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Abstract
Adult T‐cell leukemia/lymphoma (ATLL) is a mature T‐cell neoplasm, and is divided
into 2 indolent (smoldering and chronic) and 2 aggressive (acute and lymphoma)
clinical subtypes. Based on previous integrated molecular analyses suggesting the
importance of the JAK‐STAT pathway in ATLL, we attempted to clarify the clinicopathological significance of this pathway. Clinical and morphological findings were
reviewed in 116 cases with ATLL. The nuclear localizations of phosphorylated STAT3
(pSTAT3), pSTAT5, and pSTAT6 were analyzed by immunohistochemistry. Targeted
sequencing was undertaken on the portion of STAT3 encoding the Src homology 2
domain. Expression of pSTAT3 was observed in 43% (50/116) of ATLL cases, whereas
pSTAT5 and pSTAT6 were largely undetected. Cases with the lymphoma type showed
significantly less frequent pSTAT3 expression (8/45, 18%) than those with the other
subtypes (41/66, 62%; P < .001). STAT3 mutations were detected in 36% (10/28) and
19% (12/64) of cases with the smoldering and aggressive types of ATLL, respectively.
The correlation between STAT3 mutation and pSTAT3 expression was not significant
(P = .07). Both univariate and multivariate analysis revealed that pSTAT3 expression
was significantly associated with better overall survival and progression‐free survival
in the smoldering type of ATLL, whereas STAT3 mutation was not related to a line of
clinical outcome. Collectively, our data show that only the lymphoma type showed
a low prevalence of tumor cells positive for pSTAT3 expression, and raises the possibility that pSTAT3 expression is a novel biomarker to predict better prognosis in the
smoldering type of ATLL.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2019 The Authors Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.
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1 | I NTRO D U C TI O N

slowly progressive clinical course in ATLL.8 STAT3 mutations were
also identified in cases with indolent granular lymphocytic leukemia

Adult T‐cell leukemia/lymphoma (ATLL) is a malignant peripheral T‐

of both T cell and natural killer cell origin. 27 Zhang et al28 reported

1

cell neoplasm caused by human T‐cell leukemia virus type I (HTLV‐1).

the antitumor efficacy of JAK‐STAT pathway inhibition in both in

According to the Shimoyama classification, ATLL is classified into 4

vitro and in vivo models of the indolent type of ATLL. Although these

The

findings strongly suggest a pivotal role for the JAK‐STAT pathway,

acute, lymphoma, and chronic types, when accompanied by unfavor-

the relationship between the activation of this pathway and the di-

able prognostic factors (hypoalbuminemia, high serum blood urea

verse clinicopathological subtypes of ATLL, particularly the indolent

nitrogen, or high serum lactate dehydrogenase), are regarded as ag-

type, has not been previously examined.

disease subtypes: smoldering, chronic, lymphoma, and acute.

2,3

gressive forms of the disease, and generally have an adverse clinical

In this study, we determine the clinicopathological relevance of

course. In contrast, the indolent type of ATLL, which includes the

JAK‐STAT pathway activation in patients with ATLL, with a particular

smoldering type and the chronic type without unfavorable factors,

emphasis on the impact of STAT3 mutation or pSTAT3 expression on

usually presents with a slower clinical course and progresses to an ag-

the prognosis of the smoldering type.

4

gressive type of ATLL following additional genetic alterations.

5,6

The

prognosis of each clinical subtype varies, and is estimated by clinical
parameters of the ATLL prognostic index (ATL‐PI) or the indolent ATL‐
PI (iATL‐PI) for the aggressive or indolent type, respectively.4,7 Kataoka
et al8 recently reported that several genetic alterations, including IRF4

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Patients and samples

amplification, 9p24 (PD‐L1) amplification, or 9p21 (CDKN2A) deletion,

Archival formalin‐fixed/paraffin‐embedded (FFPE) samples from

were significantly associated with poor prognosis in patients with the

153 patients with ATLL who were diagnosed between 1986 and

indolent type of ATLL. However, there is no fully established prognos-

2017 were obtained from the Ryukyu University Hospital (Nishihara,

tic index that takes into account the molecular backgrounds of ATLL,

Japan) and the Okinawa Prefectural Nanbu Medical Center and

and the molecular mechanisms responsible for such clinical diversity in

Children's Medical Center (Haebaru, Japan). All samples were re-

ATLL are largely unknown.

