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Fig. 1. Variation in human T-cell leukemia virus
type-1 (HTLV-1) proviral loads (VL) quantification at
the three VL levels in the first study. The three VL
levels were divided based on the VL measured at a
core laboratory T. Ranges of VL values at each level
were as follows: low level (0-2.1, n =20);

(©)
100

Median: 67.4% 57.4% 54.9%

intermediate level (3.0-7.7, n = 20); and high level
(10.2-43.2, n =20). (A) Intra-laboratory variability
of measured VL at each VL level. The box plots

T L

show the median (horizontal line), interquartile
range (box) and range (whiskers) in each laboratory
(T, A, B, C, D and E). The y-axis shows measured VL

copy numbers per 100 peripheral blood
mononuclear cells (PBMC). (B) Intra-laboratory

coefficient of variations (CV) (%) at three VL levels.
The CV values were calculated based on the VL

measured in each laboratory. (C) Inter-laboratory

CV (%) for individual samples. Each CV value was 0
calculated based on the measured VL in six
laboratories.

ratory CV for 60 samples was 59.9% (range, 34.2-93.4%),
consisting of 67.4% (range, 35.7-82.3%) in the low level
group, 57.4% (range, 41.2-87.4%) in the intermediate group
and 54.9% (range, 34.2-77.6%) in the high level group, respec-
tively. Although inter-laboratory CV (%) was very wide by
sample, there was a good correlation in the scatter plots of each
VL between values measured in the core laboratory T and those
measured in the other five laboratories. The fitted linear regres-
sion curves are shown in Figure 2. The inter-laboratory correla-
tion coefficients ranged from 0.760 to 0.875, indicating that VL
were measured with good precision in each laboratory. How-
ever, inter-laboratory regression slopes differed among labora-
tories. The slopes of laboratories A and C were close to 1.0
(0.992 and 0.984, respectively), indicating that the measured
VL in the two laboratory systems were similar to values that
were measured in the core laboratory T. However, the slopes of
laboratory B and D were greater than 1.0 (1.393 and 2.206,
respectively), indicating that the VL measured were always

Kamihira et al.

Low i Intermediate : High VL groups

higher than in the core laboratory T. In contrast, the slope of
laboratory E was <1.0 (0.399), indicating that the VL were
always lower than in the core laboratory T. However, it is well
recognized that the difference in slope influences all samples
equally when a good correlation is observed as a systematic
deviation.'® Therefore, in this paper we derived an original
“‘adjustment coefficient’’ in order to standardize data by calcu-
lating an inverse value of the slope (1/slope) for each labora-
tory. The ‘‘adjustment coefficient’ for each laboratory ranged
from 0.453 to 2.51 (Table 2).

Inter-laboratory variability after sharing RM in the second
study. We considered that the large variation among assay sys-
tems in the first study might be related to some factor affecting
universal measurements of samples, sich as the RM and normal-
ization, which are essential for gPCR. Therefore, we conducted
the second study.

In the second study, the median VL of 20 samples in five
laboratories (T, A, B, C and D) were 4.9, 6.6, 2.7, 4.5 and 3.4
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copies per 100 PBMC, respectively. The maximal difference in
the median VL was 2.4-fold (A vs B). The median inter-labora-
tory CV for VL, raw pX copy number and IC gene copy number
before normalization (the first study) and after normalization
(the second study) are shown in Figure 3A-C, respectively. The
median inter-laboratory CV for VL was slightly reduced (from
59.9% to 48.2%) with no statistical significance. The median
CV for raw pX copy number was reduced significantly from
66.9% to 35.3% (P < 0.05), whereas those for the VL and IC
gene copy number remained statistically unchanged. We also
performed linear regression analyses in a similar way to the first
study. Data from the first and second studies are summarized in
Table 3. This discrepancy of inter-laboratory CV between the
raw copy number and VL appeared to account for poor IC accu-

Table 2. Summary of inter-laboratory variability of VL in the first
study and an original adjustment coefficient for standardization

Index of inter-laboratory Laboratory

variability A B C D £
Correlation coefficientt 0835 0.843 0760 0.810 0.875
Slopet 0992 1393 0984 2206 0.399
Adjustment coefficient 1.008 0.718 1.016 0453 2.506
(=1/slope)

tThese indexes were derived from linear regression analyses for 60
measured VL between each of the five laboratories (A, B, C, D, E) and
the core laboratory T set as a reference (=1.0).
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racy and precision. Therefore, we next examined the effect of
the IC gene copy assays for inter-laboratory CV of VL.

Quality of IC gene copy assays. To confirm whether a large
variation in IC gene copy measurements is involved in the lack
of improvement of standardization of VL in each assay system,
we evaluated the measurement quality of the IC gene copy assay
in each laboratory. The “‘IC accuracy’’ was defined as the mea-
sured copy number relative to the expected copy number
with an input genomic DNA dose of 50 ng. This amount corre-
sponds to approximately 16 600 copies based on one copy per
3 ng of genomic DNA. The “‘IC precision’’ was evaluated by
using the median CV (%) of 60 measurements by gPCR with the
respective IC. gene. The results are summarized in Table 4,
showing that both ‘‘IC accuracy’” and ‘‘IC precision” were
superior in RNase P, PB-globin and CDS81 compared with
B-actin.

Discussion

Many studies have reported that a VL is linked to the patho-
genesis of a virus. The HTLV-1 VL is thought to be equivalent
to the HTLV-1-infected cell number."'*'* However, in contrast
to RT-qPCR for a large amount of transcripts, it is difficult to
accurately discriminate a_small concentration of the HTLV-1
provirus at a level of 107 to —.'?) The reliability of in-house
assay systems has been previously evaluated as the quality of
reproducibility, but little information is known about the intra-
and inter-laboratory variations in HTLV-1 VL measured by dif-
ferent in-house qPCR systems that are set up independently
at each laboratory. It is desirable that all assay systems can

doi: 10.1111/.1349-7006.2010.01720.x
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decreased compared with that of the first study (66.9 versus 35.3%,

measure VL accurately anytime and anywhere,">'® but to our
knowledge there is no information on this point. .

