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Prognostic Index for Acute- and Lymphoma-Type Adult
T-Cell Leukemia/Lymphoma

Hiroo Katsuya, Takeharu Yamanaka, Kenji Ishitsuka, Atae Utsanomiya, Hidenori Sasalki, Shuichi Hanada,
Tetsuya Fro, Yulkiyoshi Moriuchi, Yoshio Saburi, Masaharu Miyahara, Fisaburo Sueoka, Naokuni Uike,
Shinichiro Yoshida, Kiyoshi Yamashita, Kunihiro Tsukasaki, Hitoshi Swzushima, Yuju Ohno,

Hitoshi Matsuoka, Tatsuro b, dnji Suzumiya, and Kazuo Tamura

The prognosis of acute- and lymphoma-type adult T-cell leukemia/lymphoma (ATL) is poor, but

there is marked diveisity in survival outcomes. The aim of this study was to develop a prognostic
index (P for acute- and lymphoma-type ATL (ATL-P).

Patients and Methods

Tn a retiospective review, data from 807 patients newly diagnosed with acute- and lymphoma-type
ATL between January 2000 and May 2009 were evaluated. We randomly divided subjects into
training (n = 404) and validation (n = 403) samples, and developed a PI using a multivariable
fractional polynomial model

Results
Median overall swvival time (MST) for the 807 patients was 7.7 months. The Ann Arbor stage (I

and IIv I and IV), performance status (O to 1 v 2 to 4), and three continuous variables (age, serum
albumin, and soluble nterdeukin-2 receptor [sIl-2R]) were identified as independent prognostic
factors in the training sample. Using these variables, a prognostic model was devised to identify
different levels of risk. In the validation sample, MSTs were 3.6, 7.3, and 16.2 months for patients
at high, intermediate, and low sk, respectively (P < .001; ¥* = 89.7, 2 df; log-rank test). We also
simplified the original ATL-PI according to dichotomizing age at 70 years, serum albumin at 3.5
g/dl, and sIL2R at 20,000 UmL and developed an easily calculable PI with prognostic

discrimination power (P < .001; ¥* = 74.2, 2 df; log-rank test).

Conclusion

The ATL-Plis a promising new tool for identifying patients with acute- and lymphoma-type ATl at

different risks.

J Clin Oncol 30:1635-1640. © 2012 by American Society of Clinical Oncology

Adult T-cell leukemia/lymphoma (ATT) isaperiph-
eral T-cell malignancy caused by human T-cell lym-
photropic virus type T (HTLV-1)."* HIIV-1 is
endemic to the southwestern region of fpan, Carib-
bean basin, Central and South America, and western
Africa. The cumulstive incidence of ATL is esti-
mated to be approximately 2.5% to 5% among
HTILV-1 carriers®* Patients with ATL present with
characteristic clinical features such as increased ab-
normal lymphocytes with cerebriform or flower-
like nuclei (flower cells) in the peripheral blood,
hypercalcemia, skin lesions, generalized lymphade-
nopathy, and hepatosplenomegaly accompanied by
opportunistic infections. ™ A previous report by the
Japan Clinical Oncology Group-Lymphoma Sudy
Group (JCOG-180G) identified five prognostic fac-

tors for ATL, including advanced performance sta
tus (P9, high lactic dehydrogenase (LDH), ageof 40
years or older; total involved lesions, and hypercal-
cemia, on the basdsof an analysisof 854 patientswith
newly diagnosed ATL registered between 1983 and
1987.° The JCOG-1.8G then proposed four clinical
subtypes: acute, lymphoms, chronic, and smoldering
types. This sysfem is known as Shimoyama classfica:
tion and is besed on prognostic factors and clinical
features of the disease” This classification is now
widely used for determining therapeutic strategy.
Generdlly, the prognosis of acute- and lymphoma-
type ATLis poor, wheress that of the chronic and
smoldering types is better. More than two decades
have passed since the pivotal reports by JCOG- LG,
and ATL management has improved over this pe-
riod. Recently, an International Consensus Meeting
recormmended treatment using chemotherapies

© 2012 by Amercan Society of Clnical Oncology 1635
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such as a vineristine, cyclophosphamide, doxorubicin, and pred-
nisolone (VCAP) plus doxorubicin, ranimustine, and prednisolone
(AMP) plus vindesine, etoposide, carboplatin, and prednisolone
(VECP), which is a sequential combination chemotherapy congisting
of VCAP, AMP, and VECP* with or without subsequent allogeneic
hematopoietic cell transplantation (HCT) for acute- and lymphoma-
type AL, and acombination of interferon alfa and zidovudine (TEN/
AZT) for acute-type ATL.outside of clinical trials.*®

However, there are diverseclinical courses and survival outcomes
among patients with acute- and lymphoma-type ATL Therefore, itis
necessary to establish a prognostic index (PI) for a risk-adapted ap-
proach and to improve the quality of clinical trials To determine
prognosisin patients with acute- and lymphoma-type ATL, we duci-
dated prognostic factors by performing a nationwide survey of pa-
tients diagnosed during the past decade and developed aPL

Patients

We conducted a retrogpective survey of patients with ATL diagnosed
between Jnuary 1, 2000, end May 31, 2009, in Jpan. The inclusion criterion.
for thisinvestigation wes a disgnosisof acute- and Iymphoma-type ATLbased
on Shimoyama classification. Patients who had undergone allogeneic HCT
were excluded from this analysis because there is an undetermined impacton
swvival using thisnove intervention. All clinical data as well as the validity of
diagnosis of AT were centrally reviewed by two expert hematologists

Clinical Data

Wecollected information regarding sex, age, institutional based-clinical
subtype, WBC counts neutrophil county lymphoid cell counts, abnormal
Iymphoid cell counts, hemoglobin, platelet counts, serum total protein, serum
albumin, blood urea nitrogen (BUN), LDH, soluble interleukin- 2 receptor
(- 2R), pressnce of hypercalcernia, C-reactive protein, maximum turmoy
size, “B’ symiptoms, PSby Bastern Cooperative Oncology Group (HCOQG),
Ann Arbor stage, and mumberof lesionsof involved lymph nodes, aswell asthe
sites and nuraberof invo lved extranodal lesions. We defined leukemic stage IV
disease as the presence of more than 1% of abnormal lymphocytesin periph-
eral blood according to the definition for disgnosing acute- and lymphoma-
type ATLin Shimoyama classification.” Overall survival (09 was caleulated
from the time of diagnosis to the date of death by any cause or to the last
follow-up date.

Approval of the study procedure was obtained from the ethics com-
mittee and institutional review board of the coordinating center (Fukuoka
University) and at each participating center on the basis of their institu-
tional policies.

