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Abstract 
 
The prognosis of aggressive adult T-cell leukemia/lymphoma (ATL) is poor, and allogeneic hematopoietic stem cell 
transplantation (allo-HSCT) is a curative treatment. In order to identify favorable prognostic patients after intensive 
chemotherapy, and who therefore might not require upfront allo-HSCT, we aimed to improve risk stratification of 
aggressive ATL patients aged <70 years. The clinical risk factors and genetic mutations were incorporated into risk 
modeling for overall survival (OS). We generated the m7-ATLPI, a clinicogenetic risk model for OS, that included the ATL 
prognostic index (PI) (ATL-PI) risk category, and non-silent mutations in seven genes, namely TP53, IRF4, RHOA, PRKCB, 
CARD11, CCR7, and GATA3. In the training cohort of 99 patients, the m7-ATLPI identified a low-, intermediate-, and high-
risk group with 2-year OS of 100%, 43%, and 19%, respectively (hazard ratio [HR] =5.46; P<0.0001). The m7-ATLPI achieved 
superior risk stratification compared to the current ATL-PI (C-index 0.92 vs. 0.85, respectively). In the validation cohort of 
84 patients, the m7-ATLPI defined low-, intermediate-, and high-risk groups with a 2-year OS of 81%, 30%, and 0%, 
respectively (HR=2.33; P=0.0094), and the model again outperformed the ATL-PI (C-index 0.72 vs. 0.70, respectively). The 
simplified m7-ATLPI, which is easier to use in clinical practice, achieved superior risk stratification compared to the ATL-
PI, as did the original m7-ATLPI; the simplified version was calculated by summing the following: high-risk ATL-PI category 
(+10), low-risk ATL-PI category (−4), and non-silent mutations in TP53 (+4), IRF4 (+3), RHOA (+1), PRKCB (+1), CARD11 (+0.5), 
CCR7 (−2), and GATA3 (−3). 
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Introduction 
Adult T-cell leukemia/lymphoma (ATL) is an aggressive 
peripheral T-cell neoplasm characterized by the clonal 
proliferation of human T-cell leukemia virus type 1 (HTLV-
1)-infected T cells.1 ATL is classified into four subtypes, 
namely the acute, lymphoma, chronic, and smoldering 
types.2 Acute, lymphoma, and chronic types with one or 
more unfavorable prognostic factors (high lactate dehydro-
genase, high blood urea nitrogen, and low albumin) are de-
fined as aggressive ATL.3 The current frontline treatments 
for aggressive ATL vary by geographic location.4 In the US 
and Europe, antiviral therapy using zidovudine and inter-
feron α (IFN-α) is the standard treatment for leukemic-type 
ATL. In Europe, chemotherapy is the first-line therapy for 
lymphoma-type ATL. In Japan, the current standard ther-
apy for aggressive ATL is combination chemotherapy,5,6 and 
Katsuya et al. and we reported that the median overall sur-
vival (OS) was less than 1 year for aggressive ATL.6,7  
Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a curative treatment option for ATL, and 30–40% 
of patients who underwent allo-HSCT exhibited longer sur-
vival.8-10 Since 10–20% of aggressive ATL patients survived 
longer even after chemotherapy alone, a method of predict-
ing the optimal treatment for each patient is keenly antici-
pated.11  
Several ATL prognostic models have been reported. All are 
based on clinical and basic laboratory findings. The acute- 
and lymphoma-type ATL prognostic index (ATL-PI), which is 
the most widely used prognostic model, includes stage, 
Eastern Cooperative Oncology Group performance status 
(ECOG PS), age, albumin, and soluble interleukin-2 receptor 
(sIL-2R) level,12 while the Japan Clinical Oncology Group  
prognostic index (JCOG-PI) includes corrected calcium (cCa) 
level and ECOG PS.11 The modified ATL-PI, which includes 
acute type, poor PS, high sIL-2R level, high cCa level, and 
high C-reactive protein (CRP) level, has been proposed for 
patients aged ≤70 years who have aggressive ATL and who 
are candidates for allo-HSCT.13  
We previously reported the landscape of gene mutations in 
ATL.14-16 Among 50 significantly mutated genes in ATL, 13 of 
which were affected in more than 10% of patients, and 
many influenced T-cell receptor (TCR)–NF-κB signaling.14 In 
order to select aggressive ATL patients who achieve longer 
survival with intensive chemotherapy, we clarified the effect 
of gene mutations on their prognosis and developed a clini-
cogenetic prognostic model for aggressive ATL by integrating 
gene mutation status and clinical parameters.  