viewed and diagnosed as ATLL based on the presence of anti‐HTLV‐1

The JAK‐STAT signaling pathway plays important roles in vari-

Ab and histological consistency. Patients were classified into the

ous critical cellular processes, including survival, proliferation, and

following 4 ATLL clinical subtypes based on the Shimoyama classi-

differentiation.9 Activation of this pathway is usually induced by the

fication: acute, lymphoma, chronic, and smoldering types.2 Briefly,

binding of cytokines, such as interleukin (IL)‐6, IL‐10, and IL‐15, to

among the aggressive types of ATLL, the acute type is characterized

common gamma receptors, followed by phosphorylation of the JAK

by multiorgan invasion, including peripheral blood, whereas the lym-

and STAT proteins. Phosphorylated STAT proteins (pSTATs) then di-

phoma type lacks leukemic involvement. The diagnosis of the acute

merize and migrate into the nucleus, and regulate the transcription

type is based on the exclusion of the other subtypes. The diagnosis of

of various target genes.10,11 Seven known mammalian STAT family

the lymphoma type requires histological confirmation of tumor cell

members have been identified, and their abnormal activation has

involvement in lymph nodes. Among the indolent types of ATLL, the

12

lung

chronic type shows more evident lymphocytosis than the smoldering

cancer,13 ovarian cancer,14 colon cancer,15 and prostate cancer.16 In

type. In this study, however, all 3 patients with chronic type of ATLL

malignant lymphoma, abnormal activation or genetic alterations of

were regarded as having the aggressive type due to the presence

STAT3, STAT5, and STAT6 have been reported.17-24 In particular, the

of unfavorable prognostic factors. Thus, all indolent‐type cases were

been reported in various malignant tumors such as melanoma,

constitutive activation of the JAK‐STAT pathway was identified in

classified as the smoldering type in this study. Cases with only cuta-

leukemic cells of ATLL patients, indicating its involvement in the

neous lesions, the so‐called “cutaneous type,” were included in the

acceleration of the cell cycle. 25 Furthermore, the recent develop-

smoldering type in accordance with previous reports. 29-31 We de-

ment of next‐generation sequencing technologies has expanded

fined disease progression as the shift from the smoldering type to the

our knowledge concerning genomic abnormalities in the molecular

acute or lymphoma type based on the Shimoyama classification cri-

pathogenesis of ATLL. Kataoka et al26 reported that STAT3 is one

teria. Patients were excluded from the study if tissue samples could

of the most frequently mutated genes in ATLL, affecting 21% of all

not be evaluated before cytotoxic chemotherapy. Thus, 116 of the

patients. They also found that STAT3 mutation was detected sig-

153 originally enrolled patients were analyzed. STAT3 mutation was

nificantly more frequently in the indolent type than the aggressive

analyzed in 92 samples from which good‐quality DNA was obtained.

type, suggesting that the pertinent mutation was associated with a

This study was approved by the institutional ethics committees of
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the Graduate School of Medicine and the School of Health Science
at the University of the Ryukyus and the Okinawa Prefectural Nanbu
Medical Center and Children's Medical Center. This study was carried out in accordance with the Declaration of Helsinki.

2.4 | Clinicopathological evaluation and
statistical analysis
Patients’ clinicopathological characteristics were analyzed using
Pearson's χ2 or Fisher's 2‐sided exact test. The Kaplan‐Meier method
was used to analyze patient survival data and the log‐rank test was

2.2 | Histological and
immunohistochemical evaluation

used to determine significant differences. To evaluate the prognostic impact of different variables, a Cox proportional hazards model

All FFPE samples were stained with H&E. Each case was subclassified

was used for multivariate analysis. Overall survival (OS) was defined

into 1 of 4 morphological types: anaplastic large cell, pleomorphic

as the period from the day of diagnosis to the day of last follow‐up or

large cell, pleomorphic medium cell, and small cell.32,33 When at least

to the day of death from any cause. Progression‐free survival (PFS)

2 samples were available from a given patient, the sample excised at

in patients with indolent (smoldering)‐type ATLL was defined as the

the earliest time point was used for the morphological classification.

period from the day of diagnosis to the day of progression to an ag-

The Abs used for this analysis included anti‐pSTAT3 (phosphorylated

gressive type of ATLL. Patients still alive were censored at the last

on tyrosine Tyr 705, clone D3A7, catalog number 9145; Cell Signaling

follow‐up date. All statistical analyses were undertaken using Stata

Technology Japan), anti‐pSTAT5 (phosphorylated on Tyr 694, clone

Software, release 13 (Stata Corporation). P < .05 was considered sta-

C11C5, catalog number 9359; Cell Signaling Technology Japan), and

tistically significant.