Statistical Analysis

The data set was randomly split into either a training sample for devel-
oping a P or a validation sample for evaluating the obtained Pl Continuous
variables were not categorized a priori becavse categorizing a predictor would
result in an inevitable loss of information.’* We applied parametric models
based on two-degree fractional polynormial (FP) functions to retain relevant
varishles continuous. ™ For each continuous varishle X, one or two terms of
the form XP were fitted with powers, p, which were chosen from (—2, —1,
-0.5,0,0.5, 1,2, and 3. Theassociation of each variahle with OSwasevaluated
using a univariable FPmodel, and varisbles showing a Pvalue of less than .05
were considered candidate predictors. Then, the multivarisble FP (MFP) pro-
cedureusing backward elimination wasperformed. Thebackward elimination
washased onclosed testing, ™ and aPvalueof lessthan .05 was used for variable
selection, A continuous PI from the final MFP moddl was categorized into
threerisk groups, with two optimal cutoff pointsin the continuous Pl found by
maximizing thelog-rank statistics according to the minimal Pvalue spproach.

An explorative amplification of our continuous Pl was developed, di-
chotomizing all the predictors a priori according to their standard cutoff

1636  © 2012 by American Society of Clinical Oncology

Hg 1. CONSORT flowcehart of patients: 1,270 patients diagnosed with acute-
and lymphoma-type adult Teell leukemia/lymphoma wew registerad, Of these
patients, 227 patients were excluded hecause they had undergone allogeneic
hematopoietic cell transplantation (HCT). Two hundred thirty-six patients were
exchded for the following reasons: 228 forinadequate clinical data at diagnosis
because they had at least one missing value of covadates in Table 1, six for
diagnostic enwr, and two for double registration. The remaining 807 patients
were analyzed and randomly divided into training (n = 404) and validation (0 =
403) samples.

points. Concordance between three risk groups from the simplified PI and
those from the original PI was measured using weighted k.

Survival curves were estimated using the Kaplan-Meier method and
compared using the log-rank test, All statistical analyses were performed with
SASversion 9.2 (SAStitute, Cary, NC) with %rfpS8 macro'® and MATLAB
(Mathworks, Natick, MA). All Pvalues were reported as two-sided.

Patient Characteristics

Data from 1,270 patients with acute- and lymphoma-type ATL:
weresubmitted from 8linstitutionsacrossbpan (Fig1). A total of 227
patients had undergone allogeneic HCT and were excluded. Of the
remaining 1,043 patients, 236 patients were excluded for the following
reasons: 228for inadequate clinical dataat diagnosis because they had
at least one missing value of covariates in Table 1, six for diagnostic
error, and two for double registration. Thus 807 patients were
analyzed for the development of the PL. Baseline characteristics are
shown in Table 1. Deaths were observed in 641 patients (79%), and
the median overall survival time (MST) was 7.7 months (95% CI,
7.0to 8.7 months) . The most common cause of death was progres-
sive disease (81.3%). Death from infection without disease pro-
gression was 13.4%.

The number of patients who received initial treatment was 765
(95%), whereas 37 (4.6%) did notreceive any treatment, and five were
uncertain. Of the 765 patients who had received initial treatment, 755
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Spleen involvement present - 138 17
| Pleuml effusion present .y Saaaan
Ascites present 63 8

Table 1. Baseline Charactenstics of All Patients {(n = 807)
Characteristic Nov. %
Age, years o
Medan . 8T
© Renge ‘ ‘ - 3591
Sex
Female 383 47
Male 424 53
Iymphomatype = 243 ; 30
Neutrophil count, X 10%L
Median 5.2
Range 0.16-37
Hemoglobin level, g/dL ; : s
‘Range ; 74180
Platelet count, X 10°%/L
Median 206
Range 8-885
- Serum fotal protein, gdL. e : e
- . - -
Serum albumin, g/dL,
Median 3.6
Range 1.85.8
561183
621
Range 127-13,813
IDH > 2 X UIN 457 57
‘delpble’:I’[’.«k.‘ZR, U/'mL : . : -
~ Median . 22800
CBage. - . 302-683,000
Hypercalcemia present 279 35
bereased CRPpesent 0 0 sTe BB
Arn Avbor stage
No. of extranodal sites
Median 1
Range
No: of total

NOTE. The soluble IL-2R level by pg/mL can be converted to U/mLusing the
formula: value (pg/miy X 0.113.

Abbreviations: BUN, blood wrea nitrogen; CRP, C-eactive protein; ECOG PS,
Eastem Cooperative Oneology Group performance status; IL-2R, interdeukin-2
wceptor LDH, lactate dehydrogenase; ULN, upper limit of normal.

WWW.JCO.0rg

Thble 2 Results of Varable Selection by the MFP Modelin the
Training Sample @ = 404)

Variable HR 95% CI P

Stage .. e
o S 100

mv o 191 12510292 003
ECOG PS

0-1 1.00

2-4 1.42 1.13 to 1.80 003
Age, vears (continuousy 102 10107103 007
Serum albumin, g/dl continuous) 0.70 0.57 to 0.87 .001
IbgIL2R) Uiml (continvous) . 145 11910 176 <001

Abbreviations: ECOG PS: Eastern Cooperative Oncology Gioup performance
atatus; HR, hazard xatio; MFP, multivariable fractional polynomial sIL2R,
soluble interleukin-2 recepton

had chemotherapy and 10 patients had undergone lesion-dirvected
treatment (Appendix g Al, online only). No patient received TEN/
AZT, which is considered a standard treatment for acute-type ATLin
the world, "% because this combination of agents has not been ap-
proved for ATLin JBpan.

Development of the PI

We randomly selected 404 patients (5006 of the 807 patients) asa
training sample and developed a PI based on thisset. Hrst, in univar-
iate analysis with the two-degree univariable FP model, all variables
except sex showed Pvalueslessthan .05 (likelihood ratio test). Wethen
performed backward elimination using the MEFP model. Variables
that remained independently significant included Ann Arbor stage (1
orIIvIlorlV), BCOGPS(0to 1v2to 4), and the three continuous
variables of age, serum albumin, and sl 2R, The MFP model yielded
a significant nonlinear function for §ll-2R (log trangformation),
wheress the other four variables fitted linearly, thus allowing an ex-
pression of a final multivariate model in terms of the usual Cox
regression model. The estimated hazard ratios and their 95% Clsin
the final multivariate model in the training sample are shown in
Table 2. A linear risk function based on Cox regression coefficients
(ie, the log of hazard ratios), which hereafter we call AT, Pl was as
follows: ATL-PI = 0.65 (if stage = [l or IV) + 0.35 (if BCOG
PS> 1) + 0.016 X age(vears) — 0.36 X albumin (g/dl) + 0.37 X
logyo (sll- 2R [U/mal]).

