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Tdhle 2 Vaccinations recommended by The Iapdn Soucty for Hemat,opomn( Lcll demplanmtxon“‘

\umune 'Imu post -HCT to initiate vaccine No. of doses
23-valent pneumococcal 6-12 months without active cGVHD 1?
Haemophilus influenaze conjugate 6-12 months without active cGYHD 3
Tetanus. diphtheria, acellurlar pertussis 6-12 months without active cGVHD 3
Recombinant hepatitis B 6-12 months without active cGVHD 3b
Inactivated influenza 6-12 months without active cGVHD 1-2¢
Measles-rubella 24 months without active GVHD or on immunosuppression 1
Measles 24 months without active GVHD or on immunosuppression 1
Rubella 24 months without active GVHD or on immunosuppression 1
Mumps 24 months without active GVHD or on immunosuppression 1
Varicella 24 months without active GVHD or on immunosuppression 1
BCG not vaccinate

Japanese B encephalitis

when travelling to endemic arcas

¢ >2 years of age
b Family members of HBs antigen positive carrier
¢ <13 years of age, two doses are recommended

Table 3 Qur criteria to initiate live attenuated vaccines since April 2009

1. M(;sre than 24 months after tr ansplam

2. No active chronic GVHD and immunosuppressive therapy

3. Less than 6 years old: lymphocyte count > 1,500/l or CD4 cell count >700/ud
6 years old or more: lymphocyte count > 1,000/ zd or CD4 cell count > 500/ ul

4. Phytohemagglutinin response (PHA) normal and serum IgG > 500 mg/d/

5. More than 3 months after any transfusions and intravenous immunoglobulin and

more than 6 months after high dose intravenous immunoglobulin
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Summary

To evaluate haematopoietic stem cell transplantation (HSCT) in children
and adolescents, we reviewed the records of 47 patients who were
<18 years, had relapsed or refractory anaplastic large cell lymphoma, and
received HSCT between 1990 and 2010. At HSCT, complete remission
(CR) was less common in allogeneic HSCT recipients (n = 24) than in
autologous HSCT recipients (n = 23) (P = 0-01). The autologous and allo-
geneic HSCT groups differed in terms of 5-year event-free survival (EFS)
(38% vs. 50%, P = 0-63), cumulative incidence of progress or relapse (49%
vs. 28%, P =0-25), and treatment-related mortality (12% vs. 25%,
P = 0-40). However, these differences were not significant. Patients with
non-CR at autologous HSCT had a significantly lower EFS rate (14% vs.
48%, P = 0-03). Conversely, although those with non-CR at allogeneic
HSCT had a lower EFS rate, this was not significant (44% vs. 63%,
P = 0-26). Reduced-intensity conditioning regimens were used for three of
the 16 allogeneic HSCTs received by patients with non-CR. These three
patients achieved CR, surviving 32-65 months after HSCT. These results
demonstrated that allogeneic HSCT might be a treatment option for
patients who do not achieve CR through conventional chemotherapy.

Keywords: anaplastic large cell lymphoma, children, adolescents, haemato-
poietic stem cell transplantation, reduced-intensity conditioning.
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Anaplastic large cell lymphoma (ALCL) is rare in children,
10-15% of childhood non-Hodgkin
lymphoma cases (Murphy, 1994). The event-free survival

accounting  for

(EFS) rate is 65-75% in children and adolescents receiving a
first-line strategy based on short-pulse chemotherapy over a
period of 3-6 months (Brugitres ef al, 1998, 2009a; Seide-
mann et al, 2001; Le Deley ef al, 2010). Accordingly, the
relapse rate is approximately 30% in most study series. The
treatment of relapsed and refractory ALCL remains a matter
of debate. Patients with relapsed ALCL have a 30-60%
chance of survival under current treatment strategies, which
include high-dose chemotherapy with haematopoietic stem
cell transplantation (HSCT) and long-term treatment with
vinblastine (Brugitres et al, 2000, 2009b; Williams et al,
2002; Mori et al, 2006; Woessmann et al, 2006; Stockklaus-
ner et al, 2008; Gross ef al, 2010). In contrast, patients who
experience ALCL progression during first-line chemotherapy
have extremely poor outcomes (Woessmann ef al, 2006) and
autologous or allogeneic HSCT is required as the most
appropriate therapy.

