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Fig. 4 CD4+ T cells proliferated in HBZ/Tax transgenic mice. BrdU
was injected into mice twice a day for three days, and splenocytes
were stained with antibodies to BrdU and CD4

HTLV-1 infected individuals. However, Tax single trans-
genic mice did not develop major health problems. This
study highlights the importance of HBZ in HTLV-1-asso-
ciated disease.
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ABSTRACT

Allogeneic bone marrow and peripheral blood stem cell transplantations are curative treatment modalities
for adult T cell leukemia/lymphoma (ATLL) because of the intrinsic graft-versus-ATLL effect. However, limited
information is available regarding whether cord blood transplantation (CBT) induces a curative graft-versus-
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Key Words: ATLL effect against aggressive ATLL. To evaluate the effect of CBT against ATLL, we retrospectively analyzed
Adult T cell leukemia/ data from 175 patients with ATLL who initially underwent single-unit CBT. The 2-year overall survival (0S)
lymphoma (ATTL)

rate was 20.6% (95% confidence interval [Cl], 13.8% to 27.4%). A multivariate analysis revealed that the
development of graft-versus-host disease (GVHD) was a favorable prognostic factor for 0S (hazard ratio, .10;
95% (1, .01 to .94; P =.044). Furthermore, the 2-year 0S (42.7%; 95% Cl, 28.1% to 56.6%) of patients with grade
1 to 2 acute GVHD was higher than that of patients without acute GVHD (24.2%; 95% Cl, 11.2% to 39.8%;
P =.048). However, the cumulative incidence of treatment-related mortality (TRM) was high (46.1%; 95% CI,
38.2% to 53.7%), and early death was particularly problematic. In conclusion, CBT cures patients with ATLL
partly through a graft-versus-ATLL effect. However, novel interventions will be required, particularly in the
early phase, to reduce TRM and optimize GVHD.

© 2014 American Society for Blood and Marrow Transplantation.
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Graft-versus-adult T cell
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INTRODUCTION
Adult T cell leukemia/lymphoma (ATLL), an aggressive
peripheral T cell neoplasm caused by the human T cell
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lymphotropic/leukemia virus type-1, has an extremely poor
prognosis | 1}. Intensive chemotherapy and autologous stem
cell transplantation have not been shown to improve this
prognosis {Z,3]. As a curative treatment, allogeneic hemato-
poietic stem cell transplantation (allo-HSCT) can confer long-
term remission via a graft-versus-ATLL effect in a proportion
of patients with ATLL {4-7}. Recent reports have demon-
strated that allo-HSCT using bone marrow (BM) or peripheral
blood stem cells (PBSC) from a related or unrelated donor can
effectively treat ATLL, yielding a 3-year overall survival rate
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(0S) of approximately 30% [8-161. However, patients with
ATLL typically lack a suitable HLA-identical sibling donor
because both the recipients and donors are typically elderly
and because the aggressive ATLL tumor burden reduces the
available time to find a suitable unrelated donor within the
Japan Marrow Donor Program. Umbilical cord blood, which
can serve as an alternative to BM or PBSC as a source of stem
cells, has been used primarily to treat children; however, the
number of unrelated-donor cord blood transplantation (CBT)
procedures used to treat adult patients with ATLL is
increasing in Japan. The rapid availability of CBT may provide
a great advantage for patients who require urgent allo-HSCT
to treat aggressive ATLL {171

Currently, the outcome of CBT in patients with acute
leukemia is comparable to that of other graft sources {18,19}];
however, there are few reports on the outcomes of CBT in
patients with ATL {20,21]. Moreover, it is difficult to draw
firm conclusions regarding the efficacy of this procedure
because of the small number of cases. Therefore, to evaluate
the role of CBT for ATLL in a larger and more recent cohort,
we performed a nationwide retrospective study of patients
with ATLL who underwent CBT as the initial allo-HSCT.

PATIENTS AND METHODS
Data Collection

We analyzed nationwide survey data from the Japan Society for He-
matopoietic Cell Transplantation regarding patients with ATLL who had
undergone an initial CBT between March 2001 and December 2009 (n = 175).
This analysis included the patients’ clinical characteristics, such as the age at
transplantation, gender, disease status at transplantation, date of trans-
plantation, time from diagnosis to transplantation, conditioning regimens,
and number of infused cells. The number of mismatches was counted with
respect to HLA-A, HLA-B (low-resolution typing), and DRB1 (high-resolution
typing). The present study was approved by the data management com-
mittees of the Japan Society for Hematopoietic Cell Transplantation as well as
the institutional ethics committee of the Kyushu University Graduate School
of Medical Sciences.

Definitions

0S was defined as the time from transplantation until death, and pa-
tients who remained alive at the time of the last follow-up were censored.
The causes of death were reviewed and categorized as either ATLL-related or
transplantation-related mortality (TRM). ATLL-related mortality was defined
as death caused by a relapse or progression of ATLL, whereas TRM was
defined as any death related to transplantation other than ATLL-related
mortality, according to the judgment of each institution. The patients
were divided into 2 groups according to the conditioning regimen: full-
intensity conditioning (FIC) and reduced-intensity conditioning (RIC). FIC
and RIC were defined according to the proposals of Giralt et al. {22} and
Bacigalupo et al. {23}, respectively, with slight modifications. In the present
study, conditioning regimens that included >5 Gy of total body irradiation
(TBI) in a single fraction or >8 Gy of TBI in multiple fractions, oral busulfan
(BU) at >8 mg/kg, intravenous BU at >6.4 mg/kg, or melphalan (Mel) at
>140 mg/m? were considered FIC; all others were classified as RIC.

Statistical Analysis

Descriptive statistics were used to summarize the variables related to
patient demographics and transplantation characteristics. The probability of
the OS time was estimated according to the Kaplan-Meier method. To
evaluate the influences of confounding factors on acute graft-versus-host
disease (GVHD) and survival, the log-rank test and proportional hazards
modeling were used for the univariate and multivariate analyses, respec-
tively. The Cox proportional hazard model was used for the multivariate
analyses of OS in which all independent variables were incorporated in the
model, followed by the use of a stepwise selection method {. Fine and
Gray proportional hazard modeling was used to estimate the effects of the
same variables used in the multivariate analysis for OS on the cumulative
incidence rates of TRM and ATLL-related mortality {25261 In these
regression models, the occurrence of GVHD was treated as a time-
dependent covariate . In the analysis of acute GVHD, patients were
assigned to the “no acute GVHD group” at the time of transplantation and
transferred to the “acute GVHD group” at the onset of the maximum grade of
acute GVHD. The landmark method was used to evaluate the effects of GVHD

on OS and the cumulative incidence of disease-associated and treatment-
related deaths among patients who remained alive at 60 days for acute
GVHD and at 100 days for chronic GVHD after transplantation. Factors
associated with at least borderline significance (P < .10) in the univariate
analysis were subjected to a multivariate analysis using a backward stepwise
covariate selection. All P values were 2-tailed, and P values <.05 were
considered statistically significant. All statistical analyses were performed
using EZR (Saitama Medical Center, Jichi Medical University), a graphical
user interface for R (The R Foundation for Statistical Computing, version
2.13.0) {281

RESULTS
Patient Characteristics

The characteristics of 175 ATLL patients who received a
single CBT are shown in Table 1. The median age at CBT was
55 years (range, 27 to 79 years). The cohort comprised 70
women and 105 men with the following ATLL statuses at CBT:
complete remission (CR; n = 50), not in CR (n = 116), and
unknown (n = 9). The conditioning regimen intensity was
classified as FIC in 63 (36%) patients and RIC in 128 (62%)
patients. FIC was further subdivided into 2 groups as follows:
TBI(n=47)or non-TBI(n=15). RICwas also subdivided into 3
groups as follows: fludarabine (Flu) + Mel (n = 75), Flu + BU
(n = 15), and other types (n = 15). Cyclosporine and tacroli-
mus were administered for prophylaxis to 90 (51%) and 77
patients (44%), respectively. Cyclosporine-based prophylaxis
was subdivided into 3 groups as follows: (1) cyclosporine

