (P = 0.02)
(Table 2).
A family history of ATL was reported in 22 (2.4%) patients’

mothers, 7 (0.8%) fathers, 55 (6.1%) siblings, and 8 (0.9%)
children (Table 2). The frequency of sibling history of ATL
was significantly lower in Kyushu–Okinawa than other areas
(P = 0.02). There was no sex difference in the frequencies of
family history of ATL. A family history of HTLV-1 carriers
was reported in 19 (2.1%) patients’ mothers, 10 (1.1%) fathers,
50 (5.5%) siblings and 28 (3.1%) children. As with the family
history of ATL, the frequency of sibling history of HTLV-1
carriers was significantly lower in Kyushu–Okinawa than other
areas (P < 0.001); whereas the frequency of fathers being
HTLV-1 carriers was significantly lower in Kyushu–Okinawa
than other areas (P < 0.001). [Correction added on 09
November 2017, after first online publication: In the sentence,
“The frequency of sibling history of ATL was significantly
higher in Kyushu-Okinawa than other areas (P = 0.02)”,
“higher” was changed to “lower”. In the sentence, “A family
history of HTLV-1 carriers was reported in 19 (2.1%) patients’

mothers, 10 (1.1%) fathers, 50 (5.5%) siblings and 8 (3.1%)
children”, “8 (3.1%)” was changed to “28 (3.1%)”. In the sen-
tence, “As with the family history of ATL, the frequency of
sibling history of HTLV-1 carriers was significantly higher in
Kyushu-Okinawa than other areas (P < 0.001)”, “higher” was
changed to “lower”.]
The prevalence of subtypes diagnosed by central reviewers

showed that acute was the most prevalent (n = 456; 49.5%),
followed by lymphoma (n = 237; 25.7%), chronic (n = 131;
14.2%), and smoldering (n = 98; 10.6%) (Tables 1 and 3).
The prevalence pattern of the subtypes by participating hospi-
tals was similar to the those of central reviewers, except for
the “other” type (n = 14; 1.5%) (Table S1). All the other types
were diagnosed as “cutaneous type of ATL” based on the
tumor cell-infiltrating skin histopathology and the absence of
other organ lesions.
Approximately 80% of the subtype classification at partici-

pating hospitals was consistent with the central reviewers’
classification, indicating substantial agreement (weighted kappa
coefficient, 0.72; 95% confidence interval, 0.68–0.76;
P < 0.0001) (Table S1). The major disagreements were as fol-
lows: 19.1% of lymphoma in participating hospitals were
reclassified to acute; 14.6% of chronic were reclassified to
acute; 17.5% of smoldering were reclassified to chronic; and
71.4% of other types were reclassified to smoldering. Most of
the disagreement was within the aggressive or indolent cate-
gory of ATL, which did not affect the treatment choice.
The clinical characteristics by subtype are summarized in

Tables 3 and S2. Among chronic subtypes, 83 (63.4%) had an

Table 2. Epidemiological characteristics of Japanese patients with adult T-cell leukemia–lymphoma (ATL) (n = 922) by area of participating

hospitals

Characteristic Total
Hokkaido–

Tohoku
Kanto

Chubu–

Hokuriku
Kinki

Chugoku–

Shikoku

Total of

areas other

than

Kyusyu/Okinawa

Kyushu–

Okinawa
P-value

Evaluable patients, n 922 50 59 55 88 48 300 622

Male sex, n (%) 487 (52.8) 28 (56.0) 28 (47.5) 28 (50.9) 44 (50.0) 29 (60.4) 157 (52.3) 330 (53.1) 0.800

Age at diagnosis,

years, median (IQR)

68 (60–75) 67.5 (61–77) 63 (60–71) 66 (58–73) 66 (61–71) 66 (57.5–76) 66 (60–73) 69 (61–77) 0.002

Transfusion history

before 1986, n (%)