Some evidence is available regarding the roles of autolo-
gous and allogeneic HSCT in paediatric ALCL. However,
data are limited to several HSCT case series and case
reports. In particular, few reports have been published
regarding allogeneic HSCT for paediatric ALCL. We previ-
ously reported a retrospective analysis of 26 paediatric
patients with recurrent ALCL in Japan (Mori et al, 2006).
In that study, only three of the eight patients who received
autologous HSCT while in their second complete remission
(CR) survived without further relapse. In contrast, all six
patients who received allogeneic HSCT while in  their
second CR survived without further relapse. However, our
previous study included too few patients for us to discuss
the efficacy of HSCT for relapsed or refractory childhood
ALCL.

In the present study, we sought to evaluate the efficacy of
HSCT for relapsed or refractory ALCL in children and ado-
lescents. We performed a further retrospective analysis of 47
patients who received autologous or allogeneic HSCT for
relapsed or refractory ALCL between 1990 and 2010.

Patients and methods

Patients and transplantations

This study was approved by the institutional ethics committee
of National Kyushu Cancer Centre. Data on patients who had
undergone HSCT were collected from the registries belonging to
the Transplant Registry Unified Management Program system
of the Japan Society for Hematopoietic Cell Transplantation.
The study included 47 patients who had a diagnosis of relapsed
or refractory ALCL and received HSCT at age <18 years
between March 1990 and September 2010. Twenty-three
patients received autologous HSCT and 24 patients received
allogeneic HSCT. Refractory disease was defined as progression
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during fist-line treatment. Reduced-intensity conditioning
(RIC) regimens were defined as (a) total body irradiation of
<500 ¢Gy as a single fraction or =800 <Gy if fractionated, (b)
<9 mg/kg of busulfan, (c) <180 mg/m® of melphalan, (d)
<10 mg/kg of thiotepa, or () the BEAM regimen (carmustine,
etoposide, cytarabine and melphalan), according to previous
reports (Yaniv & Stein, 2008; Giralt et al, 2009; Ohta et al, 2010;
Luger et al, 2012). All other conditioning regimens were defined
as myeloablative conditioning (MAC) regimens.

Statistical analysis

Overall survival (O8), EFS, cumulative incidences of relapse
and treatment-related mortality (TRM) were estimated using
the Kaplan-Meier method. The Mann-Whitney U test, 3’
test, and Fisher’s exact test were used to assess differences in
patient characteristics. The level of statistical significance was
set at P < 0-05. All analyses were performed using spss ver-
sion 11.0 (SPSS Inc., Chicago, IL, USA).

Results

Autologous HSCT

The patients’ characteristics are shown in Table I. Twenty-
three patients received autologous HSCT for relapsed or
refractory disease as their first transplantation. The median
follow-up duration for survivors after autologous HSCT was
154 (range: 9-224) months. The median age at HSCT was 15
(range: 7-18) years. Sixteen patients had achieved CR at HSCT
and seven patients had residual disease. Bone marrow and
peripheral blood were the stem cell sources in three and 20
patients, respectively. Engraftment was observed in 23 (100%)
cases, occurring at a median of 12 d. The 5-year cumulative
incidence of relapse was 49% =+ 11% (Fig 1A). Treatment-
related death occurred in three of the patients who received
autologous HSCT and the 5-year cumulative incidence of
TRM was 12% -+ 9% (Fig 1B). Two of the three patients died
of infectious complications and one patient died of multiple
organ failure. The 5-year OS and EFS rates were 51% + 11%
and 38% =+ 10%, respectively (Fig 2A, B). We observed 5-year
EFS rates of 48% = 13% and 14% =% 13% for patients with
CR and non-CR, respectively, at autologous HSCT (Fig 3A),
which constituted a significant difference (P = 0-03).

Allogeneic HSCT

Twenty-four patients received allogeneic HSCT for relapsed
or refractory disease (Table I). The median follow-up
duration for survivors after allogeneic HSCT was 68 (range:
32-212) months. The median age at HSCT was 13-5 (range:
3-18) vears. Of the 24 patients, four had received previous
autologous HSCT. Eight patients had achieved CR at HSCT
and 16 patients had residual disease (Table 1). The sources of
stem cells were bone marrow in 13 patients, cord blood in

© 2014 John Wiley & Sons Ltd
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Table 1. Characteristics of patients with relapsed or refractory ALCL
according to the receipt of autologous or allogeneic HSCT.