anti‐pSTAT6 (phosphorylated on Tyr 641, clone pY641.18, catalog
number sc‐101808; Santa Cruz Biotechnology). A 30% cut‐off was
chosen for pSTATs based on previous studies.34-37 Notably, some
cutaneous samples showed uneven staining with regard to the location of lymphoma cell infiltration. These samples were regarded as

3 | R E S U LT S
3.1 | Clinicopathological characteristics of patients

positive when pSTAT expression was observed in more than 30% of

Table 1 shows the proportion of each clinical subtype and summa-

the lymphoma cells in Pautrier's microabscesses, even if fewer than

rizes the clinical characteristics of the patients with the smoldering

30% of lymphoma cells in other sites detected pSTAT expression.

and aggressive (acute, lymphoma, and unfavorable chronic) types of
ATLL. The median age was 66 years (range, 30‐87 years) and the
median follow‐up period was 11.7 months (range, 0.06‐295 months).

2.3 | Mutation analysis

None of the patients with the aggressive type of ATLL had been

Targeted deep sequencing was undertaken on exons 20 and 21 of

previously diagnosed with the indolent type. All 3 patients with the

the STAT3 gene, corresponding to the Src homology 2 (SH2) domain

chronic type had unfavorable prognostic factors.38 The median sur-

26

Genetic analysis of other

vival period was 7.8 months (range, 0.23‐138 months) for the acute

genes associated with the JAK‐STAT pathway was not undertaken

type, 6.8 months (range, 0.1‐95.6 months) for the lymphoma type,

in this study because of their very low mutation frequency. 26 In our

18 months (range, 8.7‐76.5 months) for the chronic type with unfa-

analysis, DNA was extracted from FFPE samples with a QIAamp

vorable prognostic factors, and 26.7 months (range, 0.3‐295 months)

DNA FFPE Tissue Kit (catalog number 56404; Qiagen) and quanti-

for the smoldering type. Patients with the smoldering type of ATLL

tated using a Qubit dsDNA HS Assay Kit (catalog number Q32854;

showed significantly better OS than those with the aggressive type

Thermo Fisher Scientific). Overhang PCR was carried out with

(Figure S1, P < .001). Both prognostic indexes, ATL‐PI and iATL‐PI,

Trans Taq DNA Polymerase High Fidelity (catalog number AP131;

were significantly correlated with OS (data not shown).

of STAT3, which is a mutation hotspot.

TransGen Biotech) and primers harboring adapter sequences. Each

Notably, the samples analyzed in this study were obtained at the

primer sequence utilized in this study is listed in Table S1. Second‐

moment of diagnosis in all 73 patients with the aggressive type. By

step PCR was carried out using the Nextera XT Index Polymerase Kit

contrast, 42% (16/38) of the samples from patients with the smol-

(catalog number 15055294; Illumina) followed by purification of the

dering type of ATLL were obtained at a median time of 36 months

libraries with an AMPure XP Kit (catalog number A63881; Beckman

(range, 18‐296 months) after diagnosis. With regard to disease

Coulter). A MiSeq instrument was used for the sequencing reaction

progression, 55% (21/38) of patients originally diagnosed with the

(MiSeq Control Software 2.5; Illumina). All of these procedures were

smoldering type of ATLL progressed to the aggressive type, and

carried out according to Illumina's methods and recommendations

the median period from the primary diagnosis to progression was

(http://jp.suppor t.illumina.com).

11.1 months (range, 1.2‐263 months).

After sequencing, each FASTQ file was processed using the

The examined tumor sites were from the lymph nodes (47 sam-

Variant Studio software (Illumina). STAT3 variants were selected

ples), skin (45 samples), gastrointestinal tract (15 samples), bone

when they showed a variant allele frequency higher than 2% and

marrow (4 samples), soft tissue (2 samples), and other sites (3 sam-

more than 10 variant read‐outs in at least 20 total reads. Only muta-

ples). A majority of cases with the smoldering type (34/38) were

tions already reported in COSMIC (http://cancer.sanger.ac.uk/cos-

analyzed based on skin samples. Although the infiltration of tumor

mic) were considered to be significant STAT3 mutations.

cells in lymph nodes was histologically confirmed in all cases with

|
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TA B L E 1 Clinical characteristics of patients with smoldering or aggressive types of adult T‐cell leukemia/lymphoma (ATLL) in the cohort
analyzed in the present study
Aggressive type (acute type; N = 25, lym‐
phoma type; N = 45, chronic type; N = 3)