The median of the ATL- Plin the training samplewas 2.13 (range,
0.3010 3.48), 10% of values were lessthan 1.31, and 90% of valueswere
less than 2.86, Potential cutoff points between 1.30 and 2.90 were
evaluated, and the value of 2.6 showed the best discrimination on the
basisof thelog-rank test. (1 df) and was defined as the high-rigk group
for 91 patients (23%, ATL-PI= 2.6). To define thelow-risk group, the
valueof 1.6 waschosen asthebest discriminatorusing the log-rank test
(2dD), and 76 patients were classified aslowrisk (19%, ATL- PI < 1.6).
The distribution of ATL- Pl was similar in the validation sample (n =
403) with high-, intermediate-, and low-rigk groups of 99 (25%), 232
(56%), and 72 (18%) patients respectively, using the designated cutoff
points. The three risk groups according to the ATL. Pl were effectively
prognostic in the validation sample, as shown in Fgure 2 (P < .001;
x° = 89.7, 2 df log-rank test) . MST's were 3.6 (95% CL 2410 4.6), 7.3
(95% C1, 64 to 85), and 16.2 (95% CL, 14.5 to 24.7) months for
patients at high, intermediate, and lowrigk, respectively, and OSrates
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1.0 e Lov: ATLPI< 1.6
wemss Ingermediate: 1.6 SATL-PI< 2.6
0.8 woovene Fliorh: ATL-Pi2 2.6
I
B
c’% 0.6 - P <.0001; 42 =897, 248 bogvank test)
L
E 041
0.2 4
e
XNW”’&% T
s,
H T T T T
0 12 24 36 48 60

No. atrisk

Brre Bom Diagnosis (months)

Iow 72 44 22 12 8 4
Intermediate 232 56 28 18 14 8
Iigh 99 7 4 2 0 0

Heg 2. Overall survival curves for the validation sample (a = 403) according to
the adult T-cell leukemia/lymphoma prognostic index (ATL-PD): An ATLPI score
was calculated as 0.65 @ stage = Il ox IV) + 0.85 i Fastem Cooperative
Oncology Group performance status > 1) + 0.018 X age {years) — 0.36 X
albumin (g/dl) + 0.37 X logy[soluble intedeukin-2 receptor (Uml)].

ab 2 yearswere 4% (95% CI, 1% to 10%6), 17% (95% CI, 12% to 22%),
and 3%% (95% CI, 27% to 51%)), respectively.

Simplified ATL-PI

In the previous section, we described how a continuous PI was
estabhished from a model in which all velevant covariates were kept
continuous, This Pl was then used to categorize the three risk groups.
Although this procedure is statistically valid for deriving the catego-
rized risk groups,** to make the scoring system easier and clinically
practicable, we simplified the system by initially dichotomizing indi-
vidual continuous covariates. Median values of the identified contin-
uous prognostic factors for age, serum albumin, and sl1-2R were 67
years, 3.6 g/dly and 21,500 (Y mLin the training sample, respectively.
Therefore, we set the clinically appropriate cutoff pointsat 70 years for
age, 3.5 g/dL for serum albumin, and 20,000 Umlfor sI1-2R and
subsequently fitted a multivariate Cox model based on these dichoto-
mizationsin the training sample (Table 3). The estimated Cox regres-
sion coefficientswere0.77, 0.41, 0.37, 0.35, and 0.31 for the Ann Arbor
stage, BCOG PS age, albumin, and sl1-2R, respectively. Bom the
weights of these varigbles, we defined a simphfied ATL-PI as follows:
simplified ATL-PL= 2(if stage = MMorIV) + 1 GfBOOGPS> 1) +
1 (if age > 70 years) + 1 (i albumin < 35 g/dl) + 1 (f 2R >
20,000 U/ml).

Onthebasisofthe best discriminations according to thelog-rank
testin the training sample, scoresfrom O to 2 were categorized into the
lowrisk group, 3 and 4 into the intermediate-risk group, and from 5
to 6into the high-risk group. The simplified ATL- Pl was then applied
to the validation sample, which showed adistribution from Othrough
6(0n=131n=10;2n=543 n=1124n=955n= 786,
n = 40). Fequenciesof the three rigk groups were 118 patients (29%),
208 patients (52%), and 77 patients (19%), for high-, intermediate-,
and low-risk groups, respectively. This clasification yielded a high
concordance with the original ATT - Pl (weighted &, 0.82) in the vali-
dation sample and resulted in a good separation of OS curves
(P< 001 ¥* = 74.2, 2 df log-vank test). Survival curves of the three

1638  © 2012 by American Society of Clinical Oncology

Table 3 Results of Cox Regression Model With Dichotomized Covarates
in the Training Sample (n = 404)

Variable HR 95% CI P

Score

 143t03.30

ECOGPS
0-1 1.00
2-4 1.51

1.20 to 1.90 001 1

Serum albumin, g/dL
= 3.5 1.00
<35 1.42

000

20,000

1.1210 1.79

003 1

NOTE. The five varables are those selected by the multivardable fractional
polynomial model In fitting the Cox model, age, serum abumin, and sl-2R
were dichotomized. The last column shows an assigned score for each
varigble in the calculation of the simplified adult T-cel leukemia/lymphoma
prognostic index.

Abbreviations: ECOG PS, Hastern Cooperative Oncology Group peformance
status; HR, hazard watio; sI-2R, soluble nterleukin-2 receptor.

groups according to the simplified ATL-FI are shown in Hgure 3.
MSTsweare 4.6 (95% CI, 2.6 10 5.4), 7.0 (95% CI, 6.3 10 8.6), and 16.2
(95% CI, 13.4to 23.2) months, and the 2-year OSrates were 6% (9%5%
CL 2% to 12%), 17% (95% CI, 12% to 23%), 87% (95% CI, 25% to
49%) for patients at high, intermediate, and low risk, regpectively.
These results indicated that the siraplified ATL-PI also had good
prognostic power in the validation sample.