Table 1
Patient Characteristics at Cord Blood Transplantation

Variables No. of Patients
(n = 175)
Age at transplantation, median (range), yr 55(27-79)
Gender
Male 105
Female 70
Disease status at transplantation
CR 50
Not in CR 116
Unknown 9
Conditioning regimen
FIC 63
RIC 108
Unknown 4
GVHD prophylaxis
Cyclosporine-based 90
Tacrolimus-based 77
Unknown 8
Time from diagnosis to transplantation, d
<200 94
>200 75
Unknown 6
Year of transplantation
<2005 71
>2005 104
HLA matching
0 mismatched loci 5
1 mismatched locus 36
2 mismatched loci 73
>3 mismatched loci 42
Unknown 19
ABO matching
Matched 56
Minor mismatched 49
Major mismatched 69
Unknown 1
Nucleated cells infused per 107/kg, median 2.58 (.36-5.34)
(range)
CD34-positive cells infused per 10°/kg, median .85 (.07-5.39)
(range)

+ Number of mismatches was counted among HLA-A, -B (low-resolution
typing), and DRB1 (high-resolution typing).
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alone (n = 33), (2) cyclosporine + short-term methotrexate
(MTX) (n = 45), and (3) cyclosporine + mycophenolate
mofetil (MMF; n = 12). Tacrolimus-based prophylaxis was
subdivided into 4 groups as follows: (1) tacrolimus alone
(n = 37), (2) tacrolimus + short-term MTX (n = 32), (3)
tacrolimus + MMF (n = 5), (4) and tacrolimus + prednisolone
(n = 3). Ninety-four patients (54%) received CBT < 200 days
after diagnosis. One hundred twenty-four (71%) patients
underwent CBT with 2 HLA-mismatched loci. The numbers of
infused nucleated and CD34-positive cells were 2.58 x 107 kg
(range, .36 to 5.34 x 107/kg) and .85 x 10°/kg (range, .07 to
5.39 x 10°/kg), respectively. Engraftment evaluation was
possible in 125 patients (71%) within a median interval of
19 days after CBT (range, 7 to 46 days). Among the survivors,
the median follow-up duration was 22.5 months (range, 0 to
74.5 months).

Prognostic Factors for Survival

The OS rates of 175 patients with ATLL who received CBT
were 30.2% (95% confidence interval [Cl], 23.0% to 37.4%) at
1 year and 20.6% (95% Cl, 13.8% to 27.4%) at 2 years
(Figure 1A). The cumulative incidence rates of ATLL-related
mortality and TRM at 2 years were 31.9% (95% Cl, 24.8% to
39.3%) and 46.4% (95% Cl, 38.5% to 54.0%), respectively

(Figure 1B). The following confounding factors affected
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survival: age, gender, disease status at transplantation, days
from diagnosis to transplantation, date of transplantation,
age at transplantation, conditioning regimen, number of
infused nucleated and CD34-positive cells, ABO compati-
bility, HLA compatibility, GVHD prophylaxis, and the devel-
opment of acute GVHD. A univariate analysis revealed that
higher OS (P < .05) correlated with CR at transplantation,
minor ABO incompatibility, the addition of other agents to
calcineurin inhibitors (MTX or MMF), and the development
of acute GVHD (Table 2). A multivariate analysis was per-
formed to further examine the effects of an age <55 years,
the development of acute GVHD as a time-dependent co-
variate coincident with CR at transplantation, minor ABO
incompatibility, and the addition of other agents to calci-
neurin inhibitors (Tabie 3). Compared with the absence of
GVHD, the development of acute GVHD was associated
independently with higher OS (hazard ratio [HR}, .10; 95% CI,
.01 to 0.94; P = .044).

Effects of Acute GVHD on Survival

To further validate the effect of acute GVHD on OS, we
examined survival according to the acute GVHD grade in a
landmark analysis. The median time to onset of acute GVHD
of any grade after transplantation was 21 days (range, 5 to
100 days). Acute GVHD occurred in 80 patients (46%) as

B 1.0 —
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Figure 1. Survival, adult T cell leukemia/lymphoma (ATLL)-related mortality rates, and transplantation-related mortality (TRM) rates of patients receiving cord blood
transplantation (CBT). (A) Kaplan-Meier curves of the estimated overall survival rates (OS) of ATLL patients treated with CBT. UCB, umbilical cord blood; PBSC,
peripheral blood stem cells; BM, bone marrow, GVHD, graft-versus-host disease. (B) Cumulative incidence curves of ATLL-related mortality and TRM in patients
treated with CBT. (C) Landmark plots of OS to determine the effects of acute GVHD. (D) Landmark plots of OS to determine the effects of chronic GVHD.
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Table 2
Univariate Analysis of Risk Factors for Overall Survival
Variables No. 0s
Two-Year OS (%) 95% Cl P Value

Age 1 <60 yr 134 23.0 15.0-31.0 .080
>60 yr 41 12.0 6.0-22.4

Age 2 <55 yr 85 254 15.0-35.8 .100
>55yr 90 15.6 7.0-24.2

Sex Female 70 223 11.5-33.1 453
Male 105 194 10.8-28.0

Disease status at transplantation CR 50 403 25.5-55.1 .003
Not in CR 116 143 7.1-21.7

Time from diagnosis to transplantation <200d 94 224 12.8-32.0 752
>200d 75 19.9 9.7-30.1

Yr of transplantation <2005 71 176 8.2-27.0 .160
>2005 104 23.1 13.5-31.5

Conditioning regimen FIC 63 20.2 9.8-30.6 740
RIC 108 202 11.8-28.6

Infused nucleated cell dose (x 107/kg) <2 19 10.8 0-29.3 290
>2 145 22.6 14.9-30.3

Infused CD34 cell dose (x 10%/kg) <1 97 233 13.9-32.7 .396
>1 66 19.1 8.0-30.2

ABO matching Matched 56 12.8 34-22.2 .024
Minor mismatched 49 30.5 15.5-45.5
Major mismatched 69 205 9.9-31.1

HLA matching 0 mismatched 5 30.0 0-77.4 525
1 mismatched 36 21.6 5.6-37.6
2 mismatched 73 24.6 14.3-359
>3 mismatched 42 18.1 3.9-323

GVHD prophylaxis 1 Cyclosporine-based 90 219 12.5-314 710

: Tacrolimus-based 77 203 10.0-304

GVHD prophylaxis 2 (cyclosporine/tacrolimus + other drug) No 70 124 4.8-20.0 .003
Yes 97 327 21.1-44.3

Acute GVHD No 59 16.8 5.7-27.9 <.0001
Yes 80 29.4 18.2-40.6

follows: grade 1, n = 23 patients; grade 2, n = 37 patients;
grade 3, n = 14 patients; and grade 4, n = 6 patients. There
was no significant difference in OS between patients with
grades 1 and 2 GVHD (P = 1.00), in contrast to the difference
between patients with grades 1 and 3 GVHD (P = .013).
Moreover, based on the previous national survey analysis of
the effect of acute GVHD on survival in patients with ATLL
15,15}, the effect of acute GVHD on OS in the present study
was evaluated using landmark plots (landmark day 60) ac-
cording to the following 3 categories: (1) no acute GVHD
(n = 38),(2) grade 1 to 2 acute GVHD (n = 53), and (3) grade

Table 3
Multivariate Analysis of Risk Factors for OS
Variables oS
HR 95% Cl P Value

Age, yr

<55 1

>55 115 .63-2.09 .652
Disease status at transplantation

CR 1

Not in CR 138 .73-2.63 .190
ABO matching

Matched 1

Minor mismatched 56 .25-1.24 152

Major mismatched 77 .39-148 337
GVHD prophylaxis (cyclosporine/

tacrolimus + other drug)

No 1

Yes 76 42-138 365
Acute GVHD (time-dependent covariate)

No 1

Yes .10 .01-94 .044

3 to 4 acute GVHD (n = 14). The 2-year OS rates for patients
according to the acute GVHD grade were as follows: 24.2%
(95% CI, 11.2% to 39.8%) without acute GVHD; 42.7% (95% CI,
28.1% to 56.6%) with grade 1 to 2 GVHD; and 0% with grade 3
to 4 GVHD (Figure 1C). These analyses demonstrated that the
development of grade 1 to 2 acute GVHD was associated with
higher OS compared with the absence of acute GVHD
(P = .048), whereas the development of grade 3 to 4 acute
GVHD was associated with lower OS compared with that in
patients with grade 1 to 2 acute GVHD (P =.0003). The cu-
mulative 2-year ATLL-related mortality rates according to the
GVHD grades were as follows: 32.6% (95% CI, 19.7% to 46.1%)
for grade 1 to 2 acute GVHD; 29.8% (95% CI, 8.2% to 55.6%) for
grade 3 to 4 acute GVHD; and 45.9% (95% CI, 29.0% to 61.3%)
for no acute GVHD. There was a trend toward a lower risk of
relapse or progression in those who developed grade 1 to 2
acute GVHD relative to those without GVHD. Among patients
with non-CR at transplantation, there was also a trend to-
ward higher 2-year OS (36.7%; 95% Cl, 18.7% to 54.9%) in
those who developed grade 1 to 2 acute GVHD than in those
without GVHD (15.6%; 95% (I, 3.4% to 35.9%). These data
suggested a graft-versus-ATLL effect induced by CBT.

