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Abstract

Accurate risk assessment to determine the eligibility for allogeneic hematopoietic stem cell transplantation (allo-HCT) in patients
with adult T cell leukemia (ATL) is necessary to improve survival outcomes. The controlling nutritional status (CONUT) score
predicts prognosis in several tumors; however, the prognostic significance of the CONUT score in ATL remains unclear. The
present study investigated the correlation between the CONUT score and the survival outcomes of transplant-eligible ATL
patients. Mogamulizumab, a humanized monoclonal antibody against C-C chemokine receptor 4, was recently identified as a
promising salvage chemotherapy agent for transplant-ineligible ATL patients. We therefore evaluated the efficacy of
mogamulizumab in transplant-ineligible ATL patients. Patients diagnosed with aggressive ATL (acute lymphoma of unfavorable
chronic type) between January 2008 and March 2017 at Saga University Hospital, Japan, were retrospectively enrolled. Of 54
patients, 25 were <70 years of age and 14 received allo-HCT. The median overall survival (OS) and non-relapse mortality
(NRM) rate at 1 year among patients receiving allo-HCT were 1685.5 days and 30% in those with a CONUT score 0-3 (n = 10)
and 184.5 days and 100% in those with a score >4 (n =4) (p =0.017, OS; p =0.064, NRM). Older patients who received
mogamulizumab had a significantly longer OS (n = 12, median 432 days) than those who did not receive mogamulizumab (n =

17, median 199 days) (p = 0.018). The CONUT score was identified as a prognostic tool for transplant-eligible ATL patients, and
mogamulizumab improved OS in transplant-ineligible ATL patients.
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Introduction outcomes despite intensive chemotherapy [2]. Although allo-

geneic hematopoietic stem cell transplantation (allo-HCT) is a

Adult T cell leukemia/lymphoma (ATL) is a mature T cell
neoplasm caused by human T cell lymphotropic virus type I
(HTLV-I) [1]. Patients with ATL have extremely poor survival
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curative treatment for patients with ATL [3, 4], the overall
survival (OS) rate remains at 30-40% [3, 4] with a high rate
of non-relapse mortality (NRM) [3, 4]. An accurate prediction
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of'the risk of NRM in patients receiving allo-HCT is necessary
to decrease the rate of NRM; furthermore, risk assessment
methods to determine transplant eligibility in ATL patients
remain to be defined [5-8].

Poor nutritional status is correlated with the response to che-
motherapy and the severity of chemotherapy-related toxicity
[9], and anorexia and cachexia are poor prognostic markers in
several cancers [10]. Despite its prognostic value, nutritional
status is not routinely evaluated in most oncology treatment
settings. The controlling nutritional status (CONUT) score,
which is calculated from the serum albumin concentration, total
peripheral lymphocyte count, and total cholesterol (TC), is a
screening tool for the early detection of poor nutritional status
[11] and is correlated with prognosis in many cancers [12—14].
We hypothesized that the CONUT score could be used to de-
termine transplant eligibility in ATL patients.

Mogamulizumab, a defucosylated humanized monoclonal
antibody against C-C chemokine receptor 4 (CCR4), is a
promising salvage chemotherapy agent for patients with
relapsed/refractory ATL [15]; however, the impact of the ad-
dition of mogamulizumab to conventional chemotherapy on
survival has not been fully determined [16, 17]. Depletion of
effector regulatory T cells (eTregs) [18] by mogamulizumab
can increase the incidence of graft-versus-host disease
(GVHD) and NRM in ATL recipients [19]; therefore,
pretransplant administration of mogamulizumab is not recom-
mended in transplant-eligible patients, although
mogamulizumab may be suitable for transplant-ineligible pa-
tients. We hypothesized that mogamulizumab may improve
the survival of transplant-ineligible patients.

The present study evaluated the correlation between the
CONUT score and the prognosis of patients with ATL and
examined the efficacy of mogamulizumab.