In this paper, we discovered three interesting findings in the
first study. First, an extremely wider variation than we expected
Wwas seen in the measured values for HTLV-1 VL, especially in
the group of high VL samples, from much lower copies to 100
copies or more per 100 PBMC. This is probably explained by
the biological characteristics of the HTLV-1 virus, such as
defects or mutations in target regions of primers and probes, or
multiple integration of the proviral genome."” Second, we
found a large difference in the actually measured VL between
laboratories with a maximal difference of 3.7-fold in the median
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proviral loads (VL), (B) raw pX copy number

samples for (A)
PX copy number significantly

median CV for only the raw

value. Third, the inter-laboratory correlation coefficients were
excellent between the core laboratory T and each of the other
laboratories. The second and third findings together indicate that
each in-house assay system works well individually, but there
was a systematic deviation from the expected values due to the
difference in assay systems (Table 1). Such systematic deviation
can be easily adjusted with an additional factor like our original
“‘adjustment coefficient (an inverse value of the slope)”’
(Table 2) to compensate the data. However, such compensation
alone is not enough to standardize the HTLV-1 VL measure-
ment and to explain the wide intra- and inter-laboratory variabil-
ity. Therefore, we performed the second study.

Cancer Sci | November 2010 | vol. 101 | no. 11 | 2365
© 2010 Japanese Cancer Association

= 21T =



Table 3. Summary of inter-laboratory variability of VL in the first
and second studies i

First study Second study  P-value
CV%, median (range)
vL 59.9 (34.2-93.3) 48.2 (20.0-144.3)
Raw pX copy/50 ng 66.9 (30.1-91.6) 35.7 (20.5-79.0) <0.05
DNA dose
IC gene copy/50 ng 39.2 (16.2-71.2) 44.9 (23.0-74.0)
DNA dose
Index of linear regression analysist
VL .
Correlation coefficient 0.824 0.815
Slope 1.195 1.05
pX raw copy/50 ng
DNA dose
Correlation coefficient 0.761 0.811
Slope 1.513 1.055
PCR efficiency
pX 1.976 1.981
c 1.967 1.98

tindexes were derived from linear regression analyses for measured
VL between each of the five laboratories and the core laboratory T
set as a reference (=1.0).

Table 4. Accuracy and precision for internal control (IC) gene copy
assays in each laboratory

IC gene used in laboratoryt

T(core) C B D A E
RNP RNP  B-actin B-actin B-globin CD81
IC accuracy* '
Measured/Expected 1.345 0.869 2.522 1.816 1.051 1.041
IC precision§ :
Vv (%) 11.8 13.2 351 326 11.4 13.8

tRnase-P(RNP), B-globin and CD81 were expected to be at a tolerable
level, but not B-actin. £”IC accuracy” was defined as the measured
copy number relative to the expected copy number with an input
genomic DNA dose of 50 ng. §”IC precision’’ was evaluated by using
median coefficient of variation (CV) (%) of 60 measurements by
quantifiable polymerase chain reaction with the respective IC gene.

In the second study, we standardized the RM for pX using
plasmid provirus DNA for each in-house assay system, based on
our inference that the main cause of the universal difference in
the VL by laboratory might be due to the difference in RM. The
inference was confirmed as presented in Table 3, where the
inter-laboratory CV for raw pX copy number was reduced sig-
nificantly after the RM standardization. Moreover, we found that
IC gene measurements were also important for standardization
of VL measurements as presented in Table 4, showing that both
““IC accuracy’’ and “‘IC precision’’ were superior in RNase P,
B-globin and CD81 compared with B-actin. Nevertheless, the
most relevant IC gene for HTLV-1 provirus quantification
remains unclear.

In general, quantitative variations by qPCR are affected by
many factors, such as biological variations, process variations,
systemic variations and other biased variations. Now a key ques-
tion arises: which grade of intra- or inter-laboratory CV is
acceptable for measurement of HTLV-1 VL? Of the in-house
gPCR for HTLV-1 VL assays, most studies have described only
a test performance by evaluating intra- and inter-assay variabil-

ity using the same sample. For example, a report by Nagai''’®
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states that acceptable intra- and inter-assay CV values are
around 25%. On the other hand, there are few studies on intra-
and inter-laboratory variability indispensable for HTLV-1VL
standardization. We searched the literature for gPCR assays in
herpes viruses that were similar to our study. The studies
reported that the median CV values of intra- and inter-laborator}'
variations about 20 and 40% for Cytomegalovirus £CMV)“9,
and about 40 and 135 for Epstein-Barr virus (EBV)®“?, respec-
tively. Interestingly, intra-laboratory CV were <40% and signifi-
cantly smaller than inter-laboratory CV. Although their study
designs were not always the same as ours, the grade of median
intra-laboratory CV values for HTLV-1, 44.9% (range, 25.4—
71.8%), in our study was a little larger than that for CMV and
EBV, whereas the grade of median inter-laboratory CV value
for HTLV-1 in our study, 59.9% (range, 34.2-93.4%), was smal-
ler than that for the two viruses. However, the grades could not
be simply compared between HTLV-1 and other viruses because
the viruses were biologically different to each other and the VL
assay systems were also different.

Similarly, the grade of intra-laboratory CV for genomic genes
have been reported to be 25-30% based on the quality of repro-
ducibility within a single in-house assay."”~’ Compared with the
grade of the previous data, our intra-laboratory CV of 44.9%
(range, 25.4-71.8%) seemed to be greater. This may come from
the difference in the study design and analyzing procedures;pre-
vious studies focused on evaluating the quality of reproducibil-
ity of one sample in a single assay, whereas the present study
focused on evaluating how much variability is present in the
measurement of the same 20 samples in three VL levels in each
laboratory, as described by Addona et al."'"? Therefore, the most
relevant grade of intra-laboratory CV for HTLV-1 provirus
quantification remains unclear.

Regarding a grade of inter-laboratory variation for mea-
surement of HTLV-1 VL, we were unable to compare this
with other studies because the present study is the first to inves-
tigate the variation. We have shown that the grade of median
inter-laboratory CV% was 59.9% (range, 34.2-93.4%), and the
value decreased as the measured value increased from low to
high (Fig. 1C), which presumably reflects the effects of stochas-
tic phenomena operative at a low input template copy number.
So far, most healthy carriers have a low VL of less than three
copies per 100 PBMC," and it is considered that a VL of 5-10
copies per 100 PBMC is the critical level to be at risk of adult
T-cell leukemia.®® Therefore, we need a measure of high accu-
racy and precision for real-time gPCR of proviral DNA equiva-
lent to the actual number of infected cells. Taken together, it is
desirable that both grades of intra- and inter-laboratory CV for
HTLV-1 VL measurement is <20%. The present study indicates
that the 20% of inter-laboratory CV for measurement of VL is
feasible, because the inter-laboratory CV for the pX copy num-
ber reduced by one-second (66.9% to 35.7%). Unfortunately,
although it was not achievable in this series, as summarized in
Table 4, poor IC accuracy and precision were responsible for
insufficient improvement of inter-laboratory CV for VL.
Accordingly, if high accuracy and precision of IC, such as RNP,
beta-globin and CD81 is selected, 20% of inter-laboratory CV
for VL seems to be realistically feasible.