1.0 wose Trywi: seove =0, 1, 2

wseses Intermediate: score = 3, 4

0.8 - s High: score = 8, 6

g 0.6 (P < .0001; ¢* = 74.2, 2 df: log-rank test)
€2}
E 04-
0.2
e
T T T 1 T
4] 12 24 36 48 60
No. atvick "Hrre Fom Diagnosis (months)
Low 77 45 29 11 6 3
htermediate 208 52 26 18 14 9
High 118 190 6 2 0 o

Hg 3 Overall suwvival cuwves for the validation sample (n = 403) according
to the simplified adult T-cell leukemia/lymphoma prognostic index (ATL-PD:
The score for the simplified ATL-PTwas calculated as 2 (f stage = WorIV) + 1
(f Hastem Cooperative Oncology Group perdormance status > 1) + 1 @f age
> 70 vears) + 1 @ albumin < 3.5 g/dl) + 1 Gf schuble intedeukin-2 receptor >
20,000 UfmD).
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Prognostic Index for Acute- and Lymphoma-Type ATL

Age-Adjusted ATL-PI

The simplified ATL- Pl wasapplied to asubgroup of patients who
were 60 vearsof sgeoryounger (n= 109} or T0yearsof age oryounger
(n= 255). The predictive capability of the previously determined rigk
factors other than age was evaluated within each age subgroup in the
validation sample. Scores from O to 2 were categorized into the low-
vigk group, 3 and 4 into the intermediate-risk group, and 5 into the
high-rigk group. The three rigk groups according to this age-adjusted
AT Plwere effectively prognostic in patient subgroups younger than
60 or 70 years of age (Appendix Fg A2, online only). MSTs were 2.8
(95% CL, 0410 5.4), 6.6(9%% CL 5.8t0 9.1), and 18.2(95% (1, 134 to
35.1) months for patients at high, intermediate, and low risk among
those younger than 60 years and 3.1 (95% CI, 2.1t0 5.3), 6.7 (95% CI,
5.6 to 84), and 162 (95% CI, 12.8 to 21.0) months among those
younger than 70 years, respectively.

Application of ATL Pl to Patients With Allogeneic HCT
We applied the simplified ATL-FI to 192 patients with allogeneic
HCT in whom data was available for five variates. The numbers of
high-1isk patients were as few as 12 patients (6%), whereas 97 (51%)
and 83 (43%) patients showed intermediate and low risk, respectively.
MSTswere 9.2(95% CI, 4.2 t0 12.7), 14.0(95% CI, 11.0t0 17.9), and
14.3(95% CI, 11.3 to 26.0) months at high, intermediate, and lowrisk,
regpectively (Appendix Hg A3). No statistical difference was observed
among the three groups (P= 08 x> = 5.04, 2df log-rank test).

Plsfor specified subentities of mahignant lymphomahave involved
the International Prognostic Index (IPD) for diffuse large B-cell
Iymphoma (DLBCD),*® follicular lymphoma IPI for follicular lym-
phoma,*® and PI for advanced Hodgkin’s lymphoma'” PI for
T-cell lymphoma, including peripheral T-cell lymphoma unspec-
ified and extranodal natural killer T-cell lymphoma, nasal type,
were also reported.*®™ However, there have been no studies re-
garding PI for acute- orlymphoma-type ATL The aim of this study
was to develop a system for risk stratification in patients with
acute- and lymphoma-type ATL Importantly, this is the largest
study to analyze prognosis among pahents with acute- and
Iymphoma-type ATL, and the ATL- PLis the first Pl for this cohort
enabling differentiation among three subgroups with significantly
different prognoses. The simplified version of the ATL- Pl demon-
strated a similar power of prognostic discrimination.

The ATI- Pl consists of five factors: Ann Arbor stage, HCOGPS
age, serum albumin, and ¢lL- 2R, Inour multivariate analysls, the most:
significant factor concerning prognostic relevance to survival was the
AnnArbor stage TorIllvIIor IV). Ann Arborstage hasheen included
mprognostic indicesfor other typesof lymphomabut not emphasized
in ATL because many patients with acute type fall into stage IV asa
resultof the leukemic phase of the disease. The prognostic significance
ofthe Anm Arbor stage can be trandlated into better survival in patients
with acute- and lymphoma-type ATL with imited disease. Serum
sIL-2R level™?' was a significant novel indicator in our analyses.
Notably, the survival impact of the serum slL-2R levels was stronger
than IDH levels, which are commonly included in Plsfor many types
of malignant lymphoma. It is thus conceivable that serum sl - 2R can
be anew marker of tumor load in ATL

WWW.JCO.0rg

Recent analysis of 126 patients from the International Peripheral
T-Cell Lymphoma Project suggested that the 1P, which is commonly
used in the management of paients with DILBCL, *isalso ausefultool
for predicting clinical outcome of patients with ATL* However, in
contrast to our study, most patients registered in the previous project
had lymphoma type. We applied the 1P to 403 patients in the valida-
tion sample and confirmed that most patients were allocated into the
intermediate- or high-risk groups, whereas patients in the lowrigk
group sccounted for only 5.7%:; the median age of 67 years in our
analysis was higher than that in patients involved in the TPI study (56
years),”® and many more patients with ATLthan with DLBCLwerein
stage IV as aresult of frequent leukemic manifestation in the periph-
eral blood. Moreover, 89% of patients surpassed the normal upper
Limitof LDH in our study. A similar tendency was observed in apply-
ing the PI for peripheral T-cell Ilymphoma unspecified to the valida-
tion sample.™

We additionally investigated the simplified ATL-FI according
to chemotherapeutic regimens. The MSTs were 4.8 7.3, and 14.7
months for patients with a cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone (CHOP)/ CHOP-like regimen # high, inter-
medizate, and low risk, regpectively, and 5.3, 8.7, and 14.9 months for
patients with VCAP- AMP-VHCP, regpectively. Thus the simplified
ATT-PLwas not affected by chemotherapeutic regimens,

We excluded patients treated with allogeneic HCT in our analysis
because allogeneic HCT has an undetermined impact on strvival. In
fact, allogeneie HCT may have the potential to put some patientsinto
cure, thus significantly prolonging their survival, whereas allogeneic
HCT' causes an observed treatment-related moxtality of up to
43%,% % implying that prognoses of a specific fraction of patients are
perturbed by this intervention. We applied the smplified AT Pl to
patients who received allogeneic HCT, but it was not possble to
distinguish patient subgroups between low and intermediste rigks
This may be because transplantation was applied to a particular pop-
ulation who could complete induction treatment and survived umntil
transplantation (6 months median since diagnosis), regardless of their
risk classification. The predominant difference appears in the
intermediate-risk group, where the MSTs were 14.0 and 6.5 months
for patients with allogeneic HCT and standard therapy, respectively,
suggesting that allogeneic HCT might have improved the prognosis
for the group, although this should be interpreted with caution be-
causeof the potential bissin patient selection for transplant. Thereisa
need for alarger study to address thisissue.