Effects of Chronic GVHD on Survival

Chronic GVHD was evaluated in 74 patients who survived
for at least 100 days after transplantation. Chronic GVHD
occurred in 28 patients (37%) with a median time to onset of
115 days (range, 73 to 1287 days) after CBT. The effect of
chronic GVHD on OS was evaluated using landmark plots
(landmark day 100), and the 2-year OS results were as fol-
lows: no chronic GVHD (n = 46), 35.6% (95% Cl, 21.0% to
50.0%); limited chronic GVHD (n = 15), 68.1% (95% Cl, 35.4%
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to 86.8%); and extensive chronic GVHD (n = 13), 40.4% (95%
Cl, 13.4% to 66.4%) (Figure 1D). There was a trend toward a
higher OS among patients with limited chronic GVHD, but
there were no significant differences relative to patients
without chronic GVHD (P = .10) and those with extensive
chronic GVHD (P = .12).

Cause of Death

At the last follow-up, 46 patients remained alive and 129
were deceased. The median follow-up time among the sur-
vivors was 22.5 months (range, 0 to 74.5 months). Disease
progression {n = 52) was the leading cause of death. Infec-
tion was the cause of death in 40 patients (31%; bacterial,
n = 27 patients; fungal, n = 3; viral, n = 8; and others, n = 2).
Viral infection-related deaths were caused by the following
pathogens: cytomegalovirus, n = 3; adenovirus, n = 2; hu-
man herpesvirus-6, n = 2; and varicella-zoster virus, n = 1.
Among the 27 patients who succumbed to bacterial infec-
tion, 16 died before engraftment at a median of 17 days after
CBT (range, 7 to 38 days). Among the 20 patients who
developed severe acute grade 3 to 4 GVHD, 2 remain alive
without disease progression. However, 9 of the 20 patients
died of GVHD, 5 of disease progression, and 4 of infection.

The Fine and Gray proportional hazards model was
applied to identify the variables affecting ATLL-related mor-
tality and TRM. The pretransplantation variables included
age, gender, disease status at CBT, days from diagnosis
to transplantation, age at transplantation, conditioning
regimen, number of infused nucleated cells, ABO compati-
bility, HLA compatibility, and GVHD prophylaxis. The
following pretransplantation factors associated with a higher
risk of ATLL-related mortality were identified in a multivar-
iate analysis: not in CR at CBT (HR, 3.37; 95% (I, 1.12 to 10.2;
P =.032) and an age > 55 years at CBT (HR, 2.32; 95% (I, .98
to 5.48; P = .054). The following pretransplantation factors
were associated with a marginally higher risk of TRM: lower
number of infused nucleated cells (>2 x 107/kg versus
<2 x 107/kg; HR, .56; 95% Cl,.30 to 1.02; P =.059) and GVHD
prophylaxis with a calcineurin inhibitor alone (additional
agents plus calcineurin inhibitors versus calcineurin in-
hibitors alone; HR, .60; 95% CI, .34 to 1.07; P =.064).

DISCUSSION

We present here the results of the largest retrospective
study of ATLL patients receiving CBT; these results have
extended our knowledge relative to that gained from other
studies, which were limited by the numbers of cases
{15,20,211. Because graft source selection is strongly influ-
enced by the donor availability, it is difficult to directly
compare the outcomes of CBT with those of other allo-HSCT
modalities. Nevertheless, the outcome of CBT for ATLL in the
previous nationwide survey, with a 3-year OS rate of 17%,
was clearly unsatisfactory because the study period corre-
sponded with the developmental phase of CBT in adult pa-
tients { 151. Recent improvements in the outcome of CBT have
been expected after optimization of the number of cells used
for CBT and the improved HLA-compatibility of cord blood
units {29-311. Consequently, a recent nationwide survey data
of adults with acute non-ATLL leukemia revealed no differ-
ences in the outcome of CBT in comparison with those of
other allo-HSCT modalities {18,19]. However, the updated
data (through December 2009) indicated that CBT for ATLL
remained associated with a poorer 3-year OS of 20.6%,
compared with OS of 34.4% among the 374 patients who
received related BM or PBSC and 37.1% among the 319

patients who received unrelated BM (P < .0001) (Figure 1A).
Therefore, the aim of the present study focused on the
feasibility of CBT in the context of a larger cohort of patients
with ATLL.

In the present study, 2 important findings were identified
regarding CBT for ATLL. First, CBT cured patients with ATLL
partly through a graft-versus-ATLL effect. Second, the high
rate of TRM (approximately 50%) remains a significant
problem. The OS curve for ATLL patients who received CBT
reached a plateau by 3 years, suggesting long-term survival
of selected patients, although the outcome of CBT for ATLL
(3-year OS, 20%) did not compare favorably with those of
other allo-HSCT modalities. Regarding the prognostic factors
affecting survival, our present univariate analysis identified
the 5 following significant variables associated with higher
0S: (1) age, (2) disease status at transplantation, (3) ABO
compatibility, (4) addition of agents such as MTX or MMF to
calcineurin inhibitors for GVHD prophylaxis, and (5) devel-
opment of acute GVHD. Further, the multivariate analysis
revealed that the development of acute GVHD was inde-
pendently associated with better OS relative to the absence
of acute GVHD. A landmark analysis showed that the devel-
opment of grade 1 to 2, or so called mild-to-moderate acute
GVHD, was associated with better OS when compared with
the absence of acute GVHD. There was also a trend toward a
lower risk of relapse or progression with the development of
acute GVHD when compared with the absence of GVHD and
better OS in patients with limited chronic GVHD. Taken
together, these data suggest the presence of a curative graft-
versus-ATLL effect conferred by CBT.

However, it is typically difficult for physicians to optimize
the effects of acute GVHD to prevent disease progression via
graft-versus-ATLL. Therefore, a more realistic attempt would
be the control of pretransplantation factors that might affect
the CBT outcome and, thus, enhance the benefit of allo-HSCT.
The multivariate analysis performed herein with respect to
ATLL-related deaths identified disease status at CBT as the
most important factor. ATLL usually resists conventional
chemotherapy and must be treated soon after diagnosis
because of the rapid proliferation of tumor cells, which
generates a high tumor burden {2,3]. In the future, novel
agents, such as mogamulizumab, a humanized anti-CCR4
monoclonal antibody, might improve CBT-associated sur-
vival by decreasing the tumor burden before transplantation
{32-35]. Another possibility for improving survival might be
reducing the time from diagnosis to transplantation while
patients with ATLL remain chemosensitive. Moreover, CBT
provides a considerable advantage for patients who require
urgent allo-HSCT to combat aggressive ATLL.

In the present study, we have shown that CBT is feasible
and curative. However, the high rate of TRM remained a
significant problem. Bacterial infection caused the highest
incidence of death (21%) during the neutropenic period. The
infusion of lower numbers of nucleated cells (<2 x 107/kg),
which is usually associated with delayed engraftment, was
marginally associated with TRM. Neutrophil recovery is
slower in patients treated via CBT, and immunosuppressed
patients with ATLL might be at an increased risk of devel-
oping more frequent opportunistic infections {36{. Improved
supportive care to prevent bacterial infection is required af-
ter CBT for patients experiencing a prolonged neutropenic
period. The ongoing development of better graft engineering
{371 or double-CBT {38} might facilitate rapid neutrophil
recovery and, thus, help to reduce the TRM rate in CB
recipients.
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The present study has several limitations. First, our results
concerning the effect of chronic GVHD on survival should be
interpreted with caution because the relatively small num-
ber of patients who developed chronic GVHD did not allow
us to evaluate the effect of this condition on survival in a
multivariate analysis. Instead, we were limited to performing
a landmark analysis of OS according to the severity of chronic
GVHD. Certainly, we detected a trend toward higher OS in
patients with limited chronic GVHD when compared with
patients without chronic GVHD, suggesting the possible
presence of a graft-versus-ATLL effect. However, these results
might be biased because of insufficient statistical power. Our
future studies will assess the effect of chronic GVHD on the
outcome of CBT for the treatment of ATLL after a long-term
follow-up. Although the present study employed, to our
knowledge, the largest cohort of CBT-treated patients to date
and our results demonstrated that CBT is a feasible and
effective treatment, this was a retrospective analysis.
Therefore, this finding requires confirmation in prospective
studies. To establish reliable criteria for CBT administration, a
prospective multicenter clinical trial is underway in Japan to
evaluate the safety and efficacy of CBT combined with Fly,
Mel, and low-dose TBI (4 Gy) along with GVHD prophylaxis
(tacrolimus and MMF [391).