Smoldering type (N = 38)
N

Percentage

N

Percentage

Sex, male (female)

23 (15)

60 (40)

44 (29)

60 (40)

Age, median (range)

65.8 (30‐87)

—

67.0 (35‐87)

—

Follow‐up periods (mean, mo) (range)

46 (0.3‐295)

—

16.5 (0.06‐126)

—

Ann Arbor staging (3‐4)

6/38

16

57/67

85

ECOG performance status (2‐4)

1/35

3

34/64

53

B symptoms

0/36

0

15/73

20

Leukemic manifestation

6/38

16

28/73

38

Skin involvement

37/38

97

21/73

29

ATL‐PI or iATL‐PI (inter or more)

25/35

71

62/73

85

Hypoalbuminemia (<4 g/dL)

5/35

14

43/65

66

Hypercalcemia (>11 mg/dL)

0/15

0

10/71

14

Elevated LDH (>240 U/mL)

12/34

35

55/67

82

Elevated soluble IL‐2 receptor (>2.0 × 10 4 U/
mL)

2/35

6

29/65

45

Treatment
VCAP‐AMP‐VECP

5/38

13

14/73

19

CHOP/CHOP‐like

14/38

37

34/73

47

Others

19/38

50

22/73

30

HSCT

2/38

5

4/73

5

Mogamulizumab

8/38

21

15/73

21

Topical therapies

12/38

32

0/73

0

Observation, best supportive care

3/38

8

3/73

4

Notes: Among 116 of the total cases, clinical subtypes of 5 cases were not determined. B symptoms refer to systemic symptoms including fever which
come and go over several weeks, drenching night sweat, and unexplained weight loss at least 10% of body weight within the preceding 6 mo. Mild
chemotherapies include oral anticancer agents. Topical therapies include ointment therapy or UV irradiation.
Abbreviations: AMP, doxorubicin, ranimustine, and prednisone; ATL‐PI, ATLL prognostic index for aggressive type patients; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; HSCT, hematopoietic stem cell transplantation; iATL‐PI, ATLL prognostic index for patients with
indolent type; IL‐2, interleukin‐2; LDH, lactate dehydrogenase; VCAP, vindesine, cyclophosphamide, doxorubicin, and prednisone; VECP, vindesine,
etoposide, carboplatin, and prednisone.

the lymphoma type, 18% (8/45) of these cases were evaluated

pSTAT3 expression, 56% (14/25) of the acute type, 67% (2/3) of the

using samples obtained from organs other than lymph nodes be-

chronic type, 66% (25/38) of the smoldering type, and 18% (8/45)

cause FFPE samples of lymph nodes were not available (Figure S2).

of the lymphoma type cases were positive (Figure 1). These data

Morphologically, 84% (59/70) of patients with the aggressive type

indicated that pSTAT3 expression was significantly less common in

were classified as having the pleomorphic large cell type or anaplas-

cases with the lymphoma type than in those with the other types

tic large cell type, whereas cases with the smoldering type were

(Table 2, P < .001). Among the 42 cases with lymph node samples,

more frequently classified as having the pleomorphic medium cell or

37 and 5 were diagnosed with the lymphoma and acute types, re-

small cell type (P < .01, Tables S2 and S3).

spectively. Fourteen percent (5/37) of cases with the lymphoma
type showed pSTAT3 expression, whereas 60% (3/5) with the acute

3.2 | Phosphorylated STAT immunohistochemistry
in ATLL lymphoma cells and its relationship with
clinicopathological findings

type showed pSTAT3 expression (P = .04). Therefore, the lower frequency of pSTAT3 expression observed in cases with the lymphoma
type did not seem to be related to topographic location in the lymph
nodes, but rather to the clinical ATLL subtype. Furthermore, the

Nuclear pSTAT3 expression was observed in 43% (50/116) of the an-

pleomorphic medium cell morphology was associated with more

alyzed ATLL cases, whereas pSTAT5 and pSTAT6 were only observed

frequent pSTAT3 expression than the other morphologies (Table S4,

in 3% (3/116) and 0% (0/116) of cases, respectively. Regarding

P = .02). This result might be explained by the fact that patients with
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F I G U R E 1 Phosphorylated STAT3 (pSTAT3) expression in adult T‐cell leukemia/lymphoma (ATLL). Left panel, acute type sample obtained
from a lymph node lesion in a 72‐y‐old man. Almost all of the tumor cells showed nuclear expression of pSTAT3. Middle panel, in contrast,
the lymphoma type sample obtained from a lymph node lesion in a 66‐y‐old man showed very few pSTAT3‐positive cells. Right panel,
smoldering type sample obtained from a skin lesion in a 56‐y‐old woman. Infiltrating ATLL cells in the dermis (left side) were positive for
pSTAT3 as well as normal epithelial cells (right side). Original magnifications of all images, ×400
TA B L E 2