Autologous Allogeneic p
Patients (n) 23 24
Age at HSCT (years)
Median 15 . 135 0-27
Range 7-18 3-18
Sex
Male 17 21 0-24
Female 6 3
Stage at diagnosis
1 0 0-36
1t 3 4
11 11 6
v 8
Unknown 6
Disease status at HSCT
CR2/CR>3 14/2 5/3 0-01
Non-CR 7 16
Conditioning
TBI/TLI based 7/1 1711 006
Non-TBI based 15 6
Stem cell source
BM 3 13
PB 20 5
CB 0 6
Donor
MRD - 7
MUD - 2
MMRD - 6
MMUD - 7
Unknown - 2

HSCT, haematopoietic stem cell transplantation; CR, complete
remission; BM, bone marrow; CB, cord blood; PB, peripheral blood;
MRD, matched related donor; MUD, matched unrelated donor;
MMRD, mismatched related donor; MMUD, mismatched unrelated
donor; TBI, total body irradiation; TLI, total lymphoid irradiation.

six patients and peripheral blood in five patients. Seven
patients had human leucocyte antigen (HLA)-matched
related donors, and two patients received stem cells from
HLA-matched unrelated donors. Thirteen patients had HLA-
mismatched donors. Engraftment was observed in 21 (88%)
cases, occurring at a median of 17 d. Two patients died of
infection and one died of disease progression before engraft-
ment. The 5-year cumulative incidence of relapse was
28% + 10% (Fig 1A). Treatment-related death occurred in
five patients; four patients died of infectious complications
and one patient died of acute graft-versus-host disease
(GVHD). The 5-year cumulative incidence of TRM was
25% + 10% (Fig 1B). Acute GVHD of any grade occurred
in 13 patients, nine of whom had grade II-IV GVHD. The
5-year OS and EFS rates were 54% + 10% and 50% =+ 10%,
respectively (Fig 2A, B). Seven of 24 patients had multiple
relapses before their HSCT; the 5-year EFS rates among
patients with and without multiple relapses were

© 2014 John Wiley & Sons Ltd
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43% £ 19% and 53% £ 12%, respectively (P = 0-67). We
observed 5-year EFS rates of 63% =+ 17% and 44% =+ 12%
among patients with CR and those with non-CR respectively,
at allogeneic HSCT (Fig 3B), which did not constitute a
significant difference (P = 0-13).

At HSCT, CR was less common among allogeneic HSCT
recipients than it was among autologous HSCT recipients
(P = 0-01). However, there were no significant differences
between the autologous and allogeneic HSCT patients in
terms of cumulative incidence of relapse (P = 0-25), cumula-
tive incidence of TRM (P = 0-40), 5-year OS (P = 0-95) or
5-year EFS (P = 0-63).

RIC regimens

Of the 24 patients in the allogeneic group, four underwent
allogeneic HSCT using RIC. Their outcomes are shown in
Table II. One of the four patients died of bacterial infection
and the other three patients survived in CR without relapse
after allogeneic HSCT. Interestingly, none of these three
patients were in CR at HSCT.

Discussion

Currently, the efficacy and toxicity of HSCT are poorly
defined for childhcod cases of relapsed or refractory ALCL.
Evidence is especially lacking in regards to the efficacy and
toxicity of allogeneic HSCT. The present study included 23
patients who underwent autologous HSCT and 24 patients
who underwent allogeneic HSCT. Each of the patients was a
child or adolescent who had relapsed or refractory ALCL and
underwent HSCT in Japan. This report comprises the largest
cohort concerning allogeneic HSCT for relapsed or refractory
ALCL in childhood.