15 (1.7) 0 (0.0) 2 (3.4) 0 (0.0) 2 (2.3) 1 (2.1) 5 (1.7) 10 (1.6) 0.950

Disease history before ATL diagnosis, n (%)

Skin diseases 43 (4.8) 4 (8.0) 6 (10.2) 6 (10.9) 2 (2.3) 0 (0.0) 18 (6.0) 25 (4.0) 0.180

Infectious diseases 98 (10.9) 8 (16.0) 6 (10.2) 11 (20.0) 8 (9.1) 1 (2.1) 34 (11.3) 64 (10.3) 0.620

Malignancies 108 (12.0) 9 (18.0) 6 (10.2) 6 (10.9) 7 (8.0) 5 (10.4) 33 (11.0) 75 (12.1) 0.640

Autoimmune

diseases

36 (4.0) 4 (8.0) 5 (8.5) 3 (5.5) 6 (6.8) 0 (0.0) 18 (6.0) 18 (2.9) 0.020

Familial history of ATL, n (%)

Mother 22 (2.4) 0 (0.0) 2 (3.4) 1 (1.8) 0 (0.0) 2 (4.2) 5 (1.7) 17 (2.7) 0.320

Father 7 (0.8) 0 (0.0) 1 (1.7) 1 (1.8) 1 (2.1) 0 (0.0) 3 (1.0) 4 (0.6) 0.560

Sibling 55 (6.2) 2 (4.0) 4 (6.8) 8 (14.6) 5 (5.7) 7 (14.6) 26 (8.7) 29 (4.7) 0.020

Children 8 (0.9) 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.5) 5 (1.7) 3 (0.5) 0.070

Spouse 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 0.490

Familial history of HTLV-1 carrier, n (%)

Mother 19 (2.1) 1 (2.0) 1 (1.7) 2 (3.6) 0 (0.0) 4 (8.3) 8 (2.7) 11 (1.8) 0.370

Father 10 (1.1) 0 (0.0) 1 (1.7) 1 (1.8) 0 (0.0) 5 (10.4) 7 (2.3) 3 (0.5) 0.010

Sibling 50 (5.5) 5 (10.0) 5 (8.5) 4 (7.3) 5 (5.7) 8 (16.7) 27 (9.0) 23 (3.7) <0.001

Children 28 (3.1) 0 (0.0) 2 (3.4) 3 (5.5) 0 (0.0) 7 (14.6) 12 (4.0) 16 (2.6) 0.240

Spouse 12 (1.3) 0 (0.0) 1 (1.7) 1 (1.8) 4 (4.6) 1 (2.1) 7 (2.3) 5 (0.8) 0.050

HTLV-1, human T-cell leukemia virus type 1; IQR, interquartile range.

© 2017 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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unfavorable factor (abnormal albumin, blood urea nitrogen, or
lactate dehydrogenase levels). There was no significant differ-
ence in the frequency of subtype by hospital area. There was a
significant difference in sex in the distribution of subtype
(P = 0.007); the frequency of chronic type was higher in
female compared with male patients; conversely, other types
were higher in male than female patients (the highest was lym-
phoma type in male patients, 60%). There was a significant
difference in age at diagnosis by subtype (P < 0.001)
(Fig. 1c). Patients with chronic subtypes tended to be diag-
nosed at a younger age, whereas those with lymphoma sub-
types were diagnosed at an older age (Fig. 1c, Table 3).
A total of 297 (32.2%) patients were comorbid with one or

more diseases, including hematological malignancies (n = 8),
non-hematological malignancies (n = 113), infectious diseases
(n = 93), neurologic diseases (n = 21), autoimmune diseases
(n = 9), and other diseases (n = 167) (Table 3). In patients
comorbid for malignancies, colorectal cancer was the most
common (n = 26); in patients comorbid for infectious diseases,
cytomegalovirus infection was the most common (n = 14).
To elucidate changes in the characteristics of patients over

time, we reviewed previous nationwide studies of ATL in
Japan.(10–18,20) Of these, we excluded three earlier surveys,(8–10)

because they only accumulated data from a few selected hospi-
tals. From the remaining seven surveys and the present study
(Table S3), we found that the mean age at diagnosis of ATL
increased with study year from 58.4 years in 1988–1989 to
67.5 years in the present study (Fig. 1d), and that the propor-
tion of lymphoma subtype increased from 21.4% in 1992–1993
to 34.7% in 2006–2007 and 25.7% in 2010–2011 (Fig. 1e).