Rate of phosphorylated STAT3 (pSTAT3)‐positive cases in each clinical subtype of adult T‐cell leukemia/lymphoma
pSTAT3 (+),
N = 50

Acute type
Lymphoma type
Chronic type
Smoldering type
Unknown
Total

pSTAT3 (−),
N = 66

Percentage

14

11

56

8

37

18

P value
< .001

a

STAT3 mut, N = 22

STAT3 wt, N = 70

Percentage

P value

5

15

25

0.30a

7

30

19

2

1

67

0

2

33

25

13

66

10

18

36

1

4

25

0

5

0

50

66

22

70

N = 116

N = 92

Abbreviation: mut, mutant.
Lymphoma type was compared with all other types (χ2 test).

a

the smoldering and acute types were likely to have the pleomorphic
medium cell type. Interestingly, in 27 of the 28 cases with cutaneous samples, lymphoma cells located in Pautrier's microabscesses
showed equal (16 cases) or more frequent (11 cases) pSTAT3 expression relative to tumor cells in other sites, including the dermis and
s.c. tissue in skin samples (Figure 2).
Next, we analyzed the effects of disease progression on pSTAT3
expression. Fifty‐five percent (21/38) of patients with the smoldering type of ATLL showed disease progression. In this group, pSTAT3
nuclear expression was observed in 43% (6/14) and 64% (9/14) of
patients whose samples were obtained before and after progression, respectively. Among the 7 cases whose samples were obtained
both before and after progression, the level of pSTAT3 expression
changed from negative to positive in 2 cases, from positive to negative in 1 case, and was unchanged in 4 cases. Notably, 83% (5/6)
of the cases who progressed to the lymphoma type showed significantly more frequent pSTAT3 expression than the cases with the
lymphoma type who had not been previously diagnosed with the
indolent type of ATLL (18%, 8/45; P < .01).
Table 3 shows the association between patients’ clinical features
and pSTAT3 expression. The pSTAT3‐positive group had better performance status (PS) than the pSTAT3‐negative group. Regarding
prognosis, the pSTAT3‐positive group had significantly better OS

F I G U R E 2 Representative image of phosphorylated STAT3
(pSTAT3)‐positive lymphoma cells in Pautrier's microabscess. The
sample was obtained from a skin lesion in a 51‐y‐old man with
smoldering type adult T‐cell leukemia/lymphoma (ATLL). The
aggregated lymphoma cells in a Pautrier's microabscess (arrow)
showed stronger pSTAT3 expression compared with those in the
dermis (arrowhead) (original magnification, ×200). This finding
indicates that extracellular stimuli such as cytokines might
influence pSTAT3 expression in ATLL cells located in Pautrier's
microabscess

than the pSTAT3‐negative group (Figure 3A). This is likely due to the
fact that more than half of the patients with the smoldering type

and smoldering types. In this analysis, pSTAT3‐positive patients

were in the pSTAT3‐positive group. Therefore, we also evaluated the

with the smoldering type showed significantly better OS and PFS

prognostic impact of pSTAT3 expression separately in the aggressive

than pSTAT3‐negative patients, whereas this association was not

|

MORICHIKA et al.

TA B L E 3 Clinical characteristics of
adult T‐cell leukemia/lymphoma cases
with regard to phosphorylated STAT3
(pSTAT3) expression

pSTAT3 (+)

pSTAT3 (−)

N, Patients (male : female)

49 (31:18)

62 (35:27)

Age (range)

66 (30‐87)

71 (35‐87)

3

White blood cell (/mm ) (range)

3

7.8 × 10
(3.5‐123 × 103)

3

7.7 × 10
(2.7‐80 × 103)

2987

P value

.51
.77

Hemoglobin (g/dL) (range)

13.9 (4.3‐14.4)

13.3 (7.7‐16.9)

.67

Platelet (/mm3) (range)

22.4 × 10 4
(8.1‐37.4 × 10 4)

21.3 × 10 4
(8.4‐62.2 × 10 4)

.44

Ann Arbor staging (3‐4), N (%)

25/49 (50%)

36/55 (65%)

.14

ECOG performance status (2‐4), N (%)