In conclusion, CBT is feasible and effective for patients
with ATLL and acts via a graft-versus-ATLL effect. However,
the outcome of CBT is unsatisfactory when compared with
those of other allo-HSCT modalities. The high rate of TRM
must be reduced, and the development of novel strategies is
required to further improve the outcome of CBT.
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Tomohiro Ishigaki*, Yuji Zaike, Masanori Nojima, Seiichiro Kobayashi, Nobuhiro Ohno,
Kaoru Uchimaru, Arinobu Tojo, Hiromitsu Nakauchi and Nobukazu Watanabe

Quantification of adult T-cell leukemia/lymphoma
cells using simple four-color flow cytometry

Abstract

Background: The absolute number of adult T-cell leu-
kemia/lymphoma (ATL) cells in peripheral blood is an
essential indicator to evaluate disease status. However,
microscopically counting ATL cells based on morphology
requires experience and tends to be inaccurate due to the
rarity of ATL.

Methods: Based on our research showing that acute-
type ATL cells are specifically enriched in the CD4+/
CD7- (CD7N) fraction, a new analytical method to accu-
rately quantify ATL cells was established using an inter-
nal bead standard and simple four-color flow cytometry.
This method was verified by comparison with microscopic
examination of 49 peripheral blood samples and used to
follow up patients.

Results: A strong correlation was observed between the
number of CD7N cells measured by flow cytometry and
the number of abnormal lymphocytes measured micro-
scopically by experienced technicians [Pearson’s R, 0.963;
Spearman’s rho, 0.921; intercorrelation coefficient, 0.962].
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The linear regression coefficient was close to 1 (=1.013).
Our method could detect 1 cell/uL, and the limit of quan-
titation was between 2.9 and 9.8 cells/uL. The frequency
of CD7N cells among CD4+ cells changed during chemo-
therapy, which reflected differences between chemosensi-
tive and chemoresistant cases. Kaplan-Meier analysis with
a log-rank test showed that patients with decreased CD7N
proportion after chemotherapy had significantly longer
disease-specific survival (p=0.003).

Conclusions: Our newly established method quantified
tumor cells in patients with acute-type ATL. Further-
more, this method was useful for assessing the efficacy
of chemotherapy, and the change of the CD7N proportion
could be more important to predict prognosis.

Keywords: adult T-cell leukemia/lymphoma (ATL); flow
cytometry; HAS-Flow; human T-cell leukemia virus type
1 (HTLV1).
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Introduction

Adult T-cell leukemia/lymphoma (ATL) is a mature T-cell
neoplasm caused by human T-cell leukemia virus type 1
(HTLV-1). According to the classification of the Japanese
Lymphoma Study Group (Shimoyama classification) [1],
ATL is classified into four subtypes: smoldering, chronic,
lymphoma, and acute-type. Chemotherapy should be
offered to patients with acute, lymphoma, and chronic-
type ATL with unfavorable prognostic factors.

A quantitative analysis of ATL cells is essential to
evaluate the therapeutic effect. The number of ATL cells
is currently estimated based on morphological abnormali-
ties. Cells with abnormally hyperlobulated nuclei, which
are termed ‘flower cells’, are characteristic ATL cells, but
ATL cells are not always typical flower cells. ATL cells are
morphologically diverse among cases, and the histologi-
cal feature of ATL is diffuse proliferation of abnormal cells
that vary in size and shape [2]. As discriminating ATL cells
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morphologically from other lymphocytes, particularly
from reactive atypical lymphocytes, is difficult, experience
is required. Consequently, these difficulties cause differ-
ences between examiners and errors; therefore, morpho-
logical quantification of ATL cells tends to be inaccurate.

Many researchers have attempted to develop other
counting methods or to identify markers that reflect the
number of ATL cells [3-9]. The most prevalent method
is HTLV-1 proviral load (PVL), measured by quantitative
real-time polymerase chain reaction [5-9]. Although PVL
in peripheral blood mononuclear cells (PBMCs) is a sur-
rogate marker of the number of HTLV-l-infected cells, it
has several problems. First, PVL can be affected by the
total number of PBMCs, as it is only expressed as a per-
centage in PBMCs and not an absolute value. Second, PVL
reflects only the burden of infection and is not specific for
ATL cells. Third, PVL may overestimate the frequency of
ATL cells when ATL cells harbor multiple copies within
a single cell [5]. Furthermore, PVL measurements vary
widely among laboratories, and should be standardized
[10]. Finally, the method is time-consuming and is not suf-
ficiently easy to use frequently for clinical testing. There-
fore, establishing a new method to quantify ATL cells
more accurately and easily is required.

We assessed a number of samples from patients with
ATL using 12-color flow cytometry, and have established
the flow cytometric method named ‘HAS (HTLV-1 Analyz-
ing System)-Flow,’ to analyze ATL cells. Downregulation
of CD3 and CD7 is observed in ATL cells, and we reported
that CD4-positive cells in patients with ATL can be clas-
sified into three groups of: CD3pesitve/CD7positve (CD7P),
CDBd}'m]y posirive/CD7dimly positive (CD7D), and Cngime posirive/
CD7vesatve (CD7N) [11). Examining the PVL showed that
HTLV1-infected cells were concentrated mainly in the
CD7N fraction in patients with acute-type ATL. Moreover,
the VP repertoire revealed that tumor cells are specifically
enriched in the CD7N fraction, usually to almost 100%
after assessing clonality in the context of the T-cell recep-
tor [11]. Therefore, the number of CD7N cells reflects the
number of ATL cells. We applied these findings to a new
clinical test, and established a new analytical method
using simple four-color flow cytometry.

Materials and methods

Patient samples

Peripheral blood samples were collected from patients with acute-
type ATL who were admitted to the Research Hospital at the Institute
of Medical Science, University of Tokyo (IMSUT) between June 2011
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and December 2012, Some of the patients were transferred to our hos-
pital after a few courses of chemotherapy. This study was approved
by the Research Ethics Committee of IMSUT, and written informed
consent was obtained from all patients in accordance with the Dec-
laration of Helsinki. All patients were diagnosed with acute-type ATL
according to Shimoyama’s criteria {1] and had not received hemat-
opoietic stem cell transplantation (HSCT). In total, 49 samples from
14 patients were collected before treatment or just before a course
of chemotherapy (Table 1). The effectiveness of chemotherapy was
evaluated using the ATL response criteria [12].

Sample preparation and immunofluores-
cence staining

Peripheral blood was obtained in Vacutainer Hemogard Plus tubes
(BD Biosciences, San Jose, CA, USA) by conventional venipuncture.
As the volume required for our method was only 100 pl, the rest
of peripheral blood samples used for routine laboratory tests were
applied for measurement. A ProCOUNT method using Trucount tubes
(BD Biosciences), in which a known number of fluorescent reference
beads are included, was adopted to measure the absolute number of
cells. First, fluorescently labeled antibodies, consisting of fluorescein
isothiocyanate (FITC)-CD4 (BioLegend, San Diego, CA, USA), phyco-
erythrin (PE)-CD7 (BD Pharmingen, San Jose, CA, USA), allophyco-
cyanin (APC)-CD3 (BioLegend), and PerCP-Cy5.5-CD14 (BioLegend),
were mixed in a Trucount tube. Then, 100 uL of whole peripheral
blood were added to the tube and mixed well. The cells were stained
for 15 min at room temperature. After staining, 1 mL of Cell Lysis
Buffer (BD Biosciences) was added to lyse the red blood cells. After
15 min, the sample was vortexed gently for 10 s and analyzed with
a FACSCalibur flow cytometer (BD Immunocytometry Systems, San
Jose, CA, USA) as soon as possible.