In conclusion, we proposed anoriginal ATL. Pl and itssimplified
version including five prognostic factors for acute- and lymphoma-
type ATL The ATL- P, the first PI for acute- and lymphoma-type
AT, is a promiging platform that can be used to determine optimal
treatrent based on risk stratification and for well-controlled clinical
trials. Further international studies including patients treated with
TEN/AZT, which is a common treatment for acute-type ATLoutside
Jpan, iswarranted to assess the power of the ATL-FL
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Adult T cell leukemia/lymphoma (ATLI) is a peripheral T-cell malignancy caused by human T-lympho-
tropic virus type I (HIIV-1). ABT 737, a small molecule inhibitor of Bel-2, Bel-X;, and Bel-w, significantly
induced apoptosis in HIIV-1 infected T-cell lines as well as in fresh ATIL cells, and synergistically
enhanced the cytotoxicity and apoptosis induced by conventional cytotoxic drugs. Moreover, ABT 737

significantly inhibited the in vivo tumor growth of an ATIL mouse model. These results suggest that

Keywords:

ATIL

Novel treatment
Bcl-2 family proteins
Apoptosis

ABI~737

the use of an agent targeting anti-apoptotic bel-2 family proteins, either alone or in combination with
other conventional drugs, represents a novel promising approach for ATIL

© 2011 Hsevier Ireland Itd. All rights reserved.

1. Introduction

Adult T-cell leukemia/lymphoma (ATLL) is a malignancy of
peripheral T-lymphocytes caused by human T-lymphotropic virus
type I (HTLV-1). (inical subtypes of ATIL include smouldering,
chronic, lymphoma, and acute types {1]. At present, conventional
chemotherapeutic regimens used against other malignant lympho-
mas are usually administered to aggressive (i.e., acute and lym-
phoma types) ATIL patients. Treatment by interferon-a in
combination with zidovudine has also been shown to be effective
according to small-scale studies; however, its efficacy remains to
be assessed in larger trials [2,3]. Recent reports of apanese clinical
trials of induction chemotherapy, as well as reports of retrospective
analysis of allogeneic hematopoietic stem cell transplantation for
aggressive ATLL, showed improvement of the therapeutic outcome,
although it still remained extremely poor {4-7].

ABT-737 (Abbott Laboratories, Abbott Park, II) is a small mole-
cule that occupies the pro-apoptotic Bel-2 homology domain

* Corresponding author. Tel.: +81 928011011; fax: +81 928655656.
E-mail address: kenjiishitsuka@fukuoka-u.acjp (K Ishitsuka).

0304-3835/$ - see front matter © 2011 Hsevier Ireland Itd. All rights reserved.
doi:10.1016/j.canlet.2011.11.030

(BH3) binding groove of anti-apoptotic Bcl-2 family members,
and, thereby, strongly and selectively inhibits Bel-2, Bel-X;, and
Bel-w. ABT-737 has been reported to induce apoptosis in a variety
of tumor cell lines including chronic lymphocytic leukemia, malig-
nant lymphoma, multiple myeloma, acute myelocytic leukemia,
and acute lymphoblastic leukemia as well as in solid tumors [8-
15]. Phase I/II clinical trials of ABT-263, an orally available analog
of ABI*737, are currently in progress. Promising preliminary results
have been reported when ABI-263 is used as a single agent for re-
lapsed or refractory lymphoid malignancies and advanced small
cell lung cancer [16,17].

The constitutive activation of NF:J B has been reported to be a
characteristic feature of ATIL cells [18], and activated NFj B in-
duces the expression of anti-apoptotic Bel-2 family proteins [19].
In fact, Bel-2 and Bel-Xp have been reported to be highly expressed
and confer resistance to chemotherapy in ATIL cells [20-22].
Therefore, the targeting of Bel-2 and Bel-X; is a promising novel ap-
proach for the treatment of ATLL

In this study, we demonstrate that ABT-737 inhibits the growth
of ATIL.cells both in vitro and in an in vivo mouse model by induc-
ing apoptosis. Furthermore, ABI-737 enhances the cytotoxicity of
conventional drugs towards ATILcells.
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Table 1
Expression of Bel-2, Bel-Xp, and Mcl-1 in lymph node ATILcells.
Case Bel-2 Bel-X;, Mel-1
1 4+ 4+ —
2 4+ 2+ 3+
3 4+ 1+ -
4 3+ 2+ -
5 3+ 1+ 3+
6 3+ 1+ 3+
7 3+ 1+ -
8 2+ 4+ 4+
9 1+ 1+ 2+
10 4+ - 2+
11 4+ - -
12 4+ - -
13 4+ - -
14 4+ - -
15 4+ - -
16 - 4+ 4+
17 - 4+ -
18 - 2+ 3+
19 - 1+ 1+
20 - 1+ -
21 - - 4+
22 - - 2+
23 - - -
24 - - -
25 - — -

Protein expression was determined immunohistochemically and
the percentage of positively stained cells was quantified using
the following scale: —: <10% 1+ 10-25% 2+ 25-50% 3+ 50—
75%and 4+>75%

(A) Bel-2

(B) Bel X,

2. Materials and methods
2.1. Cells

Three HTLV-1 infected T-cell lines: MT-1, MT-2, and HUT 102, were used in this
study. MT-1 and MT-2 cells were kindly provided by Dr. L Miyoshi (Kochi Univer-
sity, Nangoku, Japan), and HUT 102 cells were obtained from the American Type
Culture Collection (ATCC, Rockville, MD). MT-1 and HUT 102 cells were established
from peripheral blood (PB) tumor cells of ATIL patients {23,24], while MT-2 cells
were established from cord blood T cells by the co-cultivation of normal human
cord lymphocytes and PBtumor cells from an ATI Lpatient [25]. An acute T-cell leu-
kemia cell line free from HTIV-1 Jurkat, and Burkitt lymphoma cell lines Raji and
Ramos cells were obtained from the ATCC. Fresh PB tumor cells (PB-ATLLcells) ob-
tained from acute-type ATIL patients whose number of ATILcells comprised more
than 90% of white blood cells, after obtaining informed consent, were separated
from heparinized PB by Hcoll-Hipaque density sedimentation. Cells were cultured
at 37°C in RPMI 1640 containing 15% fetal bovine serum (FBS; Sigma, St Louis,
MO), 21 M r-glutamine, 100 U/mL penicillin, and 1001 g/mL streptomycin (Gibco,
Grand Island, NY).

2.2. Reagents

A Bel-2 family inhibitor, ABI-737, and its less active enantiomer, A-793844,
were provided by Abbott Laboratories (Abbott Park, II). Doxorubicin, vincristine,
etoposide, and flavopiridol were obtained from Sigma (St Louis, MO). Cell Counting
Kit-8 (Dojindo, Kumamoto, Japan) was used to assess cellular proliferation by
employing a colorimetric assay. The pan-caspase inhibitor z- VAD-fmk was obtained
from Bachem (Bubendorf, Switzerland).

2.3. Immunostaining

Twenty-five lymph node specimens that had been biopsied for the purpose of
diagnosis and shown to involve ATIL were selected from files in the Department
of Pathology at Fukuoka University. Paraffin sections from each of the samples were
immunostained with monoclonal antibodies against Bel-2 (Dako, Glostrup, Den-
mark), Bel-Xp, (Cell Signaling, Beverly, MA), and Mecl-1 (Millipore, Billerica, MA)
using heat-mediated antigen retrieval. Staining results were evaluated semi-quan-
titatively by two independent observers. Immunostaining was considered negative
if less than 10%of the tumor cells were stained. In specimens considered positive,

(C) Mel-1

A B

Patient

v N )
L Ca (]

N &
s 0§ ¢ Qf

Fig. 1. Expression of Bcl-2 family proteins in ATIL cells and cell lines. The expression of Bcl-2(A), Bel-X(B), and Mcl-1(C) proteins in ATIL cells of lymph node specimens
obtained from ATIL patients was determined by immunohistochemistry. Representative results of immunostaining are shown. An Olympus BX41 microscope equipped with
a 20x/0.75 objective lens (Olympus, Tokyo, Jpan) was used, along with a DP70 digital camera (Olympus). Original magnification 40x. (D) Whole cell lysates of freshly
isolated peripheral blood ATLLcells in patients A and B; MT-1, MT- 2, HUT 102, Jurkat, Raji, and Ramos cell lines were subjected to Western blotting to assess the expression of
Bel-2, Bel-X, Bel-w, and Mcl-1 proteins. Actin expression was used as a loading control.
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Fig. 2. ABT-737 inhibits the growth of cell lines, including HIIV-1 infected T-cell lines, and augments the cytotoxicity of conventional chemotherapeutic agents towards MT-
1 and MT-2 cells. (A) Growth inhibition of cell lines by either ABI-737 or its less active enantiomer A-793844, was assessed by colorimetric assay after 72-h culture (a: MT-1,
b: MT-2,c: HUT 102, d: Jurkat, e: Ramos, f: Raji cells). Data represent means + SD (standard deviation) of 3 independent experiments (*p <0.05 by the Student’s t-test). (B MT
1 (a,b,and ¢) and MT-2 (d, e, and ) cells were treated with doxorubicin, vineristine, or etoposide in combination with ABT* 737 at the fixed ratio for 72 h, and the effects of the
combined treatment were evaluated using CaleuSyn software. Fraction affected (Fa)-combination index (CD) plots illustrating the effects of fixed drug ratio combinations are
shown. ClI values <0.9 are considered synergistic, >1.1 are antagonistic, and values of 0.9-~1.1 are additive. Representative data from triplicate experiments are shown.

Table 2

Induction of apoptosis by ABI-737 in MT-1, MT-2, and fresh ATIL cells.
ABI737 (1 M) MT-1 MT-2 HuT 102 Patient A Patient B

72h 72h 72h 48h 72h 72h

0 2.46 3.72 4.28 9.61 25.6 295
0.125 nt. 10.5 74.2 nt. nt. nt.
0.25 n.t. 154 90.7 nt. nt. n.t.
0.5 n.t. 24.7 nt. n.t. nt. n.t.
1 7.86 45.1 nt. 30.5 53.2 61.8
2 119 n.t. n.t. 32.8 58.8 53.1
4 21.4 n.t. nt. 35.8 61.9 64.5

Cells were treated as indicated, and the percentage of apoptotic cells was deter-
mined by flow cytometric analysis using APO2.7. nit.: not tested.

staining of the tumor was quantified on a scale from 1 to 4 based on the percentage
of positively-stained tumor cells, as described previously: —:<10% 1+ 10~25% 2+:
25-50% 3+ 50-75%and 4+:>75% [26].

2.4, Detection of apoptosis

APO 2.7 staining (Immunotech, Marseille, France) and the TdT-mediated d-UTP
nick end labeling (TUNEL) assay (MBL, Nagoya, $pan) were used to determine
apoptosis, and were evaluated using an EPICSXLflow cytometer (Beckman Coulter,
Hialeah, FI).

2.5. Western blotting

Western Blotting was performed as previously described [27] with the follow-
ing antibodies: anti-caspase 3, -caspase 8, -caspase 9, PARP, Bel-2, Bel-Xj, Bel-w, and
Mcl-1 (Cell Signaling). Immunoblotting with anti-b-actin (Cell Signaling) confirmed
equivalent protein loading.

2.6. Xenograft severe combined immunodeficient (SCID) mouse model and in vivo
treatment

Five-week-old female CB-17/Icr-SCID mice, obtained from Ryukyu Biotec Co.
(Urasoe, hpan), were maintained in containment level 2 cabinets, and provided
with autoclaved food and water ad libitum. Mice were engrafted with 1 x 107
HUT 102 cells by subcutaneous injection in the post-auricular region and were ran-
domly placed into 2 cohorts of 5 mice each that received either ABI-737 or vehicle.
Treatment was initiated on the day following cell injection. ABT-737, dissolved in
5%dextrose in water containing 30%propylene glycol and 5% Tween 80, was given
intraperitoneally every day for 21 days at a dose of 100 mg/kg/day. Control mice re-
ceived the same volume of vehicle only. The tumor size was monitored once a week.
Following treatment, all mice were sacrificed on day 21, blood samples were col-
lected, and sera were analyzed to determine the level of soluble IL-2 receptor a
(sIL-2Ra) using a commercially available FISA kit (BioSource, Camarillo, C4). Tu-
mors were excised at the time of sacrifice, and their weight was measured. Tumors
were fixed for paraffin embedding and tissue sectioning, and were subjected to
TUNEL staining using a commercially available kit (Takara Bio, Otsu, Japan) to as-
sess the induction of apoptosis. This experiment was performed according to the
Guidelines for the Animal Experimentation of the University of the Ryukyus and
was approved by the Animal Care and Use Committee of the University of the
Ryukyus.

2.77. Analysis of drug synergy

The nature of the interaction between ABT-737 and conventional chemothera-
peutic agents was evaluated using the Chou-Talalay method by determing the com-
bination index using CalcuSyn software (Biosoft, Ferguson, MO). MT-1 cells were
treated by ABI737 at the concentration of 0.125-4.0 1 M with either of doxorubi-
cin, vineristine or etoposide at the fixed ratio of 100:1, 250:1 or 15:1, respectively.
While, MT-2 cells were treated by ABI~737 at the concentration of 0.03-1.01 M
with either of doxorubicin, vincristine or etoposide at the fixed ratio of 25:1,
125:1 or 15:1, respectively. Each fraction affected (Fa) was calculated by comparing
the absorbance values of drug-treated wells, measured by the colorimetric assay, to
the absorbance of control wells. A drug concentration that induces Fa=0.25 signi-
fies a 25%decrease in absorbance and growth (i.e., IG5 concentration). Background
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absorbance was set at Fa = 1. Based on this approach, combination index values <0.9
are considered synergistic, >1.1 are antagonistic, and values 0.9-1.1 are additive
[28,29].