Methods 
Study design and participants 
We conducted an analysis of gene mutations and clinical risk 

factors in two independent cohorts of patients aged <70 
years with aggressive ATL who had ATL cells or tumor biopsy 
specimens before starting chemotherapy. Details regarding 
diagnostic criteria, methods for collecting tumor DNA and 
clinical data, and methods for targeted capture sequencing 
are described in the Online Supplementary Appendix and On-
line Supplementary Table S1. The training cohort was derived 
from patients in University of Miyazaki Hospital and Imamura 
General Hospital (Online Supplementary Figure S1). Aggres-
sive-type ATL samples were obtained from 43 patients aged 
<70 years who were diagnosed from 2014 to 2017 and who 
received standard chemotherapy. We previously reported the 
gene mutation status of 117 ATL patients who were diagnosed 
from 2003 to 2014 at these two institutions.17 Among them, 
83 had aggressive-type ATL. In order to establish the training 
cohort, we first excluded 26 patients aged ≥70 years old, five 
patients with serious comorbidities (solid cancer or liver cir-
rhosis), and 11 patients who did not undergo intensive 
chemotherapy. This cohort ultimately included 41 patients 
with aggressive-type ATL who were aged <70 years and who 
received standard chemotherapy. We obtained DNA samples 
of formalin-fixed, paraffin-embedded lymph nodes from 20 
patients in the training cohort who were diagnosed from 
2000 to 2015. The validation cohort comprised two groups: 
58 patients diagnosed from 1994 to 2017 at four institutions, 
whose mutational status was previously reported;17 and 52 
patients from six institutions who were diagnosed from 2006 
to 2017 and who underwent intensive chemotherapy. DNA 
samples were obtained from the second group (52 patients) 
for analysis in this study. This study was approved by the Re-
search Ethics Committee of the Faculty of Medicine, Univer-
sity of Miyazaki, and those of other participating institutes in 
accordance with the Helsinki Declaration. 

Statistical analysis 
The detailed statistical analysis methods are described in 
the Online Supplementary Appendix. Briefly, we used 
elastic-net regression with a Cox proportional hazards 
model for feature selection.18 This elastic-net model was 
trained only on the training set, and was then applied to the 
independent validation set to obtain predictions. When de-
veloping the clinicogenetic risk models, patients who re-
ceived mogamulizumab therapy or underwent allo-HSCT 
were censored on the day of mogamulizumab administra-
tion or allo-HSCT, respectively, to reduce the impact of 
these therapies on OS. A simplified PI, which is easier to 
use in clinical practice, was then developed based on the 
simplified β-coefficients of the original model. 

Results 
Patient characteristics 
In this study of patients aged <70 years with aggressive 
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ATL who received intensive chemotherapy, 99 patients 
were included in a training cohort to develop the clini-
cogenetic risk model, and 84 different patients were in-
cluded in the validation cohort (Online Supplementary 
Figure S1). The characteristics of the training and vali-
dation cohorts are listed in Table 1. 
In the training cohort, the median age was 61.0 years (in-
terquartile range [IQR], 55.0–65.5) and 55 patients (56%) 
were male. Thirty-four patients (34%) received the VCAP–
AMP–VECP regimen,5 and the remaining 65 patients (66%) 
received the CHOP-like regimen. Mogamulizumab was ad-
ministered to 28 patients (28%), and 41 (41%) underwent 
allo-HSCT. The 2-year OS in the training cohort was 44.5% 
(95% confidence interval (CI): 31.1–63.5) (Online Supple-
mentary Figure S2). According to the ATL-PI, 38, 50, and 11 
patients were categorized into low, intermediate-, and 
high-risk groups, respectively, and their 2-year OS was 
62%, 40%, and 21%, respectively.  
The median number of mutated genes in targeted se-
quencing in each patient was five (IQR, 4–7) (Online Sup-
plementary Figure S3; Online Supplementary Table S2). 
Thirteen genes had non-silent mutations in at least 15% 

of patients (Figure 1A; Online Supplementary Figure S4). 
Overall, 77 (78%) ATL patients harbored one or more non-
silent mutations in genes coding for NF-κB activation mol-
ecules downstream of the TCR, namely PLCG1, PRKCB, 
CARD11, IRF4, VAV1, STAT3, and NFKB1A. Furthermore, 54 
patients (55%) had non-silent mutations in one or both of 
CCR4 and CCR7. Additional mutations were observed in 
TP53, GATA3, RHOA, and FAS. The frequencies of all muta-
tion types (transitions, transversions, and insertions/dele-
tions) in the 13 genes are shown in the Online 
Supplementary Figure S5. A subset of mutations was clus-
tered at known hotspots (Online Supplementary Figure 
S6). Mutations in PRKCB and IRF4 were highly clustered in 
the catalytic domain and in the DNA binding domain, re-
spectively. In both CCR4 and CCR7, almost all mutations 
occurred in the cytoplasmic regions. 

The effect of gene mutations on clinical parameters and 
survival 
Components of the ATL-PI and other clinical parameters 
were associated with specific gene mutations in univari-
ate analysis; however, none of these associations were 

Variable Training cohort Validation cohort P
Patients

Assessable patients, N 
Age in years, median (IQR) 
Sex, female/male, N (%)

99 
61.0 (55.0-65.5) 
44/55 (44.4/55.6)

84 
59.5 (54.5-64.0) 
40/44 (47.6/52.4)

 
0.142 
0.779

Clinical risk factors, N (%) 

Subtype 
Acute type 
Lymphoma type 
Unfavorable chronic type

 
70 (70.7) 
24 (24.2) 
5 (5.1)

 
61 (72.6) 
20 (23.8) 

3 (3.6)

0.926 
 
 