Sorting, cytospin, and Wright-Giemsa
staining

A FACS Aria II SORP flow cytometer (BD Immunocytometry Systems)
was used for cell sorting. Sorted cells were fixed on glass slides by
cytospinning (20xg, 5 min) and subjected to Wright-Giemsa staining.

Flow cytometric analysis

Flow cytometry data were analyzed with FlowJo 9.6 (Treestar, San
Carlos, CA, USA). We defined CD4-positive cells according to the gat-
ing procedure shown in Figure 1. The first gate on the FSC versus SSC
plot was set relatively wide so as not to miss lymphocytes (Figure 14),
because adjacent monocytes and hemolytic debris could be excluded
by subsequent CD14-negative selection (Figure 1B) and CD4-positive
selection steps (Figure 1C). Purified CD4-positive cells were drawn in
a pseudo-color plot (Figure 1E) and in a contour plot (Figure 1F). The
borders among CD7P, CD7D, and CD7N in the CD7 versus CD3 plot
were drawn according to contour lines (Figure 1F). Reference beads
were gated in the PE versus FITC plot, according to the manufactur-
er’s instructions (Figure 1D).
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Table1 Forty-nine samples from 14 patients with acute-type ATL were analyzed.

HSCT before/

during

cb3

At the first flow cytometric evaluation

Average interval

Number

Sex

Age

Patient ID

expression

of analysis

of

analysis

Abnormal
lymphocytes, %

Normal

lymphocytes, %

CD7D, /uL  CD7N,/pL  WBC, /uL

CD7P, /uL

analysis

of ATL cells

(range)

Dim

38.0

7.0
5.7
7.4

7.5

2340
25,020
10,790

12.9 36.4 538.0
15,144.9

247.8

14

38.5(14-63)

62

Dim

71.2

92.9
173.6

3
4
4
4

38
43

Dim

2.4
3.0
8.5
65.4

200.9
116.9
838.5
13,191.0

81.1

28.0(13-43)

Dim

3450
11,310
27,230

7

60
172.7

63.4
5214.6

6

25.0 (14-40)

69
62

Dim

8.5

8.0

17.7 (14~20)

Dim

8.4
12.4

907.7

27

44.5 (30-57)

62

Dim

21.4

3620
10,280
19,050

544.6
290.3
6442.3

26.8
266.4
112.9

116.2
189.5

7

63

Dim

3.8
33.0

15.3

36.2 (12-53)

6
6

67

Dim

3.3
10.3

50 30.0 (14-54) 86.3

50
44

Dim

3.0
33.0

3800
22,840

142.7
6815.1

52.8
184.4
480.3

21.7
683.8

10
11
12
13

Negative
Dim

11.0

16.0 38.0

7550
11,520

312.9 1951.4

129.6
167.1

27.5(27-28)
28.0 (25-32)

3
4

59
72

Dim

5.5

4.0
23.5

397.8
115.7

28.9
164.0

Dim

1.0

4590

29

63

14
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HSCT, hematopoietic stem cell transplantation

The absolute number of cells was accurately calculated from the
ratio of beads to cells in the region of the interest (Figure 1G). For
example, when the total number of beads in a Trucount tube was
52187, the number of CD7N cells in the case in Figure 1 was calculated
as follows: CD7N cells=(5482/100)x(52187/5201)=550.1/uL.

Validation of the flow cytometric
quantification

Cryopreserved PBMCs of acute-type ATL patients were used for vali-
dation of this assay, and CD4+CD7N cells were quantified in the same
way indicated above. As a blank control, phosphate buffered saline
(PBS) was used. The intra-assay variation was assessed by calculat-
ing the coefficient of variation (CV) with 10 different density gradi-
ents ranging from 0 to 30000 cells/uL. Each sample was assayed
six times. The limits of detection (LoD) and quantitation (LoQ) were
also assessed. The LoQ was determined by the lowest concentration
whose six replicates had a CV <20%. The inter-assay variation was
assessed by calculating the CV of multiple determinations of a same
sample measured on different days.

Conventional assessment of morphologically
abnormal lymphocytes

When samples were examined by flow cytometry, total white blood
cell (WBC) counts (normal range, 3500-9100/uL) were performed
mechanically using an XE-2100 system (Sysmex, Kobe, Japan), and
300-400 WBCs per sample were classified by clinical technicians
who were skilled in morphologically classifying ATL cells. Abnormal
lymphocytes were classified according to the guideline of Japanese
Association of Medical Technologists (JAMT). Briefly, lymphocytes
with nuclear abnormalities, such as lobulated nuclei, multiple
nuclei, evident nucleoli, or high nucleo-cytoplasmic ratio, were clas-
sified as abnormal lymphocytes. The absolute number of morpho-
logically abnormal lymphocytes was calculated by multiplying their
percentage by the total number of WBCs.

Measurement of LDH and siL-2R

Disease status was also followed by lactate dehydrogenase (LDH)
and soluble IL-2 receptor (sIL2R). LDH activities were measured
by the lactate-to-pyruvate assay according to the recommenda-
tions of the Japanese Society of Clinical Chemistry (normal range,
106-211 IU/L). Serum sIL-2R levels were measured by ELISA (normal
range, 145-519 U/mL).

Statistical analysis

The correlation between the number of CD7N cells measured by
flow cytometry and the number of abnormal lymphocytes meas-
ured by microscopic counting was assessed by Pearson’s correlation
coefficients (R), Spearman’s correlation coefficients (rho), intra-class
correlation coefficients (ICC), and linear regression coefficients.




4 —— |shigaki etal.: Quantification of ATL cells using flow cytometry DE GRUYTER
@ Lymphocytes @ CD4+Lymphocytes (7040 counts)
|~ Monocytes + Monogytes o* |
FSC 10001 cp14 10 co4 ' |
8001 10%4 Lymphocytes 10
6001
—’_?102
10’
10+ 100 ety
0 200 400 600 8001000 10° 10"/ 10* 10* 10*

ssC ssC co3
pg - 10° 7 (CD7 104~ * CD7P cD7 10*
g;zz) 1/03]/ , (D7 positive) 3
o 107 ; 107
(csozu(:1115) 10°] 2 ‘ 3 CD7D 5 -
10’ 1071 gii: (CD7 dimly-positive) 1077
10° | vy 1 ! 1
10° 10" 10* 10* 10* 1071 | 107
- ~CD7N
(CD4) 1 00 . et , (CD7 negative) 1 00 - == _
100 1 01 102 1 03 1 04 (5482 counts) 100 1 01 1 02 1 03 1 04
@ CD3 CD3
Counts in ROI The number of beads

(the region of interest)

in a Trucount tube

The absolute number [/uL] =

0, L
(the amount of sample)

Figure1 Flow cytometric gating procedure.

Counts in
the beads region

CD4-positive cells were properly defined according to the procedure shown here (A-C). CD4-positive cells were classified into CD7P, CD7D,
and CD7N cells according to the contour lines of a CD7 versus CD3 plot (E, F). Reference beads were gated in the PE versus FITC plot (D). The

absolute number of CD7N cells was calculated using this formula (G).

As data from both measurements followed a log-normal distribu-
tion, these analyses were performed after log-transformation. Bland-
Altman analysis was used to calculate the agreement between flow
cytometric and microscopic counting. In addition, the inverse prob-
ability weighting (IPW) method and mixed model (varying intercepts
and slopes) were used due to the imbalance in sample number and
individual differences between the patients. Kaplan-Meier analysis
with a post hoc log-rank test was performed for disease-specific sur-
vival stratified by whether relative decrease of the CD7N proportion
after the chemotherapy was over 5% or not. Statistical analyses were
performed using the GraphPad Prism software, ver. 6.0c (GraphPad
Software Inc., San Diego, CA, USA) and SPSS software ver. 20 (IBM
Corp., Armonk, NY, USA).

Results

Abnormal lymphocytes are enriched in the
CD7N fraction

Along with our previous research using 12-color flow
cytometry, simple four-color flow cytometry could classify

CD4-positive lymphocytes into three groups of: CD7P, CD7D,
and CD7N (Figure 1). Almost all of CD7-negative cells were
dimly-positive for CD3, except for a case in which CD7-nega-
tive cells were all negative for CD3. In the representative case
of acute-type ATL where the proportions of CD7P, CD7D, and
CD7N in CD4+ cells were 2.7%, 1.7%, and 95.6%, the propor-
tions of abnormal lymphocytes in these three fractions were
0.0%, 6.0%, and 99.0%, respectively. Morphological evalua-
tion showed that almost all CD7N cells were morphological
abnormal, whereas none of the CD7P cells were abnormal.