9/45 (20%)

25/53 (47%)

<.01

B symptoms, N (%)

5/49 (10%)

10/60 (17%)

.33

Albumin (g/dL) (range)

4.1 (1.7‐4.8)

3.8 (2.2‐4.9)

.57

Elevated serum LDH (>240 U/mL), N (%)

26/44 (59%)

40/56 (71%)

.20

Hypercalcemia (>11 mg/dL), N (%)

5/38 (13%)

5/47 (11%)

.72

Elevated serum IL‐2 receptor
(>2.0 × 10 4 U/dL), N (%)

12/42 (29%)

19/58 (33%)

.66

Notes: B symptoms refer to systemic symptoms of fever which come and go over several weeks,
drenching night sweat, and unexplained weight loss at least 10% of body weight within the preceding 6 mo.
Abbreviations: IL‐2, interleukin‐2; LDH, lactate dehydrogenase.

F I G U R E 3 Impact of phosphorylated STAT3 (pSTAT3) expression on survival in adult T‐cell leukemia/lymphoma (ATLL). A, Overall
survival (OS) according to pSTAT3 expression (patients with positive pSTAT3 expression, N = 49; patients with negative pSTAT3 expression,
N = 62) in all analyzed cases. B, Overall survival (OS) according to pSTAT3 expression in cases with aggressive type ATLL (patients with
positive pSTAT3 expression, N = 24; patients with negative pSTAT3 expression, N = 49). C,D, OS and progression‐free survival (PFS)
according to pSTAT3 expression in cases with smoldering type ATLL (patients with positive pSTAT3 expression, N = 25; patients with
negative pSTAT3 expression, N = 13)

2988
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observed in patients with the aggressive type (Figures 3B‐D and S3).

the frequency of STAT3 mutations between the lymphoma type

Univariable analysis showed that positive pSTAT3 expression, age

and other ATLL types (P = .30). Fifty‐five percent (12/22) of cases

greater than 70 years, and iATL‐PI had a trend to impact progno-

with STAT3 mutations were positive for pSTAT3, compared to 33%

sis. In multivariable analysis, age greater than 70 years and positive

(23/70) of those with WT STAT3; however, this difference did not

pSTAT3 expression was associated with poor and favorable prog-

reach statistical significance (P = .07). Furthermore, only 29% (2/7)

nostic significance, respectively, for both OS and PFS in the patients

of the lymphoma type cases with mutated STAT3 showed pSTAT3

with the smoldering type (Table 4).

expression, a lower percentage than in all the other ATLL types
combined (10/15, 67%). There was no significant correlation between STAT3 mutation and prognosis in either the aggressive or

3.3 | STAT3 mutation and its relationship with
clinicopathological findings

smoldering type of ATLL, in contrast to the results of pSTAT3 immunohistochemistry (Figure S4). Additionally, no significant dif-

Based on our immunohistochemical staining results, STAT3 seems

ferences were observed in STAT3 mutation according to PS, age,

to play a critical role in the activation of the JAK‐STAT pathway

serum albumin, serum soluble IL‐2 receptor, or Ann Arbor stage,

in ATLL. In diffuse large B‐cell lymphoma, the Toll‐like receptor

all of which are clinical factors included in ATL‐PI or iATL‐PI (data

pathway, suppressor of cytokine signaling 1 (SOCS1) mutations,

not shown).

and Epstein‐Barr virus infection are representative molecular abnormalities related to STAT3 activation. 39-41 STAT3 mutations and
JAK3 mutations are the most common genomic abnormalities as-
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sociated with STAT3 activation in ATLL. 26 The Toll‐like receptor
pathway, SOCS1 mutations, and Epstein‐Barr virus infection were

The major findings in this study were that pSTAT3 positivity was

found to be very rare in ATLL. 26 Additionally, the frequency of

substantially lower in patients with the lymphoma type than in those

JAK3 mutations (2.1%) was much lower than that of STAT3 mu-

with other clinical subtypes of ATLL, and that pSTAT3 positivity

tations (21%). 26 Therefore, we focused on genetic mutations of

could predict favorable prognosis in patients with the smoldering

STAT3. STAT3 mutations in the SH2 domain were detected in 24%

type of ATLL.