ECOG PS, 0-1/2-4 82/17 (82.8/17.2) 47/37 (56.0/44.0) <0.001

Alb g/dL, ≥3.5/<3.5 54/45 (54.5/45.5) 55/29 (65.5/34.5) 0.177

cCa mg/dL, <11/≥11 83/16 (83.8/16.2) 64/20 (76.2/23.8) 0.267

CRP mg/dL, <2.5/≥2.5 79/20 (79.8/20.2) 56/28 (66.7/33.3) 0.065

sIL2R U/mL, <20,000/≥20,000 54/45 (54.5/45.5) 51/33 (60.7/39.3) 0.49

Stage, 1-2/3-4 2/97 (2.0/98.0) 4/80 (4.8/95.2) 0.415

ATL-PI 
Low risk 
Intermediate risk 
High risk

 
38 (38.4) 
50 (50.5) 
11 (11.1)

 
30 (35.7) 
42 (50.0) 
12 (14.3)

0.818 
 
 

Treatment, N (%)

First line CTx regimen, 
CHOP-like/VCAP-AMP-VECP)

65/34 (65.7/34.3) 34/50 (40.5/59.5) 0.001

Mogamulizumab treatment, no/yes 71/28 (71.7/28.3) 63/21 (75.0/25.0) 0.738

Stem cell transplantation, no/yes 58/41 (58.6/41.4) 58/26 (69.0/31.0) 0.167

Table 1. Patient and disease characteristics.

IQR: interquartile range; ECOG PS: Eastern Cooperative Oncology Group performance status; Alb: albumin; cCa: corrected calcium; CRP: C-
reactive protein; sIL-2R: soluble interleukin-2 receptor; ATL-PI: adult T-cell leukemia/lymphoma prognostic index, Ctx: chemotherapy; IQR: 
interquartile range; P: P value between the training and validation cohorts.
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Figure 1. The m7-ATLPI clinicogenetic risk model. (A) Mu-
tation frequencies of recurrent mutant genes in adult T-
cell leukemia/lymphoma (ATL) in training and validation 
cohorts. P values were determined by Fisher’s exact test 
without correction for multiple testing. Detailed mutation 
plots for both cohorts are shown in the Online Supple-
mentary Table S2 and the Online Supplementary Figure 
S6. (B) The m7-adult T-cell leukemia/lymphoma prog-
nostic index (ATLPI) is calculated as the sum of individual 
clinical and gene mutation predictor values weighted by 
their individual coefficients. (C) Kaplan-Meier overall sur-
vival (OS) curves for the training cohort by ATL-PI and by 
m7-ATLPI. (D) Kaplan-Meier OS curves for the validation 
cohort by ATL-PI and by m7-ATLPI. Numbers in paren-
theses show number of patients with events/number of 
patients per cohort. ATL-PI low/int/high: low-, intermedi-
ate-, or high-risk ATLPI; m7-ATLPI low/int/high: low-, in-
termediate-, or high-risk m7-ATLPI.

A

C

D

B
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statistically significant after correction for multiple testing 
(Online Supplementary Table S3). Among them, VAV1 mu-
tations were associated with albumin <3.5 mg/dL, cCa ≥11 
mg/dL, and CRP >2.5 mg/dL, and subsequently with high 
or intermediate risk on the ATL-PI after correction for 
multiple testing.  
Univariate analysis was performed to identify potentially 
significant correlations between shorter survival and mu-
tations in each gene (Online Supplementary Figure S7). In 
our previous report,17 PLCG1 mutations were associated 
with shorter survival in aggressive ATL patients, but they 
had no influence in the training cohort. TP53 mutations 
alone were not associated with inferior OS (HR=1.92; 
P=0.077), but did show an association after adjustment 
for the ATL-PI (HR=2.11; P=0.044).  
We next performed an exploratory correlation matrix analy-
sis to determine whether populations with statistically co-
occurring combinations of genetic mutations existed, and 
if so, whether these populations formed independent prog-
nostic groups (Online Supplementary Figure S8). We ident-
ified one positive weak correlation between CCR7 and 
NOTCH1 mutations, with a false discovery rate (FDR) q<0.05, 
and this combination of mutations was observed in seven 
(7%) of 99 patients. However, this combination did not in-
fluence survival (Online Supplementary Figure S9). 

Development of a clinicogenetic risk model for 
aggressive adult T-cell leukemia/lymphoma 
Using 13 recurrent gene mutations with a mutation fre-
quency of 15% or higher, along with the score of the clini-
cally based ATL-PI model, we generated a clinicogenetic 
risk model for OS using elastic-net penalized Cox regres-
sion. This clinicogenetic model, which we termed the m7-
ATLPI, was calculated as the sum of predictor values 
weighted by elastic-net coefficients, and included the 
high-risk ATL-PI category (βelastic net = +1.1), low-risk ATL-PI 
category (-0.36), and non-silent mutations in seven genes: 
TP53 (+0.41), IRF4 (+0.26), RHOA (+0.11), PRKCB (+0.079), 
CARD11 (+0.056), CCR7 (-0.20), and GATA3 (-0.25) (Figure 
1B; Online Supplementary Table S4). Coefficients of six 
other genes were effectively shrunken and set to zero. 
Cutoffs of -0.36 and 0.41 were adopted to define low-, in-
termediate-, and high-risk groups by the m7-ATLPI. In the 
training cohort of 99 patients, the m7-ATLPI identified a 
low-risk group (17 [17%]) with 2-year OS of 100% (95% CI: 
100–100), an intermediate-risk group (65 [66%]) with 2-
year OS of 43% (95% CI: 27–70%), and a high-risk group 
(17 [17%]) with 2-year OS of 19% (95% CI: 7–52%) (HR=5.46; 
95% CI: 2.73–10.9; P<0.0001) (Figure 1C).  