Intra- and inter-assay variation of this flow
cytometric quantification was low

Toevaluate the precision of our assay, we assessed the intra-
assay CVs of 10 different density gradients. The intra-assay
CVs of samples with the average of 1.2, 2.9, 9.8, 20.5, 42.7,
442.7,1073.7, 8081.2, and 30,729.8 cells/uL were 30.69, 31.17,
5.94, 4.89, 3.64, 4.02, 4.61, 2.45, and 4.98%, respectively. Six
determinations of a blank control were all measured to be
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0 cells/uL. The limit of detection was about 1 cell/uL, and
the limit of quantitation was estimated to be between 2.9
and 9.8 cells/uL. The inter-assay CV was 5.81%.

Correlation between CD7N cells and morpho-
logically abnormal lymphocytes

We found a significant correlation between the number of
CD7N cells and the number of morphologically abnormal
lymphocytes (Pearson’s R=0.963, Spearman’s p=0.921,
and ICC=0.962; Figure 2A). Moreover, the linear regression
coefficient was close to 1 [B=1.013, 95% confidence inter-
val (CI), 0.991-1.034]. The calculated number of CD7N cells
was often similar to the number of morphologically abnor-
mal lymphocytes. In two cases, flow cytometric analysis
detected ATL cells but microscopic counting did not.

In addition, we reassessed the correlation using
the IPW method and the mixed model considering the
imbalance in sample number and individual differences
between patients. Using the IPW method, Pearson’s
R=0.973, Spearman’s p=0.942, and the linear regression
coefficient was 1.010 (95% CI 0.990-1.030). The regression
coefficient was 0.979 (95% CI 0.893-1.064) in the mixed
model. Almost all results were improved from the crude
analysis, and the influences of sampling imbalance and
individual differences were limited.

The Bland-Altman plot showed good agreement
between both measurements (Figure 2B). There seemed to
be little additive or proportional bias.
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The change in the CD7-CD3 profile was
useful to evaluate the effectiveness of
chemotherapy

We then compared the change in a CD7 versus CD3 plot
of CD4-positive cells during chemotherapy between
chemoresistant and chemosensitive cases. The propor-
tion of CD7N cells in chemoresistant cases increased or
did not change, although the absolute number of CD7N
cells decreased slightly. In the case of Figure 34, i.e.,
both the number of ATL cells and lactate dehydroge-
nase (LDH) decreased after the first course of chemo-
therapy, and the response seemed good. Nevertheless,
the CD7-CD3 profile was almost unchanged. After the
second course, all parameters, including the number
of ATL cells and the LDH and soluble interleukin (IL)-2
receptor levels, increased. The disease was not con-
trolled by chemotherapy, and the patient died after 1
month.

In contrast, the CD7-CD3 profile changed dramatically
in clinically good responders who achieved a complete
response or partial response. Representative data are
shown in Figure 3B. In addition to an abrupt decrease in
the absolute number of CD7N cells, the frequency of CD7N
cells among CD4-positive cells decreased significantly,
whereas the frequency of CD7P cells increased. While
a significant proportion of patients with acute-type ATL
cannot undergo HSCT because of uncontrollable disease,
the patient in Figure 3B received allogeneic HSCT after
several courses of chemotherapy.

6000

Average difference = 159.3

95%Cl (-135.2, 453.7)

-
3]
©
w

Average of two measurements [/ul]

Figure 2 The correlation between CD7N cells and abnormal lymphocytes.
The correlation between CD7N cells measured by flow cytometry and abnormal lymphocytes measured microscopically was evaluated using
three correlation tests and a linear regression analysis (A). The agreement between the two measurements was analyzed with a Bland-

Altman plot (B).




6 —

Before treatment

co7
10*

CD14(-)/CDA(+)

10%

Ishigaki et al.: Quantification of ATL cells using flow cytometry

After the first course of chemotherapy

CD14(-)/CDA4(+

DE GRUYTER

After the second course of chemotherapy

mp
10"
1 v 4 10°; 0 4
10° 10" 10% 10® 10* cD3 10° 10" 10° 10® 10* cps3 10° 10" 10® 10® 10* cp3
CD7N cells 2653 /L D7N ce 4716
WBC 11310 /ul WBC 8020 /uL WBC 7540 /uL.
Abnormal Lymphocytes 8.5% Abnormal Lymphocytes 3.4% Abnormal Lymphocytes 7.0%
LDH 405 1U/L LDH 347 1U/L LDH 355 1U/L
sIL-2R 6450 U/mL sIL-2R 9950 U/mL sIL-2R 12100 U/mL
Before treatment After the first course of chemotherapy @
The proportion of CD7N
CD74 after chemotherapy
10 =l 1004
~®- Decreased
10%4 g - Increased or unchanged
mp ¢ | o :
€ 50
’ : d
10°1 19.1% - g N
PR (4 P K p=0.003
10° 10' 10* 10° 10* cp3 10° 10" 10* 10 10* cp3
D e 44.6 » o
WBC 3620 /uL WBC 4200 /uL 0 v T v —
Abnormal Lymphocytes|  21.4 % Abnormal Lymphocytes| 1.7 % 0 200 400 600 800 1000
LDH 718 U/L LDH 242 1U/L
SIL-2R 73300 U/mL] SIL-2R 1490 U/mL Days elapsed

Figure 3 The CD7-CD3 profile allowed for an assessment of chemotherapy efficacy and could predict prognosis.

A patient with an almost unchanged CD7-CD3 profile after the first course of chemotherapy had an unfavorable prognosis after the second
course (A). In contrast, a patient that showed a good clinical response to chemotherapy exhibited marked changes in the CD7-CD3 profile
after only one course of chemotherapy (B). Kaplan-Meier suvival curves showed ATL patients with decreased CD7N proportion after chemo-
therapy showed significantly longer disease-specific survival (p=0.003) (C).

The pattern of change in the CD7-CD3 profile was
observed repeatedly in many patients to reflect the effec-
tiveness of chemotherapy, and these results suggested
that the change in the CD7-CD3 profile is useful to assess
the effect of chemotherapy.

ATL patients with decreased CD7N propor-
tion after chemotherapy showed longer
disease-specific survival

Next, we focused on the first chemotherapy during flow
cytometric analyses periods, and examined the relation
between the prognosis and the change of clinical param-
eters (Table 2). Consequently, the CD7N proportion was
picked up, and acute-type ATL patients were classified into
two groups by the relative change of the CD7N proportion

after the chemotherapy. The CD7N proportion was consid-
ered decreased when a relative decrease of more than 5%
was achieved after chemotherapy compared with the one
before the chemotherapy. ATL patients with decreased
CD7N proportion after chemotherapy showed longer sur-
vival than ones with unchanged or increased (Figure 3C).
A log-rank test showed that there was a significant differ-
ence between the two groups (p=0.003). The difference
suggested that the change in the CD7N proportion could
be more important to predict the prognosis.

Discussion

Based on our previous studies [11, 13], we applied research
findings to a clinical test. We made the procedure as
simple as possible to maximize practicality after several
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Table 2 The change of clinical parameters after the first chemotherapy.

After chemotherapy Change of CD7N HSCT after flow Outcome (days after post-

Before chemotherapy

Patient ID

cytometric chemotherapy evaluation)

proportion after

sIL-2R,

Proportion  Absolute number LDH,

siL-2R,

LDH,

Proportion  Absolute number

analysis

chemotherapy

U/mL

1u/L

of CD7N, /uL

of CD7N,%

U/mL

1u/L

of CD7N, /L

of CD7N, %

Died of ATL (7)
Died of ATL (93)

Increased

27,700 Unchanged

651
108
273
717
347
283
242
200
392

115.2
5479.9

774 22,600 96.1

272 24,100

538.0
15,144.9

91.6

97.4

97.8

Died of ATL (322)
Died of ATL (28)
Died of ATL (54)

Died of ATL (83)
+ Alivein CR(828)

+

7420 Decreased

72.8
181.2

37.6

4200
4040
6450
11,700

376
446
405
633

200.9
116.9
838.5
13,191.0

44.1

Increased
Increased

3500 Decreased

1490 Decreased

2300 Decreased
21,400 Unchanged

22,200

60.7
80

48.5

9950

265.3
2640.0

5

77.7

+

57.9

68.3

73.1
796.5
3859.2

544.6 718 73,300 19.1

290.3
6442.3

79.2

Died of infection (152)?