The Berlin-Frankfiirt-Miinster (BFM) cohort had efficacies
of autologous HSCT (77% OS and 59% EFS among 39 chil-
dren with relapsed ALCL) that lie at or above the upper range
of previously reported series (Woessmann et al, 2011). In
national case series from the United Kingdom and France, one
of six and nine of 15 patients stayed in continuous CR (Bru-
gieres et al, 2000; Williams er al, 2002; Woessmann et al,
2011). The Center for International Blood and Marrow Trans-
plant Research (CIBMTR) has reported another large series of
autologous HSCTs that were performed for ALCL, noting an
EFS of 35% in 24 patients (Gross et al, 2010). Previously, we
have reported a retrospective analysis of relapsed ALCL, which
included 26 patients in Japan (Mori et al, 2006). Three of the
eight patients who underwent autologous HSCT survived in
continuous CR. In the current study, the 5-year OS rate, EFS
rate and cumulative incidence of relapse among the 23
patients who underwent autologous HSCT were 51%, 38%
and 49%, respectively. These results are similar to the findings
of a previous CIBMTR report (Gross et al, 2010). In a study
of 64 adult and paediatric cases of autologous HSCT for
ALCL, Fanin et al (1999) reported that disease status at HSCT
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Table II. Details and outcomes of patients treated with reduced intensity conditioning and allogeneic HSCT.

Status Age at Stem cell  Conditioning GVHD aGVHD  Extensive Follow-up
Patients at HSCT  HSCT (years) Donor  source regimen prophylaxis  (Grade) c¢GVHD Outcome  (months)
1 PR 3 Ub CB TLI 2 Gy, Flu, Mel  Tac, MTX 11T . CR . 32
2 PR 9 UD CB Flu, Mel Tac, MTX I — CR 65
3 CR 18 Uub BM Flu, Mel, ATG Tac, MTX 0 NA TRM 5
4 PR 16 UD BM Bu, Flu Tac, MTX I + CR 33

HSCT, haematopoictic stem cell transplantation; CR, complete remission; PR, partial remission; UD, unrelated donor; BM, bone marrow; CB,
cord blood; TLI, total lymphoid irradiation; Bu, busulfan; Flu, fludarabine; Mel, melphalan; ATG, antithymocyte globulin; GVHD, graft-versus-
host disease; Tac, tacrolimus; MTX, methotrexate; aGVHD, acute GVHD; ¢GVHD, chronic GVHD; TRM, treatment-related mortality; NA, not

applicable.

had predictive value for OS and EFS. In the current study, the
EFS of the patients with CR at autologous HSCT was signifi-
cantly higher than that of the patients with non-CR at autolo-
gous HSCT. Brugieres et al (2000) reported that an interval of
<12 months between diagnosis and relapse was associated
with a higher risk of failure for the treatment of relapsed
ALCL, including autologous HSCT. However, our cohort did
not provide sufficient data to compare the risk of failure with
the interval between diagnosis and relapse.

The role of allogeneic HSCT has not been defined for cases
of childhood ALCL. The currently available evidence is lim-
ited to a few reports. The BEM group reported a series of 20
paediatric patients who underwent allogeneic HSCT for
relapsed or refractory ALCL, finding a 75% 3-year EFS
(Woessmann et al, 2006). Twelve of the patients in this study
were in CR at HSCT. The CIBMTR has reported another large
series of allogeneic HSCTs that were performed for ALCL,
observing an EFS of 46% for 12 relapsed or refractory patients
(Gross et al, 2010). Giulino-Roth et al (2013) also reported
the cases of 13 paediatric patients with ALCL, eight of whom
underwent autologous HSCT and five of whom underwent
allogeneic HSCT. The OS and disease-free survival rates were
83% and 77%, respectively. Although our previous study
noted that all six patients who underwent allogeneic HSCT
during their second CR survived without further relapse
(Mori er al, 2006), 5-year OS and EFS rates were limited to
54% and 50% in the present study. Patients who underwent
allogeneic HSCT while in CR accounted for only eight of the
24 cases. Indeed, the rate of CR at HSCT was lower in the
current study than in previous reports of allogeneic HSCT. In
the present study, we found no significant difference in EFS
according to disease status (CR or non-CR) at allogeneic
HSCT. However, the low CR rate at allogeneic HSCT might
be associated with the survival rate in the current study,
which was lower than the rates noted in previous reports.