External validation 
The validation cohort consisted of 84 patients from ten in-
stitutions (Online Supplementary Figure S1). Compared with 
the training cohort, more patients in the validation cohort 

had a poor PS (17% vs. 44%, respectively; P<0.001) and re-
ceived the VCAP-AMP-VECP regimen as first-line chemo-
therapy (34% vs. 60%, respectively; P=0.001) (Table 1). The 
two cohorts were similar regarding the percentages of pa-
tients determined to be low-risk by the ATL-PI (38% vs. 
36%, respectively; P=0.82). The median number of gene 
mutations was five (IQR, 3–7), which did not differ from 
that of the training cohort (Online Supplementary Figure 
S3). The mutational landscape is summarized in the On-
line Supplementary Figure S4. The frequencies of gene 
mutations did not differ between the training and valida-
tion cohorts except for RHOA and POT1, which demon-
strated lower mutation frequencies in the validation 
cohort (Figure 1A). With the same cutoffs as those used 
in the training cohort, the m7-ATLPI applied to the vali-
dation cohort defined a low-risk group (13 [15%]) with 2-
year OS of 81% (95% CI: 60–100), an intermediate-risk 
group (57 [68%]) with 2-year OS of 30% (95% CI: 17–55), 
and a high-risk group (14 [17%]) with 2-year OS of 0% 
(95% CI: not available [na] - na) (HR=2.33; 95% CI: 1.23–
4.41; P=0.0094) (Figure 1D).  

Performance assessment of the m7-adult T-cell 
leukemia/lymphoma prognostic index 
In order to quantify which prognostic model, the ATL-PI 
or m7-ATLPI, better fit the actual outcomes, we calcu-
lated C-indices. The C-index for the m7-ATLPI was 0.92 
in the training cohort, which was better than that of 0.85 
for the ATL-PI (Table 2). A similar result was obtained in 
the validation cohort, with C-indices of 0.72 and 0.70 for 
the m7-ATLPI and ATL-PI, respectively. Receiver operating 
characteristic (ROC) performance metrics for the m7-
ATLPI and ATL-PI based on OS at different time points in 
both cohorts are outlined in Table 3. The sensitivity and 
negative predictive value (NPV) for 2-year OS were su-
perior for the m7-ATLPI relative to the ATLPI; that is, 
100% and 100% in the training cohort, and 94% and 86% 

Model C index (95% CI)

Training cohort ATL-PI 0.85 (0.78-0.92)

Training cohort m7-ATLPI 0.92 (0.86-0.98)

Training cohort simplified m7-ATLPI 0.92 (0.85-0.98)

Validation cohort ATL-PI 0.70 (0.56-0.84)

Validation cohort m7-ATLPI 0.72 (0.52-0.91)

Validation cohort simplified m7-ATLPI 0.72 (0.53-0.90)

Table 2. Improved concordance index with the m7-ATLPI and 
simplified m7-ATLPI.

C index is a generalization of the area under the receiver operating 
characteristic curve for survival data and quantifies prognostic dis-
crimination. ATL-PI: adult T-cell leukemia/lymphoma prognostic index; 
CI: confidence interval.
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in the validation cohort, respectively. This tendency was 
consistent with results of 1-year OS. These findings in-
dicate that the m7-ATLPI has a high probability of cor-
rectly identifying patients with a good prognosis. 

Reclassification of risk categories by the m7-adult T-
cell leukemia/lymphoma prognostic index 
In both cohorts, the improved performance by the m7-
ATLPI resulted mainly from reclassifying a subset of pa-
tients defined as low risk by the ATL-PI into the 
intermediate-risk m7-ATLPI category. This applied to 22 
(58%) of 38 patients in the training cohort and 17 (57%) of 
30 patients in the validation cohort, and their median sur-

vival time was 1.28 years (Figure 2A; Figure 3A). ATL cells 
from these patients harbored mutations in PRKCB, CARD11, 
IRF4, RHOA, or TP53 (Figure 2B, C). Patients defined as low 
risk by the ATL-PI and without TP53, IRF4, RHOA, PRKCB, 
or CARD11 mutations, or those with PRKCB or CARD11 mu-
tations in addition to mutations in a gene with favorable 
impact (CCR7 or GATA3), exhibited a favorable prognosis 
with a median survival time of 7.55 years. Similarly, a sub-
set of patients with intermediate ATL-PI scores was re-
classified into the high-risk m7-ATLPI category, and their 
median survival time was 0.46 years (6 [12%] of 50 pa-
tients in the training cohort and 2 [4.8%] of 42 patients in 
the validation cohort) (Figures 2A and 3A). One ATL-PI in-

Time 
point

Model
High/int-risk vs. low-risk 
overall survival (95% CI)