Died of ATL (270)
+ Alivein CR(565)

30.9

3500
17,200
15,500

259
655

38.9

+

96.2
6
5

97.0

2840 Decreased
1420 Decreased
7820 Decreased

238
169
452

577.1

5.2
9.6

14.3

582
251
293

1951.4

71.1

12
13
14

Alive in CR (559)

335.6

6340
5230

397.8

71.5

Transferred to another hospital (217)?

29.7

115.7

25.9

aATL was under control when patients were censored.
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trials, and finally established a practical flow cytometry
method to quantify acute-type ATL cells.

Flow cytometry is highly sensitive in detecting
minimal residual disease (MRD) of hematological malig-
nancies. Similar flow cytometric approach for detection
of MRD in ATL was reported previously, and a multi-par-
ametric approach using CD2, CD3, CD4, CD5, CD7, CD25,
CD26, and CD27 was useful for detection of ATL cells [14].
We established here a more practical and easier flow
cytometric method using only CD3, CD4, CD7, and CD14.
Moreover we limited the use to acute-type ATL cases
because our previous studies showed the expression of
cell surface antigens on ATL cells was slightly different
among subtypes.

Combination of gates is also important and character-
istic of our method. We showed here all the procedures
including gating and quantification so that the method
could be easily applied in other hospitals. This test pro-
vides accurate quantification of CD7N lymphocytes
achieved by establishing an appropriate gating procedure
(Figure 1). As a first gate, two methods are generally used
to gate lymphocytes. One is FSC versus SSC gating, and
the other is CD45 versus SSC gating [15]. The latter method
is often used to analyze malignant hematologic diseases
and eliminate red blood cell debris but is not conveni-
ent to analyze ATL cells because these occasionally lose
[16] or express a high level of CD45. Therefore, we applied
FSC versus SSC gating for lymphocyte gating. Moreover,
eliminating monocytes is necessary to precisely enumer-
ate CD7N lymphocytes because monocytes are weakly
positive for CD4 and negative for CD7. Hence, we gated out
monocytes carefully by CD14 staining before CD4-positive
selection. Combination of the first wide lymphocyte gate
and the following two strict gates enabled purification of
CD4-positive lymphocytes without excess or deficiency.
Then, CD7N cells were defined according to the contour
lines in a plot of CD4-positive lymphocytes. Drawing the
border between CD7D and CD7N cells was easy because
contour lines clearly and horizontally separated these two
populations. In contrast, the border between CD7P and
CD7D cells was sometimes difficult to determine; thus,
further improvement may be needed. However, the latter
border is not necessary to estimate the number of ATL
cells using this method.

Although the number of ATL cells is currently esti-
mated based on morphologically abnormal cells, mor-
phological evaluation of ATL cells often differs between
examiners. Particularly, morphological enumeration
by inexperienced examiners tends to be inaccurate.
We therefore assessed here the correlation between the
number of CD7N cells and the number of morphologically
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abnormal lymphocytes evaluated only by experienced
technicians (Figure 2A). As expected, a strong correla-
tion was identified. It is noteworthy that the regression
coefficient was very close to 1.0. This new flow cytometric
method is useful for accurate evaluation of ATL cells. Fur-
thermore, only flow cytometry detected ATL cells in two
cases. As the validation study of the assay showed very
low limits of detection and quantitation, flow cytometry
could detect ATL cells more sensitively than microscopic
counting.

The Bland-Altman plot also showed good agree-
ment and the relatively small average difference between
the two measurements (Figure 2B). However, the three
samples with the highest WBCs had high differences
between the two methods. While flow cytometry allows
rapid and accurate analysis of a much larger number of
cells, manual counting has limitations in accuracy and
the number of counts. Since the absolute number of mor-
phologically abnormal lymphocytes was calculated by
multiplying their percentage by the total number of WBCs,
the margin of error in microscopic counting tended to get
larger as the number of WBCs got higher. Although the
relative differences between the two methods were gener-
ally not so high, these findings suggested the number of
abnormal lymphocytes in samples with high WBC counts
should be carefully examined.

This flow cytometry-based method has many advan-
tages compared to PVL. First, flow cytometry allows for
calculation of the absolute number of ATL cells, which is
not affected by the number of other cells. Second, intra-
and inter-assay variations of our method were confirmed
to be low. The inter- and intra-laboratory variabilities
of the ProCOUNT method are also known to be low {17].
Therefore, this flow cytometric method is precise and can
be easily standardized. Third, it is practical and takes no
more than 1 h.

In addition to its usefulness for quantitation, we also
found that the change in the CD7-CD3 profile discrimi-
nated cases sensitive to chemotherapy and may predict
prognosis (Figure 3A and B). Serum sIL2R and LDH
levels are also clinically important [18, 19], but they are
not as specific for disease status because they are influ-
enced by other factors, such as infection, inflammation,
and hemolysis. Patients with a better prognosis tended
to have a markedly better change in the CD7-CD3 profile
after only one course of chemotherapy. In contrast, cases
with unchanged or worse CD7-CD3 profiles after one
course of chemotherapy tended to have an unfavorable
prognosis after the second course, even if the number
of ATL cells decreased, or the levels of sIL-2R and LDH
improved initially.
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From various parameters of the CD7-CD3 profile, we
had tried picking up prognostic indicators. We focused
on the first chemotherapy, and examined the change
of various clinical parameters (Table 2) and their rela-
tion with survival. Needless to say, the number of CD7N
cells, as the number of ATL cells, was important to evalu-
ate the disease status through the follow-up, and robust
reduction of the number of CD7N cells was necessary
for a better prognosis. However, the change of the CD7N
proportion seemed more sensitive. We examined the
relationship between the disease-specific survival and
the relative change of the CD7N proportion after chemo-
therapy. Although the number of patients was limited, it
is noteworthy that patients with decreased CD7N propor-
tion had significantly longer survival (Figure 3C). Further
accumulation of cases and longer follow-up are warranted
to elucidate the ability of this method to predict prognosis.

Our experience suggests that this method can be
applied to almost all patients with acute-type ATL.
However, some limitations should be noted. First, this
method did not accurately detect ATL cells in patients
who had undergone HSCT, as downregulation of CD7 in
CD4-positive non-ATL lymphocytes was observed in most
cases [20]. Second, this method cannot identify ATL cells
in rare cases in which ATL tumor cells lack CD4 expression
or express CD7. Therefore, a brief confirmation of the ATL
phenotype using other surface markers is recommended
before flow cytometric quantification.

In summary, we established a clinical test to accu-
rately quantify ATL cells in patients with acute-type ATL
using simple four-color flow cytometry. This newly estab-
lished clinical application of ‘HAS-Flow’ will provide
more accurate enumeration of ATL cells and assessment
of chemosensitivity.
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INTRODUCTION

Chronic graft-versus-host disease (GVHD) is the most

ABSTRACT

Chronic graft-versus-host disease (GVHD) remains a major late complication of allogeneic bone marrow
transplantation (BMT). In a previous study, impaired thymic negative selection of the recipients permitted the
emergence of pathogenic T cells that cause chronic GVHD using MHC class ll-deficient (H2-Ab1 KO) B6 into
C3H model and CD4* T cells isolated from chronic GVHD mice caused chronic GVHD when administered into
the secondary recipients. In this study, we evaluated the kinetics of regulatory T cell (Treg) reconstitution in
wild type B6 into C3H model. After myeloablative conditioning, host Tregs disappeared rapidly, followed by
expansion of Tregs derived from the donor splenic T cell inoculum. However, the donor splenic T cell-derived

. Treg pool contracted gradually and was almost completely replaced by newly generated donor bone marrow

(BM)-derived Tregs in the late post-transplantation period. Next, we compared the effects of cyclosporine
(CSA) and mammalian target of rapamycin (mTOR) inhibitors on Treg reconstitution. Administration of CSA
significantly impaired Treg reconstitution in the spleen and thymus. In contrast, BM-derived Treg reconsti-
tution was not impaired in mTOR inhibitor-treated mice. Histopathological examination indicated that mice
treated with CSA, but not mTOR inhibitors, showed pathogenic features of chronic GVHD on day 120. Mice
treated with CSA until day 60, but not mTOR inhibitors, developed severe chronic GVHD followed by adoptive
transfer of the pathogenic CD4™ T cells isolated from H2-Ab1 KO into C3H model. These findings indicated
that long-term use of CSA impairs reconstitution of BM-derived Tregs and increases the liability to chronic
GVHD. The choice of immunosuppression, such as calcineurin inhibitor-free GVHD prophylaxis with mTOR
inhibitor, may have important implications for the control of chronic GVHD after BMT.