In the present study, we observed a 25% TRM rate among
patients who underwent allogeneic HSCT for relapsed and
refractory disease. Although the cumulative incidence of
TRM for allogeneic HSCT was higher than that for autolo-
gous HSCT, the difference was not significant (P = 0-40)
(Fig 1B). Several investigations have shown that RIC
followed by allogeneic HSCT has the potential to reduce

© 2014 John Wiley & Sons Ltd
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TRM and long-term toxicity in cases of malignant and non-
malignant diseases (Carella et al, 2000; Dreger er al, 2003;
Jacobsohn et al, 2004; Bradley et al, 2007). The BEM cohort
of allogeneic HSCTs included one case in which an RIC regi-
men was administered to a patient with ALCL. The RIC regi-
men comprised total lymphoid irradiation (2 Gy),
fludarabine and melphalan (Brugiéres et al, 2000). Another
case in which an RIC regimen [thraco-abdominal irradiation
(2 Gy), fludarabine and melphalan] was used has also been
reported (Ohta et al, 2010). Both of these patients survived
in continuous CR following allogeneic HSCT. In the present
study, four patients received an RIC regimen followed by
allogeneic HSCT. Of these four patients, three were in
non-CR at allogeneic HSCT, yet survived in CR for
32-65 months without relapse after HSCT. These results sug-
gest that RIC for relapsed or refractory ALCL may be useful
in cases involving allogeneic HSCT, regardless of disease sta-
tus. However, there are only a few reports of allogeneic
HSCT using an RIC regimen for paediatric ALCL. Further
evaluations of the efficacy of RIC are necessary and should
include larger numbers of patients and a prospective design.
The treatment of relapsed or refractory ALCL remains a
matter of debate. Recent studies have reported the efficacies of
second-line treatments for relapsed or refractory ALCL,
including vinblastine monotherapy, brentuximab vedotin and
crizotinib. Brugieres et al (2009b) studied 36 paediatric
patients treated with weekly vinblastine for relapsed or refrac-
tory ALCL, finding that this treatment was highly efficacious,
with a CR rate of 83%. Furthermore, the 5-year EFS rate was
30%, at which time all but two of the patients had stopped vin-
blastine for more than 2 years. In adults, a phase II trial of
brentuximab vedotin was conducted in patients with relapsed
or refractory systemic ALCL. Fifty of 58 patients (86%)
achieved an objective response, including 33 patients (57%) in
CR (Pro et al, 2012). The Children’s Oncology Group reported
a phase I study of crizotinib for paediatric patients with refrac-

- tory ALCL, finding that seven of nine children acheived CR

following crizotinib monotherapy (Mossé et al, 2013). Autolo-
gous and allogeneic HSCTs are associated with high rates of
toxicities and TRM. Consequently, it will be necessary to spec-
ulate about the selection of second-line treatments for relapsed
or refractory ALCL in children and adolescents.
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In conclusion, both autologous and allogeneic HSCT can
offer the prospect of durable disease-free survival for relapsed
and refractory ALCL in childhood and adolescence. Patients
with CR at the time of autologous HSCT had significantly
greater EFS than patients with non-CR at the time of autolo-
gous HSCT. Our results suggest that allogeneic HSCT might
provide a better outcome for patients who are resistant to
chemotherapy after relapse, and those with non-CR at the
time of HSCT. Furthermore, an RIC regimen followed by
allogeneic HSCT might even be useful for these patients.
However, the small number of patients in our cohort pre-
vented us from investigating the efficacy of allogeneic HSCT
with an RIC regimen. In the new era of molecular target
drugs, the best candidates for autologous and allogeneic
HSCT remain to be clarified by further analyses and prospec-
tive studies of relapsed or refractory ALCL in childhood and
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Peripheral blood lymphocyte telomere length as a predictor of
response to immunosuppressive therapy in childhood aplastic anemia
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Predicting the response to immunosuppressive therapy could provide useful information to help the clinician define
treatment strategies for patients with aplastic anemia. In our current study, we evaluated the relationship between
telomere length of lymphocytes at diagnosis and the response to immunosuppressive therapy in 64 children with
aplastic anemia, using flow fluorescence in situ hybridization. Median age of patients was ten years (range 1.5-16.2
years). Severity of the disease was classified as very severe in 23, severe in 21, and moderate in 20 patients. All
patients were enrolled in multicenter studies using antithymocyte globulin and cyclosporine. The response rate to
immunosuppressive therapy at six months was 52% (33 of 64). The probability of 5-year failure-free survival and
overall survival were 56% (95% confidence interval (CI): 41-69%) and 97% (95%CIL: 87-99%), respectively.
Median telomere length in responders was -0.4 standard deviation (SD) (-2.7 to +3.0 SD) and -1.5 SD (-4.0 to +1.6
(SD)) in non-responders (P<0.001). Multivariate analysis showed that telomere length shorter than -1.0 SD (hazard
ratio (HR): 22.0; 95%Cl: 4.19-115; P<0.001), platelet count at diagnosis less than 25x10%/L (HR: 13.9; 95%Cl: 2.00-
96.1; P=0.008), and interval from diagnosis to immunosuppressive therapy longer than 25 days (HR: 4.81; 95%ClL:
1.15-20.1; P=0.031) were the significant variables for poor response to immunosuppressive therapy. Conversely to
what has been found in adult patients, measurement of the telomere length of lymphocytes at diagnosis is a prom-
ising assay in predicting the response to immunosuppressive therapy in children with aplastic anemia.