In conclusion, in this study, we have shown that there is a
variety in real-time qPCR assay systems, and a wide variability
in intra- and inter-laboratory values for quantifying HTLV-1
VL. To improve the accuracy and precision of the quantification,
standardization of HTLV-1 VL using appropriate RM (plasmid
DNA) and relevant IC genes is necessary.
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surface(s)CD3, TCRa/B - y/6, cCD79a, ¢/
sCD22, cMPO T& 5. THIlERDRFHMED R
E, HRMEOBAD S c/sCD3, TCRa/p -
v/6 DIBERBROBKM L S o THIET s 5.
BIZcCDIMBEDOBRIAZEDEET, pro-T
D> S FEHRT 5 BHMFRIECD%a,
c/sCD22 w5 5. ¢cCD79a il it pro-B
BB IC B CRBA RO b N EME GHiam)
CEATITRERIFERL TV L THARE -
AT 5. BREMAER Tl cMyeloperoxi-
dase (cMPO) H#UR D # % hallmark & 7% > Tw»
%.%ﬂfu,%ﬂiﬁﬁ&émﬁﬁﬁﬁﬁb
na34, cCD79a, cCD3, cMPO M3 &t
2TV, —BICRFEEOREFITON TS, -

b. KME - KABMIOFFMEA CD HE

fE A #u4k : CD34, CD117, cTdT, CDla,
CD99. ' _ .

CD34HiE I, &b KL% L e & A
B & 4B R o s M BTER AR AL\ T 5.
CD117 #UR (c-kit) 13 B REREAMICREI T 5.
cTerminal deoxynucleotidyl transferase (¢TdT)

B, MAY—Hh—TT- -BY ¥ /SEKATER

M RBE LT\, CDla#iEid TCR(—) D
MaBR R E THIRL ISR & h, Z OREICD4™ -
CDS*ORBERELADLNLA, Thd kM
RTHE LTEETES CDIIETY »/3
M 97 % PUBLCHERL S /- MIC2 EimF
DEYTHAEEBIIIIET .

c. THIRIEEZEOFERM CDHE

1) KRBT HIREESTE(E D)

fE$UAE  ¢TdT, cCD3, CDla, CD2, CD3,
CD4, CD5, CD7, CD8, CD34, CD99.

T UoSFEHRMEAMMK/ ) v 3 FFRKEY 3
fE (T-ALL/LBL) 3, MBRATEZ 5 56iC &
) pro-T, pre-T, cortical-T, medullary—T ®
4DODATF—IJIIHEE NS, pro-T-ALL X
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%1 KHETHIEEIES (T-ALL/LBL) D& & a=mE

1 ¢TdT | <CD3 CD7 CD2 CDla CD4 CD8 sCD3 | CD34
Pro-T + + + £ -} - - - | 4/
Pre-T + + + + - — ~ — | +/-
- Cortical-T s + + + + + + - =
Medullary-T | + + + + - +/=* | =/+ ] + -
cCD3: #iFaP CD3, sCD3: fﬁﬂﬂ@iﬁﬂﬁ CD3.
‘e b — B
¢TdT* - cCD3" - cm*r%—'réﬁ CD34" %7Y. Y /ER, (TRVE)BHVLN, REZR

pre-T-ALL i3%t\> T CD2*"H3Ftk & % 5. corti-
cal-T-ALLTi3, CDla*2kgtk& %Y, %72
CD4* - CD8*? 2 ERMEASTRD 51 CD34™ 13k
#1t$ 5. medullary-T-ALL T3, sCD3*%%F
# T CD4"", CD8*DOHEBRIZ—E T\

2) BLEETHRaMEE ST (X 2)
E¥B#THAICIE, CD2*, CD3*, CD5,
CDT*"HRFL T2 EEERIE-ALD
ICREPRBOOND Z EHE V. EI,
CD4 L CD8 DRI X Y B#E & CDA*IER &
CDS'EHIC KR &1, CD30*id kLA

1) »NBE (ALCL) DZMICEE TH 5.

a) BFAR CD4'IEE 7

fEHPLHE : CD2, CD3, CD4, CD5, CD7,
CD25, HLA-DR

E 7 BUIAR CDATIESS AR 13, T MFabERT
) v oNERB I (T-PLL), R#8 THIRLY » 3 E,
 AEAREE(PTCL, NOS), % %% 3F 5%t
CTHEREY > 3fE (AITL), HWIKEREE/Sézary fiE
= # (MF/SS), B ATHIfE B Mm%/ >~ N &
(ATLL) %53 5. T-PLL iz EREFKM M TR
) VONERASHESE S B aggressive 72 T #iFLME B 1f
T, CDT' B ZMIICEETHS. AITL
i, EEMORMTHALY /5ET, ) V38
@D polymorphic Z#&H, ®AEMAERKS X
OERa B KR DER LA LI SR 2K
REZHEMET S &iE, CD10*, CXCL13",
PD-1"%HTH 5 = L 25| L 7. ATLLIZ,
HTLV-1 A VAIZX DB &I SNLEET
CD3* - CD4* - CD25** - CCR4* - HLA ~-DR*/
-CD7* - CD26" DIEH THh 5. Fit - ibH
DBR > CERFRESHE (BER, BER, Y

KEB L OB TIE, AR O aggressive %
fEBIZ HLA-DR 1L, 8M%R TI12 CD7' /%
Ak, VU NERTIZCD4Y - CDS D 2ERE
B2 RITERPZHZED NS MF/SS Ti
CD25 F&tETH ) ATLL & DERIS L 72 5.

b) HFAE! CDS'IEESFE

MMk : CD2, CD3, CD5, CD7, CD8,
CD16, CD56, CD57, TCRa/B, TCRy/é.