Sensitivity 
%

Specificity  
%

Positive predictive 
value %

Negative predictive 
value %

1-year

Training cohort 
ATL-PI

54 (40-73) vs. 87 (72-100) 87 48 46 88

Training cohort  
m7-ATLPI

60 (47-76) vs. 100 (100-100) 100 24 40 100

Training cohort  
simplified m7-ATLPI 

60 (47-76) vs. 100 (100-100) 100 24 40 100

Validation cohort 
ATL-PI 

48 (34-69) vs. 63 (43-93) 73 41 52 63

Validation cohort  
m7-ATLPI 

48 (35-67) vs. 81 (60-100) 92 27 52 81

Validation cohort  
simplified m7-ATLPI 

48 (35-67) vs. 81 (60-100) 92 27 52 81

1.5-year

Training cohort  
ATL-PI 

45 (30-67) vs. 71 (51-100) 77 50 56 72

Training cohort 
m7-ATLPI 

46 (33-66) vs. 100 (100-100) 100 25 52 100

Training cohort 
simplified m7-ATLPI

46 (33-66) vs. 100 (100-100) 100 25 52 100

Validation cohort  
ATL-PI 

36 (22-58) vs. 63 (43-93) 77 53 66 66

Validation cohort  
m7-ATLPI 

37 (24-58) vs. 81 (60-100) 94 40 65 84

Validation cohort 
simplified m7-ATLPI

37 (24-58) vs. 81 (60-100) 94 40 65 84

2-year

Training cohort 
ATL-PI 

34 (19-59) vs. 62 (41-96) 75 54 67 63

Training cohort 
m7-ATLPI

35 (22-56) vs. 100 (100-100) 100 31 64 100

Training cohort 
simplified m7-ATLPI

35 (21-56) vs. 100 (100-100) 100 31 64 100

Validation cohort 
 ATL-PI 

30 (16-55) vs. 55 (35-88) 74 64 76 61

Validation cohort  
m7-ATLPI 

28 (16-51) vs. 81 (60-100) 94 55 76 86

Validation cohort 
 simplified m7-ATLPI

28 (15-51) vs. 81 (60-100) 94 55 76 86

Sensitivity, specificity, positive predictive value, and negative predictive value for overall survival at different time points calculated by time-
dependent receiver operating characteristic analysis. These metrics were calculated based on a binalized index (high/intermediate-risk vs. 
low-risk). ATL-PI: adult T-cell leukemia/lymphoma prognostic index; CI: confidence interval.

Table 3. Improved sensitivity and negative predictive value of overall survival at different time points with the m7-ATLPI and 
simplified m7-ATLPI.
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termediate-risk patient was reclassified into the low-risk 
m7-ATLPI category. 
Accordingly, the m7-ATLPI could identify which low-risk 
ATL-PI patients had favorable versus poor OS (Figure 3A). 
In the entire cohort, 68 (37%) of 183 patients were classi-
fied as low-risk ATL-PI, and they were reclassified by the 
m7-ATLPI into low- (29 [43%] of 68) and intermediate-risk 
(39 [57%] of 68) groups with 2-year OS of 89% and 35%, 
respectively (P=0.0078). 
The m7-ATLPI could also segregate low-risk patients de-
fined by other ATL prognostic models based on clinical 
parameters (Figure 3B, C). Among 114 patients defined as 
moderate risk by the JCOG-PI, the 2-year OS of 30 (26%) 
patients who were reclassified as low risk by the m7-ATLPI 
was 90%, whereas the 2-year OS of 81 (71%) and three 
(2.6%) patients who were reclassified as intermediate and 
high risk by m7-ATLPI was 45% and 0%, respectively 
(P<0.0001). As for 45 patients categorized as low risk by 
the modified ATL-PI, the 2-year OS of 16 (36%) and 29 

(64%) patients who were reclassified into the low- and in-
termediate-risk groups by the m7-ATLPI was 83% and 
49%, respectively, although their survival curves did not 
differ significantly (P=0.18). 
The mutations in the seven genes included in the m7-
ATLPI also contributed to reclassification of patients cat-
egorized as intermediate risk by the modified ATL-PI 
(Figure 3C). Patients categorized as intermediate risk by 
the modified ATL-PI could be divided into low-, intermedi-
ate-, and high-risk groups by the m7-ATLPI, with 2-year 
OS of 100%, 37%, and 0%, respectively (P=0.0044). 

Copy number alteration 
We previously reported that a high number of copy number 
alterartions (CNA) was a characteristic of aggressive-type 
ATL.17 Among the seven genes that affect ATL prognosis, 
IRF4, TP53, CARD11, and GATA3 frequently have CNA. Like so-
matic mutations, CNA in these driver genes may influence 
ATL prognosis. In this study, data concerning CNA in IRF4, 

A B C

Figure 2. Reclassification of risk categories by m7-ATLPI. (A) Transitions in the distribution of risk categories following the 
change from the adult T-cell leukemia/lymphoma prognostic index (ATL-PI) to the m7-ATLPI, for both the training and validation 
cohorts. (B) m7-ATLPI scores for patients in the training and validation cohorts, along with clinical predictors (ATL-PI categories) 
and molecular predictors. Boxes indicate high- or low-risk ATL-PI categories, or mutations in the indicated genes, and the 
color codes indicate the coefficients of the individual m7-ATLPI predictors. The corresponding Kaplan-Meier overall survival 
(OS) curves for patients classified as low-risk by the ATL-PI and then reclassified by the m7-ATLPI are shown in Figure 3A. (C) 
Relative frequencies of molecular predictors by m7-ATLPI category in low-risk ATL-PI patients in the training and validation 
cohorts. 
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TP53, CARD11, and GATA3 were available from only 83 of the 
183 total samples; specifically, CNA of these genes were de-
tected in 15, 8, 9, and 16 samples, respectively (Online Sup-
plementary Figure S10A). The eight patients with CNA in 
TP53 exhibited worse prognosis than patients without these 
CNA, and their risk categories as defined by the m7-ATLPI 
were high and intermediate in three and five patients, re-
spectively (Online Supplementary Figure S10A, B). Six, one, 

and one of these patients harbored PRKCB, CARD11, and 
TP53 mutations, respectively. CNA in IRF4, CARD11, and 
GATA3 had no effect on OS. In addition, CNA in 9p24 (PD-
L1), which had an adverse effect on OS in our previous re-
port,17 had no effect in this cohort. 
Overall, 28, 17, 25, and 23 patients had mutations and/or 
CNA in IRF4, TP53, CARD11, and GATA3, respectively. Among 
these 83 patients, the risk category defined by the m7-ATLPI 

Figure 3. m7-ATLPI segregates patients with favorable prognosis from among low- or intermediate-risk patients defined by 
ATL prognostic models based on clinical parameters. (A) Kaplan-Meier overall survival (OS) curves stratified by the m7-adult 
T-cell leukemia/lymphoma prognostic index (m7-ATLPI) for patients in the entire cohort (training and validation cohorts) who 
were classified as low risk or intermediate risk by the ATL-PI. (B) Kaplan-Meier OS curves stratified by the m7-ATLPI for pa-
tients in the entire cohort who were classified as moderate risk by the Japan Clinical Oncology Group prognostic index. (C) 
Kaplan-Meier OS curves stratified by the m7-ATLPI for patients in the entire cohort who were classified as low risk or inter-
mediate risk by the modified ATL-PI. Numbers in parentheses show the number of patients with events/number of patients 
per cohort.

C
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changed for nine patients when CNA were considered as 
risk factors: from low to intermediate risk in one patient, 
from intermediate to low risk in three patients, and from 
intermediate to high risk in five patients. Nonetheless, ad-
ding CNA data to the m7-ATLPI did not enhance the risk-
stratification potential of the model compared with the use 
of mutation data alone (C-index: 0.88 vs. 0.88, respectively) 
(Online Supplementary Figure S10C). 

Progression-free survival prediction by m7-adult T-cell 
leukemia/lymphoma prognostic index 
The m7-ATLPI was developed to predict OS in patients with 
aggressive ATL who were treated with standard intensive 
chemotherapy. In clinical practice in Japan, allo-HSCT is 
performed shortly after the diagnosis of ATL in eligible pa-
tients.10 Sixty-seven patients in this study underwent allo-
HSCT at a median of 164 days (IQR, 121–220) after diagnosis. 

A

B

C

Figure 4. The m7-ATLPI provides better risk stratification of progression-free survival than the ATL-PI. (A) Kaplan-Meier pro-
gression-free survival (PFS) curves by the adult T-cell leukemia/lymphoma prognostic index (ATL-PI) and m7-ATLPI for the entire 
cohort (n=183). (B) Kaplan-Meier PFS curves by the ATL-PI and m7-ATLPI for patients without allogenic hematopoietic stem cell 
transplantation (allo-HSCT) in the entire cohort (n=116). (C) Kaplan-Meier PFS curves by the ATL-PI and m7-ATLPI for patients 
with neither allo-HSCT nor mogamulizumab therapy in the entire cohort (n=85).
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Low-risk patients defined by the m7-ATLPI were more likely 
to undergo allo-HSCT: 20 of 30 low-risk patients, 41 of 122 
intermediate-risk patients, and six of 31 high-risk patients. 
The disease status at transplantation in the 20 low-risk, 41 
intermediate-risk, and six high-risk patients was complete 
response (CR)/partial response (PR) in 13, 25, and six, re-
spectively, and stable disease (SD)/progressive disease (PD) 
in seven, 16, and zero, respectively. Eight of 44 patients who 
underwent allo-HSCT in CR/PR died of regimen-related 
toxicities rather than of ATL progression. In order to accu-
rately determine the clinical course of ATL treated with 
chemotherapy, we performed censoring at allo-HSCT. When 
patient survival was not censored by allo-HSCT or moga-
mulizumab therapy, the m7-ATLPI identified a low-risk 
group with 2-year OS of 57% (95% CI: 41–79), an intermedi-
ate-risk group with 2-year OS of 37% (95% CI: 28–47), and 
a high-risk group with 2-year OS 6.7% (95% CI: 1.8–26) (On-
line Supplementary Figure S11A). Analyses of patients who 
did not undergo allo-HSCT and those who were treated only 
with chemotherapy and not with mogamulizumab or allo-
HSCT also showed superior risk stratification compared to 
the current ATL-PI (C-index 0.78 vs. 0.73, and 0.80 vs. 0.75, 
respectively) (Online Supplementary Figure S11B, C). 
Progression-free survival (PFS) might be suitable as a 
means of evaluating the sensitivity to chemotherapy in 
ATL. In order to analyze this question, patients who 
underwent allo-HSCT or mogamulizumab therapy in 
CR/PR were censored at the time of allo-HSCT or the 
administration of mogamulizumab, respectively (Figure 
4A). In the low-risk group defined by the m7-ATLPI, the 
median PFS of 2.0 years was longer than that of 0.92 
years in the corresponding group defined by the ATL-PI, 
and the m7-ATLPI achieved superior risk stratification 
compared to the current ATL-PI (C-index: 0.67 vs. 0.63, 
respectively). These results suggest that the m7-ATLPI 
predicts sensitivity to chemotherapy. When the analysis 
was restricted to patients without allo-HSCT (n=116) or 
to patients with neither allo-HSCT nor mogamulizumab 
therapy (n=85), the m7-ATLPI exhibited superior risk 
stratification compared to the ATL-PI (C-index 0.70 vs. 
0.68, and 0.73 vs. 0.68, respectively) (Figure 4B, C). 