(22/92) of all analyzed ATLL cases. Thirty‐six percent (10/28) of

In our data, 40% of ATLL cases showed nuclear expression of

cases with the smoldering type and 19% (12/64) of those with the

pSTAT3, whereas pSTAT5 or pSTAT6 expression was rarely ob-

aggressive type had STAT3 mutations. In contrast with our immu-

served, suggesting that activation of STAT3 is the primary effector

nohistochemistry results, there was no significant difference in

in the JAK‐STAT pathway in ATLL. It has been reported that STAT3,

Survival

Covariate

HR

95% CI

P value

Univariable analysis for each covariate in patients with smoldering type
OS

pSTAT3 (pos. vs neg.)

0.39

0.15‐0.99

.041

OS

Age ≥70 years

5.44

1.94‐15.30

.001

OS

iATL‐PI: high risk (5.79 ≥ 1.51 × log10
(sIL‐2R [U/mL])

4.07

1.12‐14.80

.033

PFS

pSTAT3 (pos. vs neg.)

0.34

0.13‐0.89

.027

PFS

Age ≥70 years

4.12

0.15‐11.70

.008

PFS

iATL‐PI: high risk
(5.79 ≥ 1.51 × log10 (sIL2R[U/mL])

3.13

0.86‐11.50

.085

Multivariable analysis for pSTAT3, age, and iATL‐PI as covariates in patients with smoldering
type
OS

pSTAT3 (pos. vs neg.)

0.41

0.13‐0.98

.046

OS

Age ≥70 years

2.73

1.50‐13.50

.007

OS

iATL‐PI: high risk (5.79 ≥ 1.51 × log10
(sIL‐2R [U/mL])

1.37

0.77‐10.70

.170

PFS

pSTAT3 (pos. vs neg.)

0.29

0.099‐0.84

.023

PFS

Age ≥70 years

3.07

1.22‐10.90

.020

PFS

iATL‐PI: high risk (5.79 ≥ 1.51 × log10
(sIL‐2R [U/mL])

3.65

0.77‐12.30

.110

Abbreviations: CI, confidence interval; HR, hazard ratio; iATL‐PI, indolent ATLL prognostic index;
neg., negative; OS, overall survival; PFS, progression‐free survival; pos., positive; pSTAT3, phosphorylated STAT3; sIL‐2, serum interleukin‐2.

TA B L E 4 Multivariable and univariable
analyses of covariates in patients with
adult T‐cell leukemia/lymphoma (ATLL) by
Cox proportional hazards model
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STAT5, and STAT6 are the predominant effectors of the JAK‐STAT
42

25

2989

83%) was significantly higher than that in cases with the lymphoma

used

type who had not been previously diagnosed with the indolent type

EMSA to show that the JAK‐STAT pathway was frequently activated

(referred to as “de novo” lymphoma, 8/45 cases). During disease pro-

in leukemia cells in ATLL. The activation of STAT3 has been identi-

gression, patients seemed to retain the pathological characteristics

fied in 40% and 50% of cases with diffuse large B‐cell lymphoma and

of the indolent stage even though the clinical manifestations of the

pathway in malignant lymphoma.

In fact, Takemoto et al

17,18

In con-

disease were similar to those of patients with the de novo lymphoma

trast, STAT5 and STAT6 are frequently activated in cutaneous T‐cell

type. We speculate that STAT3 activation is one of the key factors

lymphoma (CTCL) and primary mediastinal large B‐cell lymphoma,

in the multistep progression from the indolent type to the lym-

respectively.19,20 The dysregulation status of various STATs and their

phoma‐like type, whereas the de novo lymphoma type may depend

extranodal natural killer/T‐cell lymphoma, respectively.

close association with different diseases suggest a distinct mecha-

on pSTAT3‐independent pathways (Figure 4). The underlying mecha-

nism of the JAK‐STAT pathway activation in each type of lymphoma,

nisms of the pSTAT3‐dependent and ‐independent pathways involved

including ATLL.

in the molecular pathophysiology of ATLL await further investigation.

Few studies have analyzed the clinicopathological features of pa-

In addition to pSTAT3 expression, we explored the role of STAT3

43

mutations in each ATLL subtype. Hotspot mutations located in the

showed that patients with the aggressive type showed a higher ex-

SH2 domain of STAT3 were detected in 24% of the analyzed ATLL

pression of MYC and a lower expression of F‐box/WD repeat‐contain-

cases. Patients with the smoldering type showed STAT3 mutations

ing protein 7 (FBXW7) than patients with the indolent type. In this

more frequently than patients with the aggressive type. These re-

study, pSTAT3 expression differed between the acute and lymphoma

sults are consistent with those of a previous study.8 In our data,

types. Although these types are distinguished based on their differ-

pSTAT3 expression showed an association with the occurrence of

ent clinical symptoms, both have similar morphological features and

STAT3 mutations (P = .07). In our results, approximately two‐thirds

prognosis.5 Our previous report described the biological differences

of patients with pSTAT3 expression showed no STAT3 mutations.