FLR#AECDS EEIL, TIALBL VS S
YA LBOREEEMES T LIS THIR
KEVEERL Y > 2k M (T-LGL) id, CD3*

+ TCRa/B * - CD8* - CD57(80 %) #7~ L, NK
Mileo~—%—Tah5CDI6", CD56™, _
CDS7T""DREBRIT—E TR\, FETHEY >~
NJE(HSTL) &L BEREMEE voT ) Y 3ETIE
CD8 DHERIZ—FLEWVD, TCRy/SHIZHEH
ZWT IR IEASE . v
: d. B il RIES OSFEA CD i

1) R#FAE B Mk 4IEE T (% 3)

EAPUE : cTdT, cCD79a, ¢/sCD22, clgM,
CD19, CD10, CD20.

B YU YNFERMERME/) v 8FEEREY o3
i (B-ALL/LBL) 3 RZE%MHEIC LY 3R T
—DIHTF NG, &DKRALHERMAL %Y pro
~B—-ALL(early precursor B-ALL) & FEUF ¢TdT*

- cCD79a" - cCD22* - CD19* 2tk & %2 5.
i #A 70 BX prepre-B—ALL(common ALL) Tl
CDI0" 2z CRatE L 72 5. #HARTEE pre-B-
ALL Tl cIgM* (u $5) 25FatE & %2 5. WHO %
BRI REM4/EBETFLEREXNRAR
EOREE,PORREE, 9; 228 B-ALL I
CD13*~, CD33*" OB MmELIEEE 2D,
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%3 RBEBMEEIES (B-ALL/LBL) DR ELmRHE

¢TdT | cCD79a | CD19 | CD10 | CD20 | cIgM () | slg
Pro-B + - + - - — —
Prepre-B + + + + —-/+ - -
Pre-B + + + + + + -

clgM: #FLP IgM (1 8H)

H|Z, CD66c', CD25*DRBHFADOLND.
11q23 8% ALL Tid, #i2t(4; 11)13 CD19* -
CD10 Tpro-B %L, CDIS*bBHEERT.
et (R 5 50 AR LU E O & 2 54 B-ALLIZ CD45~
ML 5. 1 19%5KE B-ALL id clgM™ (« $8)
et D pre-B-ALL #/~7".

2) miEE B MIRMEAEE ST (R 4)

ERHE : REREZ 07 ¥ slg, MR

sua7) v :clg, CD5 CD10, CD23, CD103,

CD38, CD13s.

BT BB DR EIEsIgDREBEZBDH
LThH B, EENOFMEESIgBHETH
e, ASHOMIZ20% LEDOBREEROEL
BHDHLE, clonality b LHrss. CD5S'
i Z A3 RERICIE BEY v EamE//A
)y NERMEEY 3@ (CLL/SLL) &< 7 Vi
F1Y > 3E(MCL) A% b, CD23DFHE slg
REE (HHRERRE) »5EH S5 B-
CLLTd®RE/ v 7 Y HEEH»D R\ (slgh;
- weak) Z LR E 2 5. CDIOYREHE R RT
B ey Vv SEEFEL), N—Fv b
) ¥ o8fE(BL), BMifatkE KMBE ) ¥ o3&
(DLBCL) D—&R2%% 5. I DREFLERHFE
PRTEBRTE, AEMIEE MR HCL) I,
CD103*, CD1lc*, CD25'7% LASHptke 72 2.
S HHRa % B 880& (PC) Tif, CD38** - CD138"
- clg' BT, # 7 EIDRERIC CD56AED b
N5, =@ CD38 DERLH & CD38" gating
CE W BB BIR LTRSS 2 S5,

e. BHEMBREETFMEOCDHRERIL)

1) FERIERRMIESEME

R4k : cMPO, CD11b, CD13, CDI5,
CD16, CD33, CD35 CD65 CD117, HLA-
DR.

SLEEIZ CD34Y,

FEBHMOMLE REXNERR 2K 1
WRL7:. BRERMIBOR Y V¥ —Fe—H—
¥ cMPO*, CD13*, CD33*TH 5. R EZD
H Il % acute myeloblastic leukemia (AML) @
CDNT*DFHERENEE L 72
) FAB 74 ® AML: M0, M1 CEE%XRT.
AML: M3 i3, BIEBEEkOEE TH % 720 HLA-
DR M ERT I LR ELEMEL S, Fi
BERERLIBEOSEIURFER & LTIk, CD15%
CD65M 3BT B REEkLIRED ML % L 7-HIRa I 58
L, CD11b"ix B BERUEOMAZIZ, CD16",
CD35* 3B Rk AEOMABICRB L, AL
EHIZXYm BHET 5. ’

2) BIXRMPATHE

fEF$HLE : CD4, CD11b, CD14, CD64.

H Ik % o 57 12 CD4*, CD64*, CD11b",
CDU4 ZFMCHIr SN 5. CDMIERD IS
N7-HIR<—A—Th5s. LHL, BIMAIHEEK
iR RIS 528 BIFIRIZEBYE TRTELER X
DML %2 572 AML: M4, Mb5a Tixkat%
R3. CD11b*, CD64" i3 BERRMALIZ 3V By
#%#7R9. CDI3*L CD33*ORBTIE, HIKHR
HiRE X CD33 5 K BUS§ 5. -

3) IRk - FIMERFRME DT

fERBUIE : CD235a, CD71, CD36.

CD235a* (') ak" ¥ A) ZEIRFEKD 57
MERIZE 25 bEREICAE S KIST 5. CD71Y
(NG Y R72) Y LETs—)id FREHKDIZ
PITIEHEALHREC S RG34, CD36" i M/MK
WKRDERHAL, KRFHK B ~ruzy
— ¥, MEANEMEICDZRD 5N AML: M6b
TEEHRALTV A,

4) EREFE - /VRRMAIEO S

fEAHE : CD41, CD61, CD42.
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EAERMEORHICIZCD4L () a7
54 ~1Ib), CD61Y (Y a7us4{ »Ia)at
Ay b higHES BV, 192 CD42(F) a7

o5r4 7Ib)bHVwHNS.