Material and methods
Patients

Patients diagnosed with aggressive ATL (acute, lymphoma,
unfavorable chronic type, n=54) [20] between January
2008 and March 2017 at Saga University Hospital, Japan,
were retrospectively enrolled. Patients who received only pal-
liative care, those lost to follow-up, and those enrolled in other
clinical trials were excluded. The final follow-up date was
November 2017. All clinical data were reviewed by two ex-
pert hematologists. This retrospective study was approved by
the institutional review board of Saga University. All proce-
dures performed in studies involving human participants were
in accordance with the ethical standards of institutional and/or
national research committees and with the Declaration of
Helsinki. Informed consent was waived due to the retrospec-
tive design of the data collection.
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The CONUT score

The CONUT score is calculated from the serum albumin con-
centration, total peripheral lymphocyte count, and TC concen-
tration and is used as a screening tool for the early detection of
poor nutritional status. Patients are divided into four catego-
ries according to the degree of undernutrition as follows: nor-
mal (0—1), mild (2-4), moderate (5-8), and severe (9—12)
(Table S1).

Statistical analyses

The cumulative incidence probability of OS and NRM was
calculated using the Kaplan-Meier method. Factors involved
in survival from the univariate analysis were assessed using
the Cox proportional hazards model, which was used to ana-
lyze OS. Variables included in the analysis were sex; age;
disease subtype (acute or lymphoma type); laboratory data at
diagnosis including the levels of serum albumin, lactate dehy-
drogenase (LDH), adjusted serum calcium (Ca), and soluble
interleukin-2 receptor (sIL-2R); presence or absence of
mogamulizumab administration; presence or absence of allo-
HCT; and the CONUT score. Two-sided p values of <0.05
were considered statistically significant. All statistical analy-
ses were performed using the EZR software package (Saitama
Medical Center, Jichi Medical University) [21].

Results
Characteristics of the patients

The study analyzed 54 patients with aggressive ATL, includ-
ing 28 men and 26 women. The disease subtypes were acute
in 39 patients, lymphoma in 14 patients, and unfavorable
chronic subtype in 1 patient. All patients received intensive
chemotherapy as initial treatment, including CHOP-like (n =
25), mLSG15 (n =24), and others (n = 5). The median OS was
326 days [1-year OS, 41.4%; 95% confidence interval (CI),
28.1-54.2; Fig. 1a]. The clinical characteristics of the patients
are summarized in Table 1.

Older age (> 70 years) is a poor prognostic factor
in ATL patients

Twenty-nine patients (53.7%) were > 70 years old (older pa-
tients), and these patients had a worse survival outcome (me-
dian OS, 287 days; HR, 2.006; 95% CI, 1.06-3.799; p =
0.033) than younger patients (median OS, 342.5 days)
(Table 2; Fig. 1b). No other factors were associated with OS
in the present cohort (Table 2). None of the patients in the
older group received allo-HCT, whereas 14 younger patients
received allo-HCT (p <0.001) (Table 3), indicating that
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treatment strategies, especially the absence or presence of allo-
HCT, can vary depending on age. Next, we assessed the prog-
nostic variables after dividing the patients into an older group
(=70 years) and a younger group (< 70 years).

A lower CONUT score (0-3) is correlated
with favorable OS in younger but not in older ATL
patients

Among younger patients, 17 (17/25) had a CONUT score of
0-3 (lower CONUT score group) and a significantly longer
OS than those with a CONUT score > 4 (higher CONUT score

Table 1  Patients’ characteristics

Variable No.

Age Median 70.5 (47-88)
Sex 28/26
Male/female

Disease subtype 39/14/1
Acute/lymphoma/unfavorable chronic

Initial treatment 25/24/5

CHOP like/mLSG15/other

White cell count x 10%/L 9.0 (2.7-150)
Lymphocytes count x 10%/L 0.9 (0-3.5)
Abnormal lymphocytes % 6 (0-95.5)
Serum albumin mg/dL 3.6 (1.84.3)
Lactate dehydrogenase U/mL 560 (172-4926)
Adjusted serum Ca mg/dL 9.75(7.3-16.8)
Hypercalcemia 15

Total cholesterol mg/dL
Soluble interleukin-2 receptor U/mL

173 (103-321)
25,597 (1114-191,800)