minor population of paroxysmal nocturnal hemoglobinuria
(PNH)-type cells.** However, we previously reported that nei-
ther test was useful to predict response to IST and that lower .

Introduction

Aplastic anemia (AA) is defined as bone marrow aplasia

and peripheral blood pancytopenia; disease pathogenesis is
thought to involve immune-mediated processes. The first
choice of treatment for severe AA in children is hematopoiet-
ic stem cell transplantation from a human leukocyte antigen
(HLA)-matched sibling donor."” However, 60-70% of children
with severe AA have no matched sibling donor and receive
immunosuppressive therapy (IST), consisting of antithymo-
cyte globulin (ATG) and cyclosporine (CyA). According to
previous studies in children, the response rate to IST at six
months was 60-70%, with the probability of survival at five
years being over 90%. On the other hand, relapses occur in
10-30% of patients who responded to IST and, overall, clonal
evolution develops in 10-15% patients.™ In adults, several
pre-treatment biomarkers have been proposed as promising
tests for predicting favorable response to IST, including the
presence of either human leukocyte antigen (HLA)-DR15 or a

white blood cell count and shorter interval from diagnosis to
IST were significant predictive markers of better response,'
on the other hand, a National Institutes of Health (NIH) study
showed that higher base-line absolute reticulocyte and lym-
phocyte counts were highly predictive of response to IST in
adult patients.” These results suggest a difference in etiology
of AA between adults and children.’

Dyskeratosis congenita (DC) is a rare inherited disease
characterized by the classical mucocutaneous triad of abnor-
mal skin pigmentation, nail dystrophy, and mucosal leuko-
plakia.” Patients with DC are unable to maintain the telom-
ere complex that are protein-DNA structures at the end of
eukaryotic chromosomes that prevent degradation and aber-
rant recombination of the chromosome ends,'" and conse-
quently have very short telomeres.” Shortened telomeres can
cause a wide variety of clinical features consisting not only of
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mucocutaneous abnormalities, but also other symptoms,
including bone marrow failure, pulmonary tibrosis, hepat-
ic fibrosis, and predisposition to malignancy.”” Several
recent studies revealed cryptic forms of DC among
patients with seemingly acquired AA who did not have
apparent physical abnormalities."" Failure of AA patients
to respond to IST may be explained by the presence of
cryptic inherited bone marrow failure syndromes
(IBMFSs).

Several investigators have demonstrated that telomere
lengths of leukocytes in patients with AA vary widely,
with an increased proportion of the patients having short-
er telomeres than healthy individuals. " It is known that
not only patients with typical DC, but also those with
cryptic DC have very short telomeres.” Moreover, the
telomere length in leukocytes is decreased in subsets of
patients with other IBMFSs including Fanconi anemia,™
Diamond-Blackfan anemia,” and Schwachman-Diamond
syndrome.” Therefore, measuring telomere length of
patients with AA at diagnosis may be useful in detecting
patients with cryptic type of [BMFSs.

Recently, Scheinberg ¢t al. reported that the telomere
length of peripheral blood leukocytes was associated with
risk of hematologic relapse, clonal evolution to myelodys-
plastic syndrome, and overall survival (OS), but not related
to hematologic response to IST in patients with severe
AA” Because there was no study to validate their obser-
vation, we evaluated the relationship between telomere
length in hematopoietic cells before IST and the response
to IST in children with AA.

Methods

Patients

Peripheral blood samples at diagnosis and clinical records were
obtained from 64 children who fulfilled entry criteria and enrolled
in two prospