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Shinichiro Yoshida, Kiyoshi Yamashita, Kunihiro Tsukasaki, Hitoshi Suzushima, Yuju Ohno,

Hitoshi Matsuoka, Tatsuro Jo, Junji Suzumiya, and Kazuo Tamura

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

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

Patients and Methods

In a retrospective 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 Pl using a multivariable
fractional polynomial model.

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

and ll vIll and 1V), performance status (0 to 1 v 2 to 4), and three continuous variables (age, serum
albumin, and soluble interleukin-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 risk, respectively (P < .001; x* = 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 slIL-2R at 20,000 U/mL and developed an easily calculable P! with prognostic

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

Conclusion

The ATL-Pl is 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 (ATL) is a periph-
eral T-cell malignancy caused by human T-cell lym-
photropic virus type I (HTLV-1)."* HTLV-1 is
endemic to the southwestern region of Japan, Carib-
bean basin, Central and South America, and western
Africa. The cumulative incidence of ATL is esti-
mated to be approximately 2.5% to 5% among
HTLV-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 Study
Group (JCOG-LSG) identified five prognostic fac-

tors for ATL, including advanced performance sta-
tus (PS), high lactic dehydrogenase (LDH), age of 40
years or older, total involved lesions, and hypercal-
cemia, on the basis of an analysis of 854 patients with
newly diagnosed ATL registered between 1983 and
1987.% The JCOG-LSG then proposed four clinical
subtypes: acute, lymphoma, chronic, and smoldering
types. This system is known as Shimoyama classifica-
tion and is based on prognostic factors and clinical
features of the disease.” This classification is now
widely used for determining therapeutic strategy.
Generally, the prognosis of acute- and lymphoma-
type ATL is poor, whereas that of the chronic and
smoldering types is better. More than two decades
have passed since the pivotal reports by JCOG-LSG,
and ATL management has improved over this pe-
riod. Recently, an International Consensus Meeting
recommended treatment using chemotherapies
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such as a vincristine, 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 consisting
of VCAP, AMP, and VECP*® with or without subsequent allogeneic
hematopoietic cell transplantation (HCT) for acute- and lymphoma-
type ATL, and a combination of interferon alfa and zidovudine (IFN/
AZT) for acute-type ATL outside of clinical trials.'®

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

Patients

We conducted a retrospective survey of patients with ATL diagnosed
between January 1, 2000, and May 31, 2009, in Japan. The inclusion criterion
for this investigation was a diagnosis of acute- and lymphoma-type ATL based
on Shimoyama classification. Patients who had undergone allogeneic HCT
were excluded from this analysis because there is an undetermined impact on
survival using this novel intervention. All clinical data as well as the validity of
diagnosis of ATL were centrally reviewed by two expert hematologists.

Clinical Data

We collected information regarding sex, age, institutional based-clinical
subtype, WBC counts, neutrophil counts, lymphoid cell counts, abnormal
lymphoid cell counts, hemoglobin, platelet counts, serum total protein, serum
albumin, blood urea nitrogen (BUN), LDH, soluble interleukin-2 receptor
(sIL-2R), presence of hypercalcemia, C-reactive protein, maximum tumor
size, “B” symptoms, PS by Eastern Cooperative Oncology Group (ECOG),
Ann Arbor stage, and number oflesions of involved lymph nodes, as well as the
sites and number of involved extranodal lesions. We defined leukemic stage IV
disease as the presence of more than 1% of abnormal lymphocytes in periph-
eral blood according to the definition for diagnosing acute- and lymphoma-
type ATL in Shimoyama classification.” Overall survival (OS) was calculated
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 PI or a validation sample for evaluating the obtained PI. Continuous
variables were not categorized a priori because categorizing a predictor would
result in an inevitable loss of information."! We applied parametric models
based on two-degree fractional polynomial (FP) functions to retain relevant
variables continuous.'? For each continuous variable X, one or two terms of
the form X? were fitted with powers, p, which were chosen from (-2, —1,
—0.5,0,0.5, 1,2,and 3). The association of each variable with OS was evaluated
using a univariable FP model, and variables showing a P value of less than .05
were considered candidate predictors. Then, the multivariable FP (MEP) pro-
cedure using backward elimination was performed. The backward elimination
wasbased on closed testing,'? and a Pvalue of less than .05 was used for variable
selection. A continuous PI from the final MFP model was categorized into
three risk groups, with two optimal cutoff points in the continuous PI found by
maximizing the log-rank statistics according to the minimal P value approach.

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

1636 © 2012 by American Society of Clinical Oncology

Fig 1. CONSORT flowchart of patients: 1,270 patients diagnosed with acute-
and lymphoma-type adult T-cell leukemia/lymphoma were registered. Of these
patients, 227 patients were excluded because they had undergone allogeneic
hematopoietic cell transplantation (HCT). Two hundred thirty-six patients were
excluded for the following reasons: 228 for inadequate clinical data at diagnosis
because they had at least one missing value of covariates in Table 1, six for
diagnostic error, and two for double registration. The remaining 807 patients
were analyzed and randomly divided into training (n = 404) and validation (n =
403) samples.

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

Survival curves were estimated using the Kaplan-Meier method and
compared using the log-rank test. All statistical analyses were performed with
SAS version 9.2 (SAS Institute, Cary, NC) with %mfp8 macro'® and MATLAB
(Mathworks, Natick, MA). All P values were reported as two-sided.

Patient Characteristics

Data from 1,270 patients with acute- and lymphoma-type ATL
were submitted from 81 institutions across Japan (Fig 1). 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: 228 for inadequate clinical data at 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 PI. 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,
7.0 to 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 not receive any treatment, and five were
uncertain. Of the 765 patients who had received initial treatment, 755
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Table 1. Baseline Characteristics of All Patients (n = 807)

Characteristic

No.

%

Sex
Female
Male

Neutrophil count, X 10%/L
Median
Range

Platelet count, X 10%/L
Median
Range

Median
Range

LDH, 1U/L
Median
Range
LDH > 2 X ULN

Hypercalcemia present

Ann Arbor stage
Il
H-IV

B symptoms present

383
424

457

279

77
730

47
53

5.2
0.16-37

206
8-885

621
127-13,813

57

35

10
20

0. of extra
Median
Range

Bone marrow involvement present

31

Spleen involvement present

17

Ascites present

63

8

NOTE. The soluble IL-2R level by pg/mL can be converted to U/mL using the

formula: value (pg/mL) X 0.113.

Abbreviations: BUN, blood urea nitrogen; CRP, C-reactive protein; ECOG PS,
Eastern Cooperative Oncology Group performance status; IL-2R, interleukin-2
receptor; LDH, lactate dehydrogenase; ULN, upper limit of normal.

www.jco.org

Table 2. Results of Variable Selection by the MFP Model in the
Training Sample (n = 404)

Variable HR 95% Cl P

ECOG PS
0-1
2-4

Abbreviations: ECOG PS; Eastern Cooperative Oncology Group performance
status; HR, hazard ratio; MFP, multivariable fractional polynomial; sIL-2R,
soluble interleukin-2 receptor.

had chemotherapy and 10 patients had undergone lesion-directed
treatment (Appendix Fig Al, online only). No patient received IFN/
AZT, which is considered a standard treatment for acute-type ATL in
the world,'®"* because this combination of agents has not been ap-
proved for ATL in Japan.

Development of the Pl

We randomly selected 404 patients (50% of the 807 patients) as a
training sample and developed a PI based on this set. First, in univar-
fate analysis with the two-degree univariable FP model, all variables
except sex showed Pvalues less than .05 (likelihood ratio test). We then
performed backward elimination using the MFP model. Variables
that remained independently significant included Ann Arbor stage (I
or I vIIl or IV), ECOG PS (0 to 1 v 2 to 4), and the three continuous
variables of age, serum albumin, and sIL-2R. The MFP model yielded
a significant nonlinear function for sIL-2R (log transformation),
whereas 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% Cls in
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 ATL-PI, was as
follows: ATL-PI = 0.65 (if stage = III or IV) + 0.35 (if ECOG
PS> 1) + 0.016 X age (years) — 0.36 X albumin (g/dL) + 0.37 X
log,, (sIL-2R [U/mL]).

The median of the ATL-PI in the training sample was 2.13 (range,
0.30t0 3.48), 10% of values wereless than 1.31, and 90% of values were
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
basis of the log-rank test (1 df) and was defined as the high-risk group
for 91 patients (23%, ATL-PI = 2.6). To define the low-risk group, the
value of 1.6 was chosen as the best discriminator using thelog-rank test
(2 df), and 76 patients were classified as low risk (19%, ATL-PI < 1.6).
The distribution of ATL-PI was similar in the validation sample (n =
403) with high-, intermediate-, and low-risk groups of 99 (25%), 232
(56%), and 72 (18%) patients, respectively, using the designated cutoff
points. The three risk groups according to the ATL-PI were effectively
prognostic in the validation sample, as shown in Figure 2 (P < .001;
X = 89.7, 2 df;, log-rank test). MSTs were 3.6 (95% CI, 2.4 t0 4.6), 7.3
(95% CI, 6.4 to 8.5), and 16.2 (95% CI, 14.5 to 24.7) months for
patients at high, intermediate, and low risk, respectively, and OS rates

© 2012 by American Society of Clinical Oncology 1637
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1.0 e L OW: ATL-Pl < 1.6
e ntermediate: 1.6 < ATL-Pl < 2.6
0.8 ~— High: ATL-PI > 2.6
=
=
g 0.6- (P <.0001; 2 = 89.7, 2 df: log-rank test)
(73
S 044
>
S
0.2
0 12 24 36 48 60
No. at risk Time From Diagnosis (months)
Low 72 a4 22 12 6 4
Intermediate 232 56 . 28 18 14 8
High 99 7 4 2 0 0