8. BIERERE

MoAb iZ & 5 il EHELEMRRE, TH

fa - BMila G 4=iE, THIRYT 7ty MRE,
KE®EIS 7Y Y, TATHEERE, B
R 7 ) —= v 7HE, FCM ® two—color /4T

BRI X ARMEREE, ) SR ERELR L

Vb
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Trends in HTLV-1 Prevalence and Incidence
of Adult T-Cell Leukemia/Lymphoma in

Nagasaki, Japan

Yoshito Koga,! Masako Iwal:laga,:z Midori Soda,3 Naoko Inokuchi,! Daisuke Sasaki,'! Hiroo Hasegawa,
Katsunori Yanagxhara, Kazunari Yamaguchi,* Shimeru Kamihira,' and Yasuaki Yamada'*

IDepartment of Laboratory Medicine, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan
2Department of Hematology and Molecular Medicine, Atomic Bomb Disease Institute,

Nagasakz University Graduate School of Biomedical Sciences, Nagasaki, Japan

Department of Epidemiologic Pathology, Radiation Effects Research Foundation, Nagasaki, Japan

“Department of Safety Research on Blood and Biological Products, National Institute of Infectious Diseases,

Tokyo, Japan

Most previous studies aimed at estimating the
number of human T-cell leukemia virus type-1
(HTLV-1) carriers in endemic areas have been
based on seroprevalence rates in blood donors;
however, this may result in underestimation
because of the healthy donor effect. People
who have health problem do not donate blood.
In the present study, the number of HTLV-1
carriers in Nagasaki City was estimated based
on the seroprevalence rates in a hospital-based
population from Nagasaki University Hospital. In
accordance with previous reports, seropreva-
lence of HTLV-1 was higher in females, and year
of birth-specific seroprevalence showed a sig-
nificant annual decline in both genders (P for
trend: <0.0001). The estimated number of HTLV-1
carriers in Nagasaki City was 36,983. The inci-
dence of adult T-cell leukemia/lymphoma (ATLL)
among HTLV-1 carriers was estimated using data
from the Nagasaki Prefectural Cancer Registry.
.- The estimated annual incidence of ATLL was 61
per 100,000 HTLV-1 carriers, and the crude
lifetime risk of the development was 7.29% for
males and 3.78% for females. There is a large
pool of HTLV-1 carriers aged over 70 years, and a
continuing development of cases of ATLL among
the elderly is therefore expected. J. Med. Virol.
82:668-674,2010. © 2010 Wiley-Liss, Inc,

KEY WORDS: HTLV-1; ATLL; seroprevalence;
retrovirus; epidemiology

INTRODUCTION

Human T-cell leukemia virus type-1 (HTLV-1) is the
causative agent of adult T-cell leukemia/lymphoma
(ATLL), HTLV-1-associated myelopathy/tropical spastic
paraparesis, and HTLV-1-associated uveitis [Uchiyama

© 2010 WILEY-LISS, INC.

et al., 1977; Poiesz et al., 1980; Yoshida et al., 1984;
Gessain et al., 1985; Osame et al., 1987; Mochizuki et al.,
1992). HTLV-1 carriers are clustered in the southwestern
districts of Japan, including Nagasaki, as well as among
native Andeans, North Iranians, Central Africans, and
African descendants in the Caribbean and South America
[Tajima and Takezaki, 2003]. Such regional clustering is,
at least in part, explained by vertical transmission of the
virus by breast-feeding in closed communities [Kinoshita
et al., 1984; Hino et al., 1985]. To prevent vertical
transmission, the Adult T-Cell Leukemia/Lymphoma
Prevention Program, which is a prefecture-wide breast-
feeding intervention study for HTLV-1 carrier mothers,
was initiated in Nagasaki in the middle of 1987 [Hino
et al,, 1996], and HTLV-1-positive pregnant women were
advised to refrain from breast-feeding. It has also been
demonstrated that HTLV-1 can be transmitted by blood
transfusion, and routine screening of blood donors for
anti-HTLV-1 antibodies has been conducted at all blood
centers in Japan since 1986 [Inaba et al., 1999].
Previous studies found that age-specific rates of
HTLV-1 seropositivity among residents and blood
donors in endemic areas of Japan have declined
annually [Tokudome et al., 1989; Yamaguchi et al,,
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1992]. However, the results for HTLV-1 seropositivity in
blood donors might have been underestimated, because
blood is solely procured by voluntary donation in Japan
and is limited to those aged 16—69 years old; in addition,
people who have been notified that they are HTLV-1
carriers will not revisit a blood center. Furthermore,
any age-specific analysis usually involves a birth cohort
effect. Because the majority of Japanese HTLV-1
carriers were infected through mother-to-infant trans-
mission, a birth cohort-specific analysis, rather than an
age-specific analysis provides a more appropriate means
of understanding trends in HTLV-1 seroprevalence.

Nearly 20 years have passed since the commencement
of the Adult T-Cell Leukemia/Lymphoma Prevention
Program and screening for anti-HTLV-1 antibodies in
blood centers. The first aim of this study was to
determine a more reliable estimate of the longitudinal
trend in seroprevalence of HTLV-1 in Nagasaki City,
using data from a hospital-based population from
Nagasaki University Hospital. The second aim was to
estimate the incidence of ATLL among HTLV-1 carriers
by applying the hospital-based seroprevalence rate to
ATLL records held in a population-based local cancer
registry, namely, the Nagasaki Prefectural Cancer
Registry [Soda and Ikeda, 1997].

MATERIALS AND METHODS
Patients '

The results of anti-HTLV-1 antibody tests performed
on 12,848 blood samples from 10,261 patients (males:
5,523; females: 4,738) who visited Nagasaki University
Hospital between April 2000 and March 2007 were
assessed retrospectively. Only the result of the first
examination for each patient was considered, to avoid
duplication of patients. Some patients were examined
repeatedly at different times, but no patients produced
conflicting results. The median age of the patients
was 61 years (range: 0-99). Patients with HTLV-1-
associated diseases were more likely to visit certain
departments, such as the hematology, dermatology,
neurology, and ophthalmology departments, and the
data were therefore also analyzed by the department. The
cardiovascular surgery department tested routinely for
anti-HTLV-1 antibodies in all patients before surgery.

Anti-HTLV-1 Antibody Assay

The presence of anti-HTLV-1 antibodies in serum
' samples was assayed using a chemiluminescent enzyme
immunoassay (CLEIA) (Lumipulse HTLV-1, Fujirebio,
Inc., Tokyo, Japan) [Nishizono et al., 1991; Yoshiki et al.,
1993], using an index cut-off value of 1.0. This assay is
known to be less affected by non-specific reactions than
the particle agglutination test [Fujiyama et al., 1995a,b;
manufacturer’sdata sheet]. The validity of this assay was
also verified in the Central Laboratory of Nagasaki
University Hospital by comparison with the particle
agglutination test (Serodia HTLV-1, Fuyjirebio, Inc.) and
Western blotting (Genelabs Diagnostics Pte., Tsukuba,
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Japan). The sensitivity of CLEIA is adequate to detect
almost all the HTLV-1 carriers, but there may be a small
number of false-positive results (<0.5%) in which the
HTLV-1 infection is not confirmed by the WHO criteria
for Western blotting [unpublished observation; Fujiyama
etal., 1995b]. However, the impact of this on the results of
the current study was supposed to be marginal.