3. Results
3.1. ATIL cells express Bel-2 and Bel-X;, proteins

Prior to analysis of the effect of targeting anti-apoptotic Bel-2
family proteins on ATILcells, we first immunohistochemically ana-
lyzed the expression of Bel-2, Bel-Xj, and Mel-1 proteins in 25
lymph node specimens obtained from ATIL patients. Bcl-2 and
Bel-Xj, proteins were expressed in 60% (15/25) and 56% (14/25)
of the ATIL samples, respectively. In total, 80% (20/25) of the
specimens expressed Bel-2 and/or Bel-Xy, proteins. The anti-apop-
totic Mcl-1 protein was expressed in 44%(11/25) of the specimens
(Table 1). Representative results of immunostaining for Bel-2, Bel-
X1, and Mcl-1 are shown in Hg. 1A, Band C.

We subsequently examined the expression of Bel-2 family pro-
teins by Western blotting in fresh PB-ATIL cells and the cell lines
used for analysis of the cytotoxicity of ABI-737 in this study
(Hg. 1D). In PB-ATIL cells from 2 patients, expressions of Bcl-2,
Bel-Xj, and Mcl- 1 protein were observed, while that of Bel-w varied
in cases. In cell lines, Bcl-2 protein was expressed in MT-1, MT-2,
HUT 102, and Jurkat cells. Bel-Xy, protein was expressed in MT 1
and MT-2, as well as in Raji and Ramos cells. Bel-w protein was
strongly expressed in Raji cells. While Mcl-1 protein was expressed
highly in Raji and Ramos cells, moderately in MT-1, MT-2, and Jur-
kat cells, and modestly in HUT 102 cells.

3.2. ABI*737. inhibits the growth of HIIV-1 infected T cell lines

To examine the cytotoxicity of ABI-737, cell lines were cultured
with either ABI-737, or its less active enantiomer A-793844, for
72 h, and cell growth was determined using a colorimetric assay
(Bg. 2A). ABT-737 inhibited the growth of MT-1, MT-2, HUT 102,

durkat, and Ramos cells, with 50% inhibition of growth (ICso) at
72h observed at a concentration of 2.4, 0.23, 0.008, 0.23, and

(A) MI1

Caspase 8

Caspase 9

Caspase 3

PARP

ABT-737 (0.5 UM) & N N R
Dox VCR VP-16
20nM &nM  270nM

6.791 M, respectively. Raji cells were resistant to ABI-737, show-
ing an IC;, value of 23.71 M at 72 h.

3.3. ABI*737. induces apoptosis in HILV-1 infected T-cell lines and in
patients’ ATI L cells

In order to further characterize the cytotoxicity of ABI*737 to-
wards ATIL cells, we next analyzed the induction of apoptosis by
the flow cytometric detection of APO2.7-positive cells. ABT*737
significantly induced apoptosis in MT-1, MT-2, and HUT 102 cells
(Table 2). The induction of apoptosis was also confirmed by the
TUNEL assay (data not shown). ABI-737 also induced apoptosis
in fresh PB-ATILcells (Table 2).

3.4. Augmentation of the cytotoxicity of conventional
chemotherapeutic agents by ABI* 737

To determine if ABT-737 enhances cytotoxicity induced by con-
ventional anti-tumor agents, cells were treated with ABI-737 in
combination with either doxorubicin, vincristine, or etoposide for
72 h, and the effects of combined treatment were evaluated using
CalcuSyn software. FA-CI plots, which reveal the effects of fixed
drug ratio combinations, are depicted in Hg. 2B. All drug combina-
tions exhibited synergistic effects (CI<0.9) for both cell lines. Cells
that were treated first with ABT*737 for 24 h, followed by a expo-
sure to doxorubicin, vincristine, or etoposide, showed a similar
synergy (data not shown). Furthermore, the combination of any
of these conventional drugs with a lower dose of ABI-737 mark-
edly enhanced drug-induced apoptosis, which is accompanied by
caspase activation and PARP cleavage (Fig. 3) and blocked by pre-
treatment with z-VAD-fmk at the concentration of 251M
(Hg. 4A and B). While expression of Mcl-1 was not modulated by
any of the conventional anti-tumor agents with or without ABI-
737 (data not shown).

3.5. ABI: 737. suppresses AIIL tumor growth in SCID mice
Hnally, we examined the effect of ABT-737 on ATIL in vivo.
SCID mice (n=10) were inoculated with HUT 102 cells. Treatment
(B) MT-2
Caspase 8 |

Caspase 9

Caspase 3

PARP .

ABT-737 (0.25 pM) o - o o

Dox VCR VP-16
20nM 4nM  135nM

Fig. 3. Cleavage of caspases and PARP by treating conventional agents with or without ABI-737. MT-1 (A) and MT-2 (B) cells were treated with doxorubicin (Dox), vincristine
(VCR), etoposide (VP-16) or vehicle control, in the absence or presence of lower dose of ABI:737 for 48 h, and whole cell lysates were subjected to Western blotting to

determine cleavage of caspases and PARP.
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with either ABT*737 (n=5) or vehicle (n=5) was initiated on the
day following inoculation. On day 21 post-treatment, the mean tu-
mor volume, weight, and serum level of sIL-2Ra were significantly
lower than those of vehicle-treated mice (p <0.05 by the Mann-
Whitney U-test) (Fig. 5A-D). Moreover, the massive induction of
apoptosis in the tumors of mice treated with ABT*737 was ob-
served by immumnofluorescent TUNEL assay (Hg. 5E and F). These
results suggest that ABT-737 has a strong in vivo anti-ATIL effect
through the induction of tumor cell apoptosis.