The effect of gene mutations on patients treated with 
mogamulizumab or allo-hematopoietic stem cell 
transplantation 
In addition to chemotherapy, widely used treatments for 
aggressive-type ATL include IFN-α, zidovudine, mogamul-
izumab, and brentuximab vedotin. Since no patients in 
our cohort received first-line therapy with any of these 
agents, it follows that m7-ATLPI could be applied only for 
patients who received conventional intensive chemother-
apy. Even though mogamulizumab was not administered 
as first-line therapy, 49 patients were treated with mo-
gamulizumab as second- or later-line therapy. Since 

three and eight patients received mogamulizumab ther-
apy in CR/PR status after first-line chemotherapy or allo-
HSCT, respectively, 38 patients received mogamulizumab 
therapy in chemotherapy-resistant status at any time 
during their clinical course. We tested whether determin-
ing the prognosis of the 38 patients treated with moga-
mulizumab in chemotherapy-resistant status was 
impacted by considering the mutations in the seven 
genes included in the m7-ATLPI (Online Supplementary 
Figure S12A). The m7-ATLPI could not determine which 
patients treated with mogamulizumab in chemotherapy-
resistant status had a favorable prognosis. 
Sakamoto et al. reported that patients with CCR4 muta-
tions who received mogamulizumab-based treatment 
and not allo-HSCT had a favorable prognosis.19 Of 49 pa-
tients who underwent mogamulizumab therapy, 27 had 
CCR4 mutations and 22 did not. Survival time after mo-
gamulizumab therapy was comparable regardless of CCR4 
mutation status: 0.53 and 0.31 years in patients with and 
without CCR4 mutations, respectively (P=0.85) (Online 
Supplementary Figure S13A). When the analysis was re-
stricted to patients who did not undergo allo-HSCT, the 
survival time after mogamulizumab therapy was com-
parable between patients with and without CCR4 muta-
tions (Online Supplementary Figure S13B). In our study, 
CCR4 mutations had little effect on the prognosis of pa-
tients treated with mogamulizumab. 
Among the entire cohort, 67 patients underwent allo-
HSCT. The survival curves of the three risk groups defined 
by the m7-ATLPI almost overlapped, indicating that the 
m7-ATLPI had no ability to predict the prognosis of ATL 
patients after allo-HSCT (Online Supplementary Figure 
S12B). 

Simplified m7-adult T-cell leukemia/lymphoma 
prognostic index 
We simplified the original m7-ATLPI to make the instru-
ment easier to use in clinical practice. We based this sim-
plified version on the sums of the weights of the 
following variables obtained from the ATL-PI risk category 
and the mutational statuses of seven genes: high-risk 
ATL-PI category (+10), low-risk ATL-PI category (−4), and 
non-silent mutations in TP53 (+4), IRF4 (+3), RHOA (+1), 
PRKCB (+1), CARD11 (+0.5), CCR7 (−2), and GATA3 (−3). 
Scores ≤−4, from −3.5 to 4.5, and ≥5 were used to define 
the low-, intermediate-, and high-risk categories, re-
spectively (Figure 5). In the training cohort, one patient 
classified as intermediate risk and one classified as high 
risk according to the m7-ATLPI were reclassified as low 
risk and intermediate risk according to the simplified m7-
ATLPI, respectively. The simplified m7-ATLPI was then ap-
plied to the validation cohort. The classification in the 
validation cohort showed high concordance with that in 
the original m7-ATLPI (weighted κ, 1.00), and no patients 
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were reclassified by the simplified m7-ATLPI. The C-index 
for the simplified m7-ATLPI was 0.92 and 0.72 in the 
training and validation cohort, respectively, which was 
same as that of 0.92 and 0.72 for the original m7-ATLPI 
(Table 2). The sensitivity and NPV for 2-year OS with the 
simplified m7-ATLPI were the same as those with the 
original m7-ATLPI; that is, 100% and 100% in the training 
cohort, and 94% and 86% in the validation cohort, re-
spectively (Table 3). This tendency was consistent with 
results of 1-year OS. 