Statistical Analysis

The patients were categorized by year of birth
into nine groups: before 1926, 1927—-1936, 1937—-1946,
1947-1956, 1957-1966, 1967—1976, 1977-1986, 1987—
1996, and 1997-2007. The seroprevalence rates of
HTLV-1 were calculated by dividing the number of
seropositive subjects by the number of subjects tested in
each group. The exact binomial 95% confidence intervals
(CI) for seroprevalence were calculated as required.
Comparisons of seroprevalence among categories were
performed by calculating seroprevalence ratios and
the 95% CI via a log-binomial regression model using
PROC GENMOD. Trend tests were performed using
the Cochran—Armitage test. Continuous data were
compared using the Mann—Whitney test or the Krus-
kal-Wallis test. Post hoc analyses were performed using
Dunn’s multiple comparison test. Categorical data were
compared using the y? test or Fisher’s exact test.

To estimate the year of birth-specific incidence of ATLL
in HTLV-1 carriers, a two-step estimation procedure
was performed. In the first step, the number of HTLV-1
carriers in the population of Nagasaki City was estimated
by applying the sex- and year of birth-specific HTLV-1
seroprevalences of patients in Nagasaki University
Hospital (excluding those in the departments usually
involved in treating HTLV-1-related diseases, such as
hematology, dermatology, neurology, and ophthalmology),
to the 2006 census data for Nagasaki City (population
size 454,203 in 2006). In the second step, the year of
birth-specific incidence of ATLL in HTLV-1 carriers
was estimated, based on the cases registered with the
Nagasaki Prefectural Cancer Registry between 1990 and
2005 as the numerator, and the number of HTLV-1
carriers estimated in the first step as the denominator. The
diagnosis of ATLL in the Nagasaki Prefectural Cancer
Registry data was reevaluated by one of the authors (Y.Y.).
The annual incidence of ATLL was estimated as the
number of cases per 100,000 HTLV-1 carriers. The rates
were compared using Poisson regression analysis, and
relative risk (RR) and the 95% CI were calculated.

All statistical analyses were performed using the SAS
version 9.1 (SAS Institute Japan, Tokyo, Japan) with a
two-tailed significance level of 0.05. This study was
approved by the institution’s ethical committee and by
the Nagasaki Prefectural Cancer Registry committee.

RESULTS
Seroprevalence of HTLV-1 in Patients

The presence of anti-HTLV-1 antibodies was con-
firmed in 1,392 (males: 653; females: 739) out of 10,261
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TABLE 1. HTLV-1 Seroprevalence and Age at Examination in Patients by Medical Department

Median age at

Medical department, No. examined examination (range) No. positive for HTLV-1 Seroprevalence (%)
Hematology 1,052 55 (12-95) 223 21.20
Neurology 436 62 (12-99) 75 17.20
Dermatology 934 59 (0-92) 159 17.02
Ophthalmology 339 54 (5-86) 43 12.68
Cardiovascular surgery 1,417 69 (10-94) 180 12.70
Others 6,083 60 (0-97) 712 11.70
Total 10,261 61 (0-99) 1,392 13.57

patients. The overall seroprevalence was 13.57% (95%
CI: 12.90—14.23%). Table I shows seroprevalence of
- HTLV-1 analyzed by department. As expected, the
seroprevalence was higher among patients in the
departments usually involved in treating HTLV-1-
related diseases, such as hematology (21.2%), neurology
(17.2%), and dermatology (17%). The seroprevalence
among patients in the ophthalmology department was
_relatively low (12.68%) compared with those of the
other three departments. The seroprevalence among
patients attending the cardiovascular surgery depart-

ment (12.7%) was comparable to that of the ophthalmo- .

logy department and was slightly higher than that of the
other departments not usually involved in treating
HTLV-1-related diseases (11.7%); however, the differ-
ence was not significant (P =0.33).

The overall seroprevalence was significantly higher in
females than in males (15.6% vs. 11.82%, P < 0.0001)
(Table II). This gender difference in seroprevalence
existed in every year of examination, with a female/male
ratio of 2around 1.3 (95% CI: 1.2—-1.5). There was a trend
toward a decline in annual seroprevalence during
the study period from 14.53% in 2000 to 12.78% in
2007 (Fig. 1), but it was not statistically significant (P for
trend: 0.22).

Seroprevalence of HTLV-1 in Patients by
Year of Birth

Year of birth-specific seroprevalence rates showed a
significant annual decline from 15.85% in those born

before 1926 to 0% in those born during 1987—2007 in
males (P for trend: <0.0001) and from 22.32% to 0% in
females (P for trend: <0.0001) (Table III and Fig. 2). The
annual decline in seroprevalence was especially
rapid for those born between 1947 and 1976. The
seroprevalence was consistently higher in females than
males in each cohort born before 1966, but the predomi-
nance in females became weaker in those born after
1967.

Estimation of the Number of HTLV-1
Carriers in the Population

The sex- and year of birth-specific numbers of
individuals corresponding to each birth cohort in the
hospital data were extracted from the 2006 census data
for Nagasaki City. Table IV shows the breakdown and
the estimated number of HTLV-1 carriers in Nagasaki
City based on the HTLV-1 seroprevalence of patients at
Nagasaki University Hospital by year of birth. The
estimated number of HTLV-1 carriers in Nagasaki City
was 36,983 (12,755 males and 24,228 females). More
than 90% of the carriers were born before 1966 and were
thus more than 43 years old in 2009. )

Estimation of the Incidence of Adult T-Cell
Leukemia/Lymphoma Among HTLV-1
, Carriers in Nagasaki City
On the basis of the Nagasaki Prefectural Cancer
Registry data, a total of 360 ATLL cases (males: 188;