Discussion

The present study provides the most up-to-date data on epi-
demiological and clinical features of ATL in Japan. The main
features were: (i) a significant shift toward older age at diagno-
sis, with a median of 68 years; (ii) an increase in the propor-
tion of lymphoma subtype; and (iii) age at diagnosis and male
to female patient ratio differed by subtype.
Patients with ATL were diagnosed throughout Japan. How-

ever, 67.5% of patients were diagnosed in Kyushu–Okinawa.
This was greater than those observed in previous studies
(Table S3). This was unexpected because the most recent data
of nationwide HTLV-1 carriers in Japan indicated that the
number of HTLV-1 carriers in Kyushu–Okinawa decreased
between 1988 and 2006–2007.(4)

The median age at diagnosis of 68 years indicates that more
than half of current ATL patients are unable to receive intensive
cytotoxic chemotherapies followed by allogeneic hematopoietic
stem-cell transplantation, which is considered to be a promising
treatment for young patients with aggressive ATL.(26,27) Given
the rapid aging of patients with ATL, new, less toxic therapeu-
tic options are urgently needed in Japan. Recently, for aggres-
sive ATL, several promising therapeutic antibodies, such as
anti-CC chemokine receptor 4 mAb(28) and an anti-CD52 anti-
body,(29) have been introduced and have achieved significant
reduction of ATL cells. Furthermore, lenalidomide, an immune-
modulatory agent, has been introduced for relapsed aggressive
ATL patients.(30) In Europe and America, an antiviral therapy
with a combination of zidovudine (AZT) and interferon-a has
been introduced for ATL patients with leukemic

Table 3. Epidemiological characteristics and comorbidities of Japanese patients with adult T-cell leukemia–lymphoma, by disease subtype

(n = 922)

Characteristic Total Acute Lymphoma Chronic Smoldering P-value

Total patients, n 922 456 237 131 98

Male sex, n (% of each subtype) 487 241 (52.9) 141 (59.5) 53 (40.5) 52 (53.1) 0.007

Geographic area of hospitals, n (% of each subtype)

Hokkaido–Tohoku 50 19 (38.0) 15 (30.0) 10 (20.0) 6 (12.0) 0.380

Kanto 59 28 (47.5) 15 (25.4) 8 (13.6) 8 (13.6)

Chubu–Hokuriku 55 25 (45.4) 22 (40.0) 5 (9.1) 3 (5.5)

Kinki 88 36 (40.9) 25 (24.4) 16 (18.2) 11 (12.5)

Chugoku–Shikoku 48 24 (50.0) 11 (22.9) 6 (12.5) 7 (14.6)

Kyushu–Okinawa 622 324 (52.1) 149 (24.0) 86 (13.8) 63 (10.1)

Age at diagnosis, years

Median (IQR) 922 68 (61–75) 70 (63–77) 65 (57–73) 67.5 (60–74) <0.001

Median (min, max) 922 68 (34, 100) 70 (37, 90) 65 (36, 85) 67.5 (40, 89) <0.001

Mean (SD) 922 67.7 (11.1) 69.6 (10.1) 64.5 (11.0) 66.0 (10.6) <0.001

Age category, years, n (% of each subtype)

<50 51 24 (5.2) 8 (3.4) 10 (7.6) 9 (9.2) 0.003

50–59 152 71 (15.6) 33 (13.9) 35 (26.7) 13 (13.3)

60–69 307 161 (35.3) 68 (28.7) 41 (31.3) 37 (37.7)

70–79 282 133 (29.2) 85 (35.9) 33 (25.2) 31 (31.6)