The CONUT score 3 (0-10)
Received HCT 14
Administration of moga 17

CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone;
mLSG15, modified LSG (VCAP-AMP-VECP: vincristine, cyclophos-
phamide, doxorubicin, and prednisolone; doxorubicin, ranimustine, and
prednisolone; vindesine, etoposide, carboplatin, and prednisolone); Ca,
calcium; CONUT score, controlling nutritional status score; moga,
mogamulizumab

group) (median OS, 562 days and 321 days, respectively; HR,
0.33; 95% CI, 0.117-0.932; p =0.036) (Fig. 2a; Table 3).
Among older patients, 14 (14/29) were in the lower CONUT
score group, and there were no significant differences in OS
between the lower and higher CONUT score groups (HR,
1.056; 95% CI, 0.48-2.32; p =0.893) (Fig. 2b; Table 3).
Allo-HCT is critical for inducing long-term remission in youn-
ger patients, and a low incidence of NRM can contribute to
long-term survival [3, 4]. We hypothesized that younger pa-
tients in the lower CONUT score group show favorable treat-
ment outcomes of allo-HCT.

The CONUT score, but not the HCT-specific
comorbidity index, can predict 0S and NRM
in patients receiving allo-HCT

Of 14 younger patients who received allo-HCT, 10 were in the
lower CONUT score group. The median OS of patients who
received allo-HCT in the lower and higher CONUT score
groups was 1685.5 and 184.5 days (Fig. 2¢; p =0.017), re-
spectively, whereas NRM at 1 year was 30% and 100%

Table 2 Univariate analysis of overall survival in all patients

Variable N HR 95% CI p value
Age 70 years or older 29/54  2.006 1.06-3.799 0.033
Sex male 28/54  1.072 0.584-1.971 0.822
Disease subtype 39/53  0.872  0.444-1.71 0.69
Acute vs lymphoma

Alb<3.5 mg/dL 23/54 0929 0.502-1.722  0.816
sIL-2R over 20,000 U/mL ~ 31/54 1.146 0.618-2.126  0.666
Hypercalcemia 24/54 1303  0.71-2.392 0.392
LDH > 500 U/mL 29/54 1336  0.725-2.463  0.352
Received HCT 14/54  0.608 0.288-1.281  0.191
Administration of moga 17/54 0979 0.51-1.876 0.948
CONUT score 04 35/54  0.576  0.307-1.078  0.085
CONUT score 0-3 31/54  0.56 0.30-1.047 0.069

Alb, albumin; sIL-2R, soluble interleukin receptor-2; LDH, lactate dehy-
drogenase; HCT, hematopoietic stem cell transplantation; moga,
mogamulizumab; CONUT score, controlling nutritional status score

@ Springer



468 Ann Hematol (2019) 98:465-471
Table 3 Univariate analysis of overall survival in patients 70 years and older or younger

Variable N HR 95% CI p value N HR 95% CI p value
Age Age<70 Age>70

Alb<3.5 mg/dL 9/25 0.525 0.169-1.621 0.266 14/29 1.443 0.642-3.245 0.375
sIL-2R over 20,000 U/mL 12/25 0.92 0.342-2.474 0.869 19/29 0.951 0.397-2.282 0.911
Hypercalcemia 11/25 1.327 0.496-3.549 0.573 11729 1.238 0.558-2.747 0.599
LDH> 500 IU/mL 15/25 1.336 0.725-2.463 0.352 14/29 2.409 0.981-5.921 0.052
Received HCT 14/25 1.026 0.380-2.766 0.96 0/29

Administration of moga 5/25 2.551 0.860-7.567 0.092 12/29 0.377 0.163-0.873 0.023
CONUT score 04 21/25 0.501 0.141-1.781 0.285 15/29 0.845 0.383-1.867 0.678
CONUT score 0-3 17/25 0.33 0.117-0.932 0.036 14/29 1.056 0.480-2.32 0.893

Alb, albumin; s/L-2R, soluble interleukin receptor-2; LDH, lactate dehydrogenase; HCT, hematopoietic stem cell transplantation; moga,
mogamulizumab; CONUT score, controlling nutritional status score