4. Discussion

Several reasons have been suggested to explain why the thera-
peutic outcome of aggressive ATILis very poor. One involves the
intrinsic resistance of ATILcells to conventional chemotherapeutic
agents. This resistance is due to their high-level expression of anti-
apoptotic proteins [21,22], up-regulation of efflux pumps such as
P-glycoprotein and lung resistance related protein [30,31], and
their activation of proliferation and survival signals [32,33]. A sec-
ond reason is the inherent highly-immunocompromised state of
ATILpatients that leads to the development of lethal opportunistic
infections both before and after the onset of ATIL.[34]. Therefore,
novel therapeutic strategies, which can overcome the intrinsic
resistance of ATIL cells to conventional cytotoxic agents that are
commonly used in the clinic, and that induce less collateral dam-
age to normal tissues, would be a promising breakthrough for
the treatment of ATIL

Anti-apoptotic Bel-2 family proteins permit the survival and
maintenance of cancer cells by blocking apoptosis. Furthermore,
the role of anti-apoptotic Bcl-2 family proteins in resistance to

(A) MTI-1
ABT-787 - _ + -
@.5uM)
7-VAD -fink - . - .
(25N

Combination
pos

5.1%
et At |

+ doxorubicin {20 nd)

+etoposide (270 nM)

anti-cancer treatment has been widely demonstrated. This critical
role of anti-apoptotic Bel-2 family proteins is due to the fact that
most conventional chemotherapeutic anti-cancer agents appear
to induce apoptosis via the intrinsic pathway [35-37]. ABI-737, a
BH3 mimetic which binds to and inhibits anti-apoptotic Bel-2 fam-
ily proteins, induces cell death exclusively through the mitochon-
drial, intrinsic apoptotic pathway [38]. ABI-737 is thought to
function predominantly by blocking Bel-2, Bel-X;, and Bel-w, while
Mecl-1 is a known inducer of resistance to ABT-737 [39,40]. There-
fore, sensitivity of ABI-737 is suggested to be correlated with high-
level expression of either Bcl-2, Bel-Xy, or Bel-w, and with low-level
expression of Mcl-1.

In this study, we demonstrated that ABT-737 shows promise in
the treatment of ATIL We first validated the concept of targeting
Bel-2 or Bel-X;, proteins for the treatment of ATILby showing that
80% of lymph node specimens derived from ATIL patients ex-
pressed Bel-2 and/or Bel-Xp, proteins. These features are in agree-
ment with previous small scale studies of patient specimens and
cell lines [20-22]. In addition, Bcl-2 and Bel-Xp, proteins were
strongly expressed in PB-ATIL cells in two patients we evaluated.
These results clearly confirmed the therapeutic rationale of target-
ing Bel-2 or Bel-X;, for the treatment of ATIL

ABT-737 significantly inhibited the growth of the HTIV-1-in-
fected HUT 102 and MT-2 as well as non-infected Jurkat cells at
a dose of lower than 11M, while MT-1 and non-infected Ramos
cells were less sensitive, and Raji cells were resistant to ABT-737.
The expression of Bcl-2, Bel-X;, Bel-w and Mecl-1 proteins was
determined to evaluate the relation to the sensitivity of ABI-737.
It is possible that many factors other than the proteins examined
in this study may affect ABT-737-induced apoptosis; however,

(B) MT-2
ABL-T37
©.25 M)

Z-VAD -fmk
25UV

3.3%

Combination
—

+ vincristine (4 ol

4.5%

- + etoposide (1356 nM)

Fg. 4. Induction of apoptosis in MT-1 and MT-2 cells by conventional agents with or without ABI*737. MT-1 (A) and MT-2 (B) cells were treated with doxorubicin,
vincristine, etoposide, or the vehicle control, in the presence or absence of ABT-737 for 48 h, and the induction of apoptosis was assessed using an APO2.7 assay. Pretreatment
by z-VAD-fmk at the concentration of 251 M for 1 h prior to exposure to the conventional agents with or without ABI-737 was conducted as indicated. The percentage of
APO2.7-positive cells is shown. Representative data from triplicate experiments are shown.
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Fig. 5. ABI 737 inhibits the growth of HUT 102 cells in SCID mice. HUT 102 cells (1 x 107 per mouse) were inoculated subcutaneously into SCID mice. The mice (n = 5/group)
were treated with either vehicle or ABI-737 (100 mg/kg/day given intraperitoneally) for 21 days. (A) Tumors excised from mice treated with or without ABT 737 for 21 days
are shown. (B) Tumor volumes at 7, 14, and 21 days after cell inoculation. Data represent the mean #* SD of 5 mice in each group (*p <0.01). (C) Tumor weight at the time of
sacrifice on day 21. Data represent the mean * SD of 5 mice in each group (*p <0.01). (D) Serum levels of sIL-2Ra at the time of sacrifice on day 21. Data represent the
mean * SD of 5 mice in each group (*p <0.05). Tumors were excised from mice, treated with (F) or without (F) ABI~737, at the time of sacrifice on day 21, and were subjected
to TUNEL assays to assess apoptotic cells (green). Images were captured through an ultraviolet filter using an IX70 microscope (Olympus, Tokyo, dapan). Original

magnification 100X.

the low-level expression of Bel-2 protein and/or high-level expres-
sion of Mcl-1 protein tend to be correlated with reduced sensitivity
to ABI-737 in these cell lines. Moreover, inhibition of Mcl-1
expression by flavopiridol [41,42] significantly enhanced the
induction of apoptosis by ABI~737 in MT-1 and MT-2 cells (data
not shown). These results, together with the profile of ATIL cells
shown in Table 1, strongly suggest that ABI-737 is a promising
agent for the treatment of ATIL, especially patients whose tumor
cells are highly positive for Bel-2 while negative for Mcl-1 are
probably the best candidates for this treatments. Most importantly,
ABT737 significantly inhibited tumor cell growth, and induced
apoptosis, in a mouse ATIL model.

However, in comparison with CIL cells, whose IG5 to induce
apoptosis in fresh tumor cells derived from 60 patients reported
to be less than 100 nM [43], ATIL cells seems to be less sensitive.
One of the possible reasons for distinct sensitivity between ATIL
and (ILcells is the constitutive activation of NF-j Bpathway which
inducing anti-apoptotic and survival signals in ATIL cells
[19,43,44]. We next evaluated the synergistic effects of ABI*737
by combining with conventional cytotoxic drugs using MT-1 and
MT-2 cells, which are less sensitive to ABI*737 than HUT 102 cells.
Anti-apoptotic Bel-2 family proteins are localized in mitochondria,
and modulating intrinsic apoptotic signaling, by which most con-
ventional chemotherapeutics induce apoptosis [45,46]. Inhibition
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of Bel-2, Bel-X;, and Bel-w by ABI-737 thereby supposed to en-
hance the cytotoxicity of conventional chemotherapeutics by over-
coming intrinsic resistance to apoptosis. In fact, any of the key
chemotherapeutics used for the current treatment of aggressive
ATIL, i.e., doxorubicin, vincristine, or etoposide in combination
with ABT-737, showed strong synergism in inducing cytotoxicity
and caspase-dependent apoptosis.

In conclusion, the results indicate that Bcl-2 anti-apoptotic fam-
ily proteins are potential targets for the treatment of ATLL, and that
ABT 263, the clinically relevant analog of ABT* 737 and being inves-
tigated in ongoing clinical trials, used either alone, or in combina-
tion with conventional drugs, represents a promising novel
targeted approach to overcome drug resistance and improve the
patient outcome in ATIL
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