≥80 130 67 (14.7) 43 (16.1) 12 (9.2) 8 (8.2)

Comorbidities, n (% of each subtype)

Any disease, yes 297 145 (32.2) 67 (28.5) 43 (33.6) 42 (43.8) 0.060

Hematological malignancies, yes 8 4 (0.9) 2 (0.8) 0 (0.0) 2 (2.0) 0.440

Non-hematological malignancies, yes 113 53 (11.6) 21 (8.9) 17 (13.0) 22 (22.4) 0.007

Infectious diseases, yes 93 53 (11.6) 16 (6.8) 14 (10.7) 10 (10.2) 0.250

Neurologic diseases, yes 21 13 (2.9) 4 (1.7) 3 (2.3) 1 (1.0) 0.630

Autoimmune diseases, yes 9 3 (0.7) 1 (0.4) 3 (2.3) 2 (2.0) 0.190

IQR, interquartile range; max, maximum; min, minimum.
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manifestation.(31) The long-term effectiveness of these new
agents is greatly anticipated for older patients with ATL.
The increase in lymphoma subtype was first reported in a

simplified ATL survey in 2006–2007 (Table S3),(20) in which
lymphoma subtype accounted for 34.8% of all ATL, in con-
trast to 21%–24% in the 1980s–1990s studies.(12,16,17) The pro-
portion of lymphoma subtype in the present study (27.8%) was
smaller than the 2006–2007 study, but greater than the 1980s–
1990s studies (Fig. 1e, Table S3). The reason for the recent
increase in lymphoma subtype of ATL remains unknown.
However, considering that the median age of lymphoma sub-
type patients (70 years) was significantly older than chronic
and smoldering subtypes (Fig. 1c, Table 3), any age-related
genetic factors may be involved in the development of the
“lymphoma subtype of ATL” in HTLV-1 carriers. Recently,
Kataoka et al.(32) comprehensively analyzed genetic alterations
in ATL, and age-related single-nucleotide variants were pre-
dominantly recognized, although they did not mention whether
or not the age-related single-nucleotide variants are high in the
lymphoma subtype.
The proportion of smoldering subtype (10.6%) in the present

study was similar to the 2006–2007 study (10.3%),(20) but was
greater than the 1980s–1990s studies, in which the proportion
was less than 10%(12,16,17) (Fig. 1e, Table S3). This may be
partly influenced by participation of the dermatology depart-
ments for the first time in the present study, because the early
phase of ATL localized to skin is frequently diagnosed by a
dermatologist.
The overall male to female patient ratio in the present study

was similar to previous studies(10–18,20) and there was no statis-
tical difference in age at diagnosis by sex. However, in the
present study, the most frequent age group was 10 years
younger in women (60–69 years) compared with men (70–
79 years), both of which shifted 10 years older than the previ-
ous 2006–2007 study.(20) This also supports the theory that
most current ATL patients are getting older.
The present study showed, for the first time, that chronic

ATL patients were younger than those with acute and lym-
phoma type ATL (Fig. 1c, Table 3), although the reason is

unknown. The age difference may be plausible as patients
with chronic ATL frequently transform into acute type
within a few years, and may suggest multistep leukemogene-
sis of ATL. More detailed analyses of the clinical data,
including long-term prognosis, are currently being under-
taken. Further studies are needed on the treatment and prog-
nosis of each subtype of ATL, especially the chronic and
smoldering types.
In conclusion, this study highlights that some characteristics

of ATL patients have changed over recent years in Japan. In
particular, the increasing number of elderly patients with aggres-
sive ATL is a public concern. For the elderly patients, the
development of new, less toxic agents such as mAbs or small
molecule agents, rather than intensive cytotoxic therapies, are
urgently needed. Furthermore, any strategies for preventing the
development of ATL in HTLV-1 carriers by identifying definite
markers for high-risk HTLV-1 carriers using, for example, mul-
ticolor flow cytometry is also needed.(33)
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