TABLE II. HTLV-1 Seroprevalence in Patients by Year of Examination and Gender

Total Male Female
No. . No. " No. _

Year of positive/no.  Seroprevalence  positive/no. =~ Seroprevalence  positive/no. Seroprevalence F/M ratio®
examination examined (%) examined (%) examined (%) (95% CI)
2000 195/1,342 14.53 88/717 12.27 107/625 17.12 1.4 (1.1-1.8)
2001 171/1,288 13.28 85/711 11.95 86/577 14.90 1.2 (0.9-1.6)
2002 169/1,172 14.42 87/649 . 13.41 82/523 15.68 1.2 (0.9-1.5)
2003 171/1,243 13.76 91/690 13.19 80/553 14.47 1.1(0.8-1.4)
2004 163/1,289 12.65 76/699 10.87 87/590 14.75 1.4 (1.0-1.8)
2005 176/1,261 13.96 75/664 11.30 101/597 - 16.92 1.5 (1.1-2.0)
2006 182/1,375 13.24 79/721 10.96 103/654 15.75 14(1.1-1.9)
2007 165/1,291 12.78 72/672 10.71 93/619 15.02 14 (1.1-1.9
Total 1,392/10,261 13.57 653/5,523 11.82 739/4,738 15.60 1.3 (1.2-1.5)

95% CI, 95% confidence intervals.
3F/M ratio indicates the female-to-male ratio for seroprevalence.
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Fig. 1. Changes in annual seroprevalence of HTLV-1 in patients
visiting Nagasaki University Hospital. There was an annual decline in
~ seroprevalence, though this was not statistically significant (P for

trend: 0.22).

‘females: 172) diagnosed between 1990 and 2005
(16 years) in Nagasaki City (Table V) were confirmed.
The median age of the patients was 67 years (range:
33-99 years). No patient was born after 1967. The
estimated annual incidence of ATLL was 61 per 100,000
HTLV-1 carriers, with a significantly higher rate in
males (92) than females (44) (RR: 2.75, 95% CI: 2.37-
3.19). There was a clear annual decline in prevalence
by year of birth until 1966 (P for trend: <0.0001), with
the highest rate in carriers born before 1926 (375 for
males, 112 for females, and 171 in total) (Table V). The
mean life span of Japanese individuals in 2008 was
79.19 years for males and 85.99 years for females, and
the crude lifetime risk of developing ATLL in HTLV-1
carriers was thus 7.29% for males and 3.78% for females.

DISCUSSION

The results of this study indicate a clear annual

decline in the year of birth-specific seroprevalence of
HTLV-1, similar to that reported preViously among
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blood donors in another area of Japan where the virus is
endemic, namely, Kumamoto prefecture [Oguma et al.,
1992; Yamaguchi et al., 1992]. The trend toward a rapid
annual decline in HTLV-1 seroprevalence seen in the
cohorts born from 1947 to 1976 is explained by improved
sanitation, increased popularity of bottle-feeding; and
the reduced duration of breast-feeding. The Adult T-Cell
Leukemia/Lymphoma Prevention Program may have
had a considerable impact on the decline in Nagasaki,
because the seroprevalence in patients born after 1987,
when this program was started, was zero. A decrease
in seroprevalence of HTLV-1 has also been reported
outside of Japan. In French Guiana, the prevalence in
pregnant women older than 25 years was 8.3%, while
that in those aged 25 years or younger was 2.8%
[Tortevoye et al., 2000]. A recent article confirmed this
trend [Tortevoye et al., 2005]. In a community-based
follow-up study in Guinea-Bissau, the prevalence
decreased from 3.5% in 1996 to 2.3% in 2006 [da
Silva et al., 2009]. In the present study, a higher level
of prevalence was found in females, which has been
documented previously and was interpreted as showing
that HTLV-1is transmitted more easily from husband to
wife than from wife to husband [Tajima et al., 1987,
Kondo et al., 1989; Tokudome et al., 1989; Yamaguchi
et al., 1992]. The recent reduction in this difference may
be due to a decrease in the number of children and the
frequent use of condoms as contraception in Japan.
Seroprevalence was higher in patients in the hemato-

logy, dermatology, and neurology departments than in
other departments, because patients with HTLV-1-
associated diseases visit these departments. In contrast,
the prevalence in patients in the ophthalmology depart-
ment was almost the same as that in patients in
departments not usually involved in treating HTLV-1-
related diseases. This is probably because of a low
incidence of HTLV-1-associated uveitis. The prevalence
in patients attending departments not usually involved
in treating HTLV-1-related diseases was expected to
indicate the background prevalence in Nagasaki City.
The cardiovascular surgery department routinely tests

TABLE III. HTLV-1 Seroprevalence in Patients by Birth Year and Gender

Total Male Female
No. No. No.

Year of positive/no.  Seroprevalence positive/no. Seroprevalence positive/no. Seroprevalence F/M ratio®
birth examined (%) examined (%) examined (%) (95% CI)
Before 1926  246/1,316 18.69 117/738 15.85 129/578 22.32 1.4 (1.1-1.8)
1927-1936 458/2,568 17.83 224/1,465 15.29 234/1,103 21.21 1.4 (1.2-1.6)
1937-1946 312/1,961 15.91 139/1,079 12.88 173/882 1961 - 15(1.2-1.9)
1947-1956 236/1,710 13.80 115/915 12.57 121/795 15.22 1.2 (1.0-1.5)
1957-1966 91/990 9.19 36/481 7.48 55/509 10.81 1.4 (1.0-2.2)
1967-1976 37/910 4.07 18/456 3.95 19/454 4.19 1.1 (0.6-2.0)
1977-1986 12/588 - 2.04 4/281 1.42 8/307 2.61 1.8 (0.6-6.0)
1987-1996 0/155 0 0/78 -0 0/77 0 —
1997-2007 0/63 0 0/30 0 0/33 0 —
Total 1,392/10,261 13.57 653/5,523 11.82 739/4,738 15.60 1.4 (1.2-15)"

95% CI, 95% confidence in<tervals.
2R/M ratio indicates the female-to-male ratio for seroprevalence.
bThe F/M ratio was adjusted for the year of birth.
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Fig. 2. Seroprevalence of HTLV-1 in patients by year of birth. The
‘HTLV-1 seroprevalence rate showed a significant annual decline by
birth year in both genders (P for trend: <0.0001).

for anti-HTLV-1 antibodies in all patients before
surgery. The prevalence among patients in this depart-
ment was 12.7%, which was slightly higher than that in
other departments not usually involved in treating
HTLV-1-related diseases (11.76%). This could be due
to the fact that the median age of the patients in the
cardiovascular surgery department (69 years) was
greater than that in other departments (60 years).
Most previous studies that have examined seropre-
valence of HTLV-1 among blood donors in endemic
areas used age-specific but not year of birth-specific
seroprevalence. The blood center of Nagasaki prefecture
reported year of birth-specific seroprevalence based on
data from 253,824 blood donors and found a 3.11%
(7,889) seropositivity [Chiyoda et al., 2001]. The
seroprevalence was 8.95% in donors born before 1936,
7.3% in those born between 1937 and 1946, 5.11% in
those born between 1947 and 1956, 2.9% in those born
between 1957 and 1966, 1.51% in those born between
1967 and 1976, and 1.29% in those born between 1977
and 1983. A recent report confirmed this trend [Iwanaga