Fig. 2 a Kaplan-Meier survival
curves of overall survival (OS) in
younger patients (< 70 years). The
median OS was 562 days in the
0-3 CONUT score group and
321 days in the >4 CONUT score
group. b Kaplan-Meier survival
curves of OS in older patients (>
70 years). The median OS was
276.5 days in the 0-3 CONUT
score group and 287 days in the >
4 CONUT score group. ¢ Kaplan-
Meier survival curves of OS in
patients who received hemato-
poietic stem cell transplantation
(HCT). The median OS was
1685.5 days in the 0-3 CONUT
score group and 184.5 days in the
>4 CONUT score group. d
Cumulative incidence of non-
relapse mortality (NRM) in pa-
tients who received HCT. The 1-
year NRM rates were 30% in the
0-3 CONUT score group and
100% in the >4 CONUT score
group. e Kaplan-Meier survival
curves of OS in patients who re-
ceived HCT. The median OS was
278.5 days in the 0-2 HCT-
comorbidity index (HCT-CI)
group and 562 days in the >3
HCT-CI group. f Cumulative in-
cidence of NRM in patients who
received HCT. The 1-year NRM
rates were 54.3% in the -2 HCT-
CI group and 25% in the >3
HCT-CI group
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(Fig. 2d; p = 0.064), respectively. A previous report suggested
that HCT-specific comorbidity index (HCT-CI) can predict
OS and NRM in patients who received HCT [22]. Patients
with a HCT-CI score of 0-2 (n = 4) were defined as the lower
HCT-CI group, whereas those with a HCT-CI score >3 were
defined as the higher HCT-CI group (n =4) based on a report
suggesting that the higher HCT-CI group had significantly
shorter OS and higher NRM [22]. The median OS of patients
in the lower and higher HCT-CI groups was 278.5 and
562 days (Fig. 2e; p = 0.355), respectively, and NRM at 1 year
was 54.3% and 25% (Fig. 2f; p = 0.654), respectively. These
results of HCT-CI were inconsistent with those of previous
reports, and the CONUT score was therefore considered more
suitable as a predictive tool for the prognosis of patients who
received allo-HCT than the HCT-CL

Mogamulizumab can improve OS in older patients (>
70 years)

Of 29 older patients, 12 received mogamulizumab as salvage
chemotherapy. Patients who received mogamulizumab had a
significantly longer OS (432 days) than those who were not
treated with mogamulizumab (199 days) (Fig. 3a; Table 3;
HR, 0.377;95% CI, 0.163-0.873; p = 0.023). No other factors
had an effect on OS in older ATL patients (Table 3), indicating
that administration of mogamulizumab may improve OS in
older ATL patients. Five younger ATL patients received
mogamulizumab as salvage chemotherapy and showed a ten-
dency towards a worse prognosis (Fig. 3b; Table 3; HR,
2.551; 95% CI, 0.860-7.567; p=0.092). One patient who
received pretransplant mogamulizumab developed severe
GVHD, resulting in early death.

Discussion

The present study identified a new prognostic index for allo-
HCT recipients in ATL. The median OS in the present study

a
Age 270
1.0 4 — Administration of Moga + (N=12)
Median OS 432 days
0.8 4 -- Administration of Moga — (N=17)
i Median OS 199 days
Z 064 -
5 [
g h
© 0.4 =
o 1
[}
0.2 4 b
=0.018 tememmemmeeo
00q "
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Fig. 3 a Kaplan-Meier curve estimates of OS in elderly patients (>
70 years) who received or did not receive moga; the median OS was
432 days and 199 days, respectively. b Kaplan-Meier curve estimates of

was 326 days (10.9 months). The JCOG9801 study, which
compared the efficacy of mLSG15 and bi-weekly CHOP, re-
ported a median OS of 13 months and 11 months, respectively
[2]. These findings indicate that despite its small size (n = 54),
the present cohort was representative.