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

Variable HR 95% ClI P

Score

ECOG PS
0-1 1.00
2-4 1.51 1.20t0 1.90 .001 1

Fig 2. Overall survival curves for the validation sample (n = 403) according to
the adult T-cell leukemia/lymphoma prognostic index (ATL-PI): An ATL-PI score
was calculated as 0.65 (if stage = lll or IV) + 0.35 (if Eastern Cooperative
Oncology Group performance status > 1) + 0.016 X age (years) — 0.36 X
albumin (g/dL) + 0.37 X log,lsoluble interleukin-2 receptor (U/mL)].

at 2 years were 4% (95% CI, 1% to 10%), 17% (95% CI, 12% to 22%),
and 39% (95% CI, 27% to 51%), respectively.

Simplified ATL-PI

In the previous section, we described how a continuous PI was
established from a model in which all relevant covariates were kept
continuous. This PI 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 sIL-2R were 67
years, 3.6 g/dL, and 21,500 U/mL in the training sample, respectively.
Therefore, we set the clinically appropriate cutoff points at 70 years for
age, 3.5 g/dL for serum albumin, and 20,000 U/mL for sIL-2R and
subsequently fitted a multivariate Cox model based on these dichoto-
mizations in the training sample (Table 3). The estimated Cox regres-
sion coefficients were 0.77, 0.41, 0.37, 0.35, and 0.31 for the Ann Arbor
stage, ECOG PS, age, albumin, and sIL-2R, respectively. From the
weights of these variables, we defined a simplified ATL-PI as follows:
simplified ATL-PI = 2 (if stage = Il or IV) + 1 (f ECOG PS> 1) +
1 (if age > 70 years) + 1 (if albumin < 3.5 g/dL) + 1 (if sIL-2R >
20,000 U/mL).

On the basis of the best discriminations according to the log-rank
test in the training sample, scores from 0 to 2 were categorized into the
low-risk group, 3 and 4 into the intermediate-risk group, and from 5
to 6 into the high-risk group. The simplified ATL-PI was then applied
to the validation sample, which showed a distribution from 0 through
6(0,n=13;1,n=10;2,n=>54;3,n=112;4,n = 96; 5,n = 78; 6,
n = 40). Frequencies of the three risk groups were 118 patients (29%),
208 patients (52%), and 77 patients (19%), for high-, intermediate-,
and low-risk groups, respectively. This classification yielded a high
concordance with the original ATL-PI (weighted k, 0.82) in the vali-
dation sample and resulted in a good separation of OS curves
(P <.001; x* = 74.2, 2 df; log-rank test). Survival curves of the three

1638 © 2012 by American Society of Clinical Oncology

NOTE. The five variables are those selected by the multivariable fractional
polynomial model. In fitting the Cox model, age, serum albumin, and sIL-2R
were dichotomized. The last column shows an assigned score for each
variable in the calculation of the simplified adult T-cell leukemia/lymphoma
prognostic index.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; HR, hazard ratio; siL-2R, soluble interleukin-2 receptor.

groups according to the simplified ATL-PI are shown in Figure 3.
MSTs were 4.6 (95% CI, 2.6 to 5.4), 7.0 (95% CI, 6.3 to 8.6), and 16.2
(95% CI, 13.4 to 23.2) months, and the 2-year OS rates were 6% (95%
CI, 2% to 12%), 17% (95% CI, 12% to 23%), 37% (95% CI, 25% to
49%) for patients at high, intermediate, and low risk, respectively.
These results indicated that the simplified ATL-PI also had good
prognostic power in the validation sample.

1.0+ e | OW: SCOTE = 0, 1, 2
- ntermediate: score = 3, 4
0.8 -~ High: score =5, 6
©
=
> cw? = 3
5 06- (P<.0001; x? = 74.2, 2 df; tog-rank test)
w
S 04
>
o
0.2 4
%"“’NMM
T T ; T T
0 12 24 36 48 60
) Time From Diagnosis (months)
No. at risk
Low 77 45 22 11 6 3
Intermediate 208 52 26 18 14 9
High 118 10 6 2 0 0

Fig 3. Overall survival curves for the validation sample {n = 403) according
to the simplified adult T-cell leukemiaflymphoma prognostic index (ATL-PI):
The score for the simplified ATL-Pl was calculated as 2 (if stage = lll or IV) + 1
(if Eastern Cooperative Oncology Group performance status > 1) + 1 (if age
> 70 years) + 1 (if albumin < 3.5 g/dL) + 1 (if soluble interleukin-2 receptor >
20,000 U/mL).
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