© 2014 American Society for Blood and Marrow Transplantation.

(mTOR) inhibitor, rapamycin (RAPA), in refractory chronic
GVHD patients {7-10]. However, a recent randomized trial

serious late complication after allogeneic hematopoietic
stemn cell transplantation, but the pathophysiology and
treatment strategy of chronic GVHD remain poorly defined
{1~3]. GVHD prophylaxis using calcineurin inhibitors, such as
cyclosporine (CSA) and tacrolimus, reduces the expansion of
effector T cells by blocking interleukin (IL)-2 and prevents
acute GVHD, but fails to reduce chronic GVHD {451
Administration of CSA for up to 24 months, longer than the
standard 6 months of CSA, also did not decrease the risk of
chronic GVHD {6}, Several studies have indicated that the
efficacy and safety of mammalian target of rapamycin
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showed that the combination of RAPA and tacrolimus as
GVHD prophylaxis failed to reduce chronic GVHD compared
with tacrolimus and methotrexate {11].

CD4"CD25%Foxp3™ regulatory T cells (Tregs) have been
shown to play an important role in the establishment of
tolerance between recipient tissues and donor-derived im-
munity. A series of animal studies indicated that Tregs in the
inoculum can prevent acute GVHD when injected together
with donor T cells [ 12-14]. Based on the role of Tregs in the
prevention of GVHD and on their dependence on IL-2, there is
considerable concern regarding the impact of blocking IL-2
signaling or IL-2 production by the immunosuppressive
agents used for prophylaxis of GVHD. Zeiser et al. reported
that Tregs showed relative resistance to RAPA as a result of
reduced usage of the mTOR pathway and functional phos-
phatase and tensin homolog, a negative regulator of the
phosphatidyl-inositol 3-kinase/Akt/mTOR pathway in Tregs

tter © 2014 American Society for Blood and Marrow Transplantation.
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Figure 1. Regulatory T cell reconstitution after allogeneic BMT. Lethally irradiated C3H (H-2*) recipient mice received 10 x 10 T cell-depleted bone marrow (TCD-
BM) cells from B6.Ly-5a (H-2°,CD45.1) mice withjwithout 1 to 2 x 10° spleen cells from B6 (H-2°,CD45.2) mice. The syngeneic group received transplantation from
C3H mice. (A) Survival: the recipients of allogeneic BM plus 1 x 10° spleen cells (BM plus Sp cells) showed a survival rate of 60% by day 120. Open circle, syngeneic;
closed circle, TCD-BM cells only; triangle, -with 1 x 10° spleen cells; square, -with 2 x 10° spleen cells. (B) Origin of CD4*Foxp3™* Treg in the spleen on day 21 post
transplantation: CD45.2"* splenic T cell-derived (white bars) and CD45.2~ BM—derived (black bars) are shown. (C) The absolute numbers of Treg in the recipients of
BM plus Sp cells (triangles) and TCD-BM (closed circles) are shown. Each group consisted of 7 to 25 mice. The means (+SE) of each group are shown. Data are from a

representative of at least 3 independent experiments. *P < .05; **P < .01.

compared with conventional T cells {151 In contrast to CSA,
RAPA allowed expansion of adoptively transferred Treg cells
and led to reduction of alloreactive T cell expansion when
animals received Treg treatment in combination with RAPA.
They also showed that a combination of RAPA plus IL-2
increased both expansion of donor natural Tregs and con-
version of induced Tregs from donor conventional T cells, and
suppressed acute GVHD | 16}. These animal data suggest that
RAPA and CSA have differential effects on peripheral Tregs
after bone marrow transplantation (BMT).

IL-2 signaling is pivotal for Treg homeostasis in the pe-
riphery and is also essential for naturally occurring Treg
development in the thymus | 17-181. T cell repopulation after
BMT is composed of 2 subsets: T cells derived from the donor

splenic T cell inoculum and newly arising T cells from bone:

marrow (BM) inoculum. It has been shown that Tregs from
the former pathway play an important role in acute GVHD,
whereas, no previous study evaluated whether use of CSA for
an extended period affects donor BM-derived Treg genera-
tion. We hypothesized that BM-derived Tregs comprise the
long-term peripheral Treg pool and that CSA, but not mTOR
inhibitors, causes impaired BM-derived Treg reconstitution,
which has a negative effect on chronic GVHD. In the present
study, we therefore evaluated effects of different immuno-
suppressants on 2 distinct Treg expansion reconstitution
pathways and on the development of chronic GVHD.

MATERIALS AND METHODS
Mice

Female C57BL{6 (B6: H-2°, CD45.2%) and C3H/HeN (C3H: H-2¥) mice were
purchased from Charles River Japan (Yokohama, Japan) or from the Okayama
University mouse colony (Okayama, Japan). B6-Ly5a (H-2°, CD45.17%) and
C3.5W (H-2%, CD45.27) mice were purchased from Jackson Laboratory (Bar
Harbor, ME). B6-background MHC class ll-deficient H2-Ab1~/~ mice (B6.129-
H2-Ab1™1C™ N12) were from Taconic Farms (Germantown, NY) {261 Mice
between 8 and 18 weeks of age were maintained under specific pathogen-
free conditions and received normal chow and hyperchlorinated drinking

water after transplantation. All experiments involving animals were
approved by the Institutional Animal Care and Research Advisory Comrmittee,
Okayama University Advanced Science Research Center.

BMT

Mice underwent transplantation according to the standard protocol
described previously {21,221, Briefly, recipient mice received 2 split doses of
either 500 cGy (allogeneic C3H and C3.SW recipients) or 650 cGy (syngeneic
B6 recipients) total-body irradiation (TBI) 3 to 4 hours apart. Recipients were
injected with 10 x 10° T cell-depleted bone marrow (TCD-BM) cells plus 1 or
2 x 108 whole spleen cells from B6 donors, [H2-Ab1 ™/~ — C3H] chimeras were
produced by reconstituting lethally irradiated C3H mice with 5 x 105 TCD-BM
cells from H2-Ab1~/~ mice, as described previously {231 T cell depletion was
performed using anti-CD90—microbeads and an AutoMACS system (Miltenyi
Biotec, Auburn, CA) according to the manufacturer’s instructions. Donor cells
were injected intravenously into the recipients on day 0.

Immunosuppressive Treatment

RAPA was purchased from Toronto Research Chemicals Inc. (North York,
ON, Canada). Everolimus (RAD) and CSA were synthesized and provided by
Novartis Pharma AG (Basel, Switzerland). Everolimus emulsion was dis-
solved in distilled water at a concentration of 625 pg/mL and administered
to recipients by oral gavage at a dose of 5 mg/kg. RAPA and CSA were given as
suspensions in carboxymethylcellulose sodium sait: CMC (C5013; Sigma-
Aldrich, St. Louis, MO) at a final concentration of .2% CMC. RAPA and CSA
were administered to recipients by peritoneal injection at doses of .5 and
20 mg/kg, respectively {1524} Immunosuppressive treatments were per-
formed once daily, starting on day 0 and continuing until death or end of the
observation period (day 110 to 125). :

Adoptive Transfer

Splenocytes were isolated from [H2-Ab1~/~—C3H] chimeras 6 to
11 weeks after TCD-BMT. CD4™ T cells were negatively selected from sple-
nocytes by depletion of CD8%, DX5%, CD11b*, Ter-119%, and B220™ cells
using the AutoMACS systern, as described previousl Atotal of 2 x 107
CD47 T cells per mouse were injected intravenously into recipients after
immunosuppressive therapy for 70 days after BMT.

Assessment of GVHD

After BMT, survival was monitored daily, and weight changes were
assessed twice per week. The degree of clinically acute GVHD was assessed
twice per week using a scoring system that sums changes in 5 clinical