Koga et, al.

et al, 2009]. These prevalence rates are, however,
approximately 50% lower than those estimated in the
present study. The results based on blood donors do not
reflect the real prevalence and are underestimates.
However, there it is also possible that hospital-based
prevalence results are overestimated. The seropreva-
lence of HTLV-1 was 0.3% in patients at a genitourinary
medicine department at a hospital in southeast London,
while those in blood donors in the north of England and
north London were very low, in the range of 0.0014—
0.005% [Turner et al., 2008]. The seroprevalence of
HTLV-1/2 in pregnant women in Argentina (0.191%)
was 10 times higher than that in blood donors (0.019%)
[Trenchi et al., 2007]. .

The year of birth-specific annual incidence of ATLL
among HTLV-1 carriers indicated a clear trend of higher
rates in earlier year of birth, due to the tendency of this
disease to develop in the elderly. The crude lifetime risk
of developing ATLL in HTLV-1 carriers was 7.29% for
males and 3.78% for females. A study in Saga prefecture,
another area of Japan in which HTLV-1 is endemic,
estimated age--and sex-specific prevalence of HTLV-1
among blood donors [Tokudome et al., 1989]. The sex-
and age-specific numbers of HTLV-1 carriers were also
estimated by applying the results to the entire popula-
tion of Saga prefecture. The crude annual incidence
rates among 100,000 HTLV-1 carriers of 40—79 yearsold
were 115.9 for males and 66.4 for females, and the
cumulative risks were 4.5% for males and 2.6% for
females. Two other studies found similar results.. The
Ehime ATLL study group reported that the crude
annual incidence rate among 100,000 male carriers
aged over 30 years was 145.3 while that for females was
55.2 [Kondo et al., 1989]. In a recent cohort study of the
populations of the small islands in Nagasaki prefecture,
the crude annual incidence rate among 100,000 carriers
of 30 years old or older was estimated at 137.7 for males
and 57.4 for females, and the cumulative risk for
individuals of 30-79 years of age was estimated at
approximately 6.6% for males and 2.1% for females
[Arisawa et al., 2000]. It is interesting that the lifetime

TABLE IV. Estimation of the Number of HTLV-1 Carriers in the Population

Size of population® Seroprevalence of HTLV-1 (%)° Estimated no. HTLV-1 carriers®

Year of birth Male Female Male Female Male Female Total
Before 1926 9,107 19,993 12.98 20.38 1,182 4,075 5,257
1927-1936 19,916 28,268 13.41 19.18 2,671 5,422 8,093
1937-1946 24,519 29,823 10.67 18.56 2,616 5,535 8,151
-1947-1956 36,358 38,642 9.16 12.30 3,330 4,753 8,083
1957-1966 26,808 29,887 6.34 9.15 1,700 2,735 4,434
1967-1976 27,368 29,991 3.69 3.90 1,010 1,170 2,180
1977-1986 23,628 26,050 1.04 2.07 246 539 785
1987-1996 23,341 22,809 ; 0 0 0 0 0
1997-2007 19,175 18,520 0 0 0 0 0
Total 210,220 243,983 9.99 14.28 12,755 24,228 36,983 .

#Data were obtained from the 2006 census data for Nagasaki City.

Data were based on the results of patients at Nagasaki University Hospital, with the exception of the departments of hematology, dermatology,
neurology, and ophthalmology, during the years of examination (2000-2007).
“The rate was calculated by multiplying sex- and year of birth-specific numbers by sex- and year of birth-specific HTLV-1 seroprevalence.
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TABLE V. Estimation of the Incidel}ce of Adult T-Cell Leukemia/Liymphoma Among HTLV-1 Carriers in Nagasaki City

Estimated nd. HTLV-1 carriers®

No. adult T-cell leukemia/
lymphoma in NPCR?

Estimated annual incidence of adult
T-cell leukemia/lymphoma among
HTLV-1 carriers (per 100,000)¢

Year of birth Male Female Total Male Female Total Male Female Total
Before 1926 1,182 4,075 5,257 71 73 144 375 112 171
1927-1936 2,671 5,422 8,093 60 52 - 112 © 140 60 86
1937-1946 2,616 5,635 8,151 30 24 54 72 27 41
1947-1956 3,330 4,753 8,083 24 18 42 ' 45 24 . 32
1957-1966 1,700 2,735 4,434 3 5 8 11 11 11
1967-1976 1,010 1,170 2,180 0 0 0 . 0 0 0
'1977-1986 246 539 785 0 0 0 0 0 0
1987-1996 0 0 0 0 0 0 0 0 0
1997-2007 0 0 0 0 0 0 0 0 -0
Total 12,755 24,228 36,983 188 172 360 92 44 61

2Data are cited from Table IV.

e used cases registered with the Nagasaki Prefecture Cancer Reg15try (NPCR) during 1990-2005 (a total of 16 years).
°The rate was calculated usmg\number of adult T-cell leukemia/lymphoma in the NPCR as the numerator and the estimated number of HTLV-1

carriers as the denominator.

risk of developing ATLL in HTLV-1 carriers in the.
present study was higher than those reported in other
studies, although it is possible that the number of
HTLV-1 carriers was overestimated because of the
hospital-based nature of the current study. In this
context, it is necessary to consider the shift in age
-distribution of patients: the median age of patients
before 1990 in Nagasaki prefecture was younger than
65, but that in recent years was over 70 (data from
Nagasaki Prefectural Cancer Registry). If we therefore
"evaluate the lifetime risk for a group in which the
patient age is limited to 79, the results will exclude
patients older than this age. The number of HTLV-1
carriers is apparently decreasing in most areas of the
world in which HTLV-1 is endemic, including Nagasaki.
However, it is also true that the incidence of ATLL, at
least in Nagasaki City or the Nagasaki prefecture, has
not changed in the past 20 years (data from Nagasaki
Prefectural Cancer Registry). There is still alarge pool of
elderly HTLV-1 carriers over 70 years old in Japan, and
the continuous development of ATLL among individuals
in this pool is expected. Further studies in HTLV-1
endemic areas outside Japan are needed to confirm
these trends.
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