Discussion 
By considering gene mutation status and clinical par-
ameters in patients with aggressive ATL who received in-
tensive chemotherapy, we established the m7-ATLPI 
prognostic model, which could select patients with 
longer survival from among low-risk ATL patients aged 
<70 years who received intensive chemotherapy. Indices 
that stratify favorable subsets and help avoid excessive 
treatment have been developed for malignant 
lymphoma.20 However, such indices have not been devel-
oped in ATL. The m7-ATLPI was based on the previously 
established ATL-PI, which considers clinical risk factors, 
and on the mutational status of seven genes, specifically 
TP53, IRF4, RHOA, PRKCB, CARD11, CCR7, and GATA3. This 
mutational information was used to identify patients with 
a favorable prognosis after intensive chemotherapy alone 
from among low-risk patients defined not only by the 
ATL-PI, but also by other ATL prognostic models such as 
the JCOG-PI.  
We previously reported that genetic abnormalities af-
fected clinical outcomes in ATL patients.17 In that report, 
the status of PRKCB mutation and 9p24 (PD-L1) amplifi-
cation, age ≥70 years, and the JCOG-PI high-risk category 
defined by poor PS or elevated cCa level were associated 
with poor survival by multivariate analysis. These adverse 
prognostic factors could divide aggressive ATL patients 
into different risk category groups; however, the 2-year 
OS of patients with none of these adverse factors was 
still below 30%. In follicular lymphoma, the Follicular 
Lymphoma International Prognostic Index (FLIPI), which 
is based on clinical and basic laboratory data, has been 
widely used in risk models.21 The m7-FLIPI is a clinico-
genetic risk model that includes the mutation status of 
seven genes in addition to FLIPI and PS, and it was found 
to be able to identify patients at highest risk of treatment 
failure.22 In our previous report,17 the chemotherapy 
regimens varied, the clinical information was insufficient, 
and patients aged ≥70 years comprised 30% of the co-
hort. In order to identify patients with a favorable prog-
nosis after standard intensive chemotherapy alone, and 
who therefore might not require upfront allo-HSCT, we 

focused on patients aged <70 years who were candidates 
for allo-HSCT, and collected detailed clinical data to gen-
erate a clinicogenetic prognostic model based on the 
ATL-PI.  
The m7-ATLPI includes the ATL-PI risk category as well as 
the presence or absence of non-silent mutations in TP53, 
IRF4, RHOA, PRKCB, CARD11, CCR7, and GATA3. Of these 
mutations, the first five were associated with a poor 
prognosis, while the last two were correlated with a fa-
vorable prognosis. Our previous report identified only 
PRKCB mutations as being associated with a poor prog-
nosis.17 Sakihama et al. also reported that PRKCB muta-
tions were associated with a poor prognosis in patients 
with aggressive ATL.23 Using the m7-ATLPI, more than half 
of patients classified as low risk by the ATL-PI were re-
classified as intermediate risk. This means that patients 
determined to be low risk based on clinical and basic lab-
oratory data were divided into two risk groups by also 
considering gene mutation information. Excluding pa-
tients who also had CCR7 or GATA3 mutations, those with 
mutations in one or more of TP53, IRF4, RHOA, PRKCB, and 
CARD11 had an inferior prognosis. They demonstrated a 
relatively poor clinical course with a mean survival time 
of 1.28 years, which was similar to that in the intermedi-
ate-risk group defined by the ATL-PI. Patients classified 
as low risk by the ATL-PI and who did not have mutations 
in TP53, IRF4, RHOA, PRKCB, or CARD11, or those with 
PRKCB or CARD11 mutations in addition to mutations in a 
gene with favorable impact (CCR7 or GATA3), exhibited a 
favorable prognosis with a mean survival time of 7.55 
years. These patients may not require upfront allo-HSCT, 
since only 30–40% of such patients who underwent allo-
HSCT achieved longer survival.8-10  
We previously reported that a high CNA count was a char-
acteristic of aggressive-type ATL.17 In that report, only 
9p24 (PD-L1) amplification had an adverse effect on OS 
in aggressive-type ATL. In the subset of our cohort in 
which CNA was examined, patients with CNA in TP53 ex-
hibited poor OS. However, adding CNA data to the m7-
ATLPI did not enhance the risk stratification potential of 
the model compared with inclusion of mutation data 
alone. This might be because all patients with CNA in 
TP53 also harbored one or more mutations in PRKCB, 
CARD11, or TP53, and these mutations had a negative im-
pact on OS. 
Even though the m7-ATLPI was developed to predict OS 
in patients with aggressive ATL who are treated with 
standard intensive chemotherapy, it is also useful to pre-
dict PFS. The median PFS in the low-risk group defined 
by the m7-ATLPI was 2.0 years, which was longer than the 
0.92 years in the corresponding group defined by the ATL-
PI, suggesting that the m7-ATLPI predicts sensitivity to 
chemotherapy. As noted above, IFN-α, zidovudine, moga-
mulizumab, and brentuximab vedotin are commonly used 
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to treat aggressive-type ATL. We were unable to analyze 
the effects of these drugs on OS and PFS in this study, 
because all patients were treated with only conventional 
chemotherapy as first-line therapy. This is a major limi-
tation of this study, and future research should develop 
prognostic models that integrate IFN-α, zidovudine, mo-
gamulizumab, or brentuximab vedotin treatment. 
In summary, the m7-ATLPI, which was established by in-
tegrating the mutational status of seven genes with the 
previously established ATL-PI, and its simplified version, 
namely the simplified m7-ATLPI, could divide ATL patients 
into three risk categories. Sixteen percent of ATL patients 
aged <70 years were categorized as low risk by the m7-
ATLPI, and exhibited a relatively favorable prognosis with 
a 2-year OS of more than 80% with standard intensive 
chemotherapy alone. The current standard of care for 
ATL, which is to perform upfront allo-HSCT, might be re-
considered in this group. On the other hand, patients 
classified by the m7-ATLPI as intermediate or high risk 
had shorter survival, and may benefit from alternative 
treatments such as allo-HSCT. 
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