between the acute and lymphoma types based on the results of a

Although the precise mechanism of STAT3 activation in such cases

comprehensive genomic analysis.44 Several clinical trials have revealed

remains unknown, extracellular stimuli in the tumor microenviron-

that the response rate to interferon‐α/zidovudine or anti‐CC chemok-

ment might be involved. In this study, higher pSTAT3 expression

ine receptor 4 (CCR4) Ab was significantly higher in patients with the

levels in lymphoma cells in the skin were associated with specific

acute, chronic, or smoldering type than in those with the lymphoma

locations, particularly Pautrier's microabscesses (Figure 2). In this

type.45,46 These results indicate that the lymphoma type might repre-

site, Langerhans cells were reported to typically activate lymphoma

sent a distinct molecular pathophysiology. Ramos et al47 indicated that

cells through T‐cell receptor signaling in CTCL.48 Furthermore, thy-

c‐Rel and interferon regulatory factor‐4 (IRF4) might play an important

mic stromal lymphoproteins derived from keratinocytes around

role behind the different responses of the acute and lymphoma types

Pautrier's microabscesses exaggerated tumor cell growth through

to combination therapy. The distinct molecular pathophysiology of the

the activation of the JAK‐STAT pathway in CTCL.49 The importance

tients in relation to the subtype of ATLL. In one report, Mihashi et al

lymphoma type, including pSTAT3 expression that was revealed in this

of such extracellular stimuli for JAK‐STAT pathway activation was

study, might also alter responsiveness to a variety of drugs, as shown

also found in ALK‐negative anaplastic large cell lymphoma.50 Further

with interferon‐α/zidovudine or anti‐CCR4 Ab.45,46

research, such as a comparative analysis of gene expression between

In this study, we also observed that 29% (6/21) of cases with dis-

cases with and without STAT3 mutation, is required to elucidate the

ease progression showed clinical features corresponding to the lym-

mechanism of pSTAT3 expression. We also showed that pSTAT3 ex-

phoma type. In fact, the positive rate of pSTAT3 in these cases (5/6,

pression was significantly associated with better PS and favorable

F I G U R E 4 Schematic representation of the 2 different oncogenic pathways involved in the lymphoma type of adult T‐cell leukemia/
lymphoma (ATLL). Nuclear phosphorylated STAT3 (pSTAT3) expression is the distinguishing characteristic between the progressed
lymphoma type (expresses pSTAT3, similar to acute and smoldering types) and de novo lymphoma type (does not express pSTAT3),
suggesting the existence of at least 2 oncogenic molecular mechanisms. HTLV‐1, human T‐cell leukemia virus type I
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prognosis in the smoldering type of ATLL, whereas STAT3 mutation
was not. This result suggests that pSTAT3 expression reflects the
underlying molecular pathogenesis more directly than STAT3 mutation, at least in the smoldering type of ATLL. Multidisciplinary ap-
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proaches, including pathological assessment, remain critical, even
though precision medicine mainly based on comprehensive genomic
analysis is rapidly being applied to clinical practice.
There are several limitations to this study. First, the molecular mechanisms underlying the difference in expression levels of
pSTAT3 between the lymphoma type and other subtypes were not
clarified. According to a previous study, the lymphoma type of ATLL
showed no genomic abnormalities or dysregulated gene expression
that might have inhibited STAT3. 24 Ideally, experiments using cell
lines derived from each subtype should be undertaken to address
this issue. However, almost all established ATLL cell lines are derived
from the acute type. Another limitation of this study is that it evaluated only FFPE tissue samples, and not peripheral blood samples.
Although further studies, including those analyzing samples obtained from peripheral blood, are required to reinforce our results,
this study could highlight a pivotal role for STAT3 activation in distinct subtypes of ATLL.
In conclusion, in this study we reported in detail the clinicopathological significance of the JAK‐STAT pathway in ATLL. Our
data showed that pSTAT3 was mainly involved in the pathogenesis
of the smoldering, chronic, and acute types of ATLL. Our results
also showed that pSTAT3 expression, and not STAT3 mutation, predicted favorable clinical outcome exclusively in the smoldering type.
Collectively, this study sheds light on the molecular pathogenesis of
ATLL, thereby highlighting pSTAT3 as a potentially novel biomarker
for the prognosis of the smoldering type of ATLL.
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