The CONUT score is used to grade poor nutritional status
and is useful for predicting prognosis in many cancers [12, 13,
23] because poor nutritional status is correlated with the re-
sponse to chemotherapy and the severity of therapy-related
toxicity [9]. Allo-HCT is a promising treatment to induce
long-term remission [3, 4], and allo-HCT recipients in the
lower CONUT score group achieved long-term remission
with a lower NRM rate. However, the CONUT score was
not correlated with prognosis in older patients, indicating that
the CONUT score may be more suitable for evaluating the
prognosis of transplant-eligible ATL patients. In the present
study, variables such as low serum albumin concentration (a
well-known poor prognostic factor in ATL), low total periph-
eral lymphocyte count (lymphocyte count differences were
not observed according to disease subtypes: median, acute,
975/uL; lymphoma, 886.8/uL; p=0.739), and low TC con-
centration were not predictors of prognosis in transplant-
eligible ATL patients (data not shown), whereas the CONUT
score predicted prognosis. The HCT-CI, which is reported as a
predictive tool for OS and NRM in allo-HCT recipients [22],
was not a predictor of OS and NRM in the present cohort. In
addition, the CONUT score is determined in the setting of first
diagnosis, whereas the HCT-CI is determined at the
pretransplant setting; therefore, the CONUT score may be
useful as an early assessment tool in clinical practice.
Chemosensitivity is important for the success of allo-HCT in
ATL [24], as the early administration of induction chemother-
apy to control ATL is necessary for transplant-eligible patients
[25]. Early prediction of transplant eligibility based on the
CONUT score is beneficial in ATL. This result suggests that
nutritional status can affect the prognosis of transplant-recip-
ients, and this tool may be applicable to other hematological
malignancies.
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OS in younger patients (<70 years) who received or did not receive
moga; the median OS was 231 days and 414 days, respectively.
Abbreviation: Moga, mogamulizumab
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In addition to its antibody-dependent cytotoxic activity
against CCR4-positive cells, mogamulizumab promotes anti-
tumor immune responses by depleting eTregs [18] and alter-
ing T cell immune reconstitution [26], thus exerting strong
antitumor effects [15]. Depletion of eTregs and alteration of
T cell immune reconstitution often persist half a year or longer
after initiating mogamulizumab treatment [27], promoting the
development of severe GVHD [19] in the pretransplant set-
ting. Younger patients treated with mogamulizumab had a
tendency towards a worse prognosis in our cohort, and one
patient who received pretransplant mogamulizumab devel-
oped severe GVHD, resulting in early death. Therefore, the
indications for mogamulizumab should be carefully deter-
mined in younger patients. However, elderly patients who
received mogamulizumab had significantly improved OS
compared with that in patients who were not treated with this
agent. Depletion of eTregs activates HTLV-I-specific cytotox-
ic T cells (CTLs) [18], which are involved in regulating ATL
progression [28]. The presence of CTLs in the peripheral
blood or bone marrow after allo-HCT has been reported
[29]; therefore, Tax peptide-pulsed dendritic cell vaccination
[30] or mogamulizumab [31] could provide promising antitu-
mor effects. In clinical practice, immune-related cutaneous
adverse events are a favorable prognostic factor in patients
who received mogamulizumab with generally limited toxicity
[32]. Because these immunological alterations can contribute
to the strong antitumor effects in ATL, administration of
mogamulizumab is beneficial for transplant-ineligible ATL
patients.

The simplified ATL-prognostic index (SATL-PI), which in-
cludes age, serum albumin level, sIL-2R level, Ann Arbor
stage, and performance status (PS), can predict the prognosis
of ATL patients who did not receive allo-HCT [5]. In the
current cohort, only older age had an effect on OS, whereas
serum albumin and sIL-2R levels did not affect OS, even in
the limited group of patients who did not receive allo-HCT
(Table S2). However, Ann Arbor stage is not accurate in ATL
because many ATL patients have a leukemic phase and PS can
be variable depending on the evaluator [33]. Hence, it remains
unclear whether sATL-PI correctly predicts OS in ATL, and a
more accurate prognostic index for ATL is needed.

We identified the CONUT score as a new prognostic factor
in ATL. However, we cannot conclude the association be-
tween the CONUT score and the prognosis of patients with
ATL due to small sample size in our retrospective study.
Further investigation with a sufficient number of cases is
needed to clarify the clinical impact of the CONUT score in
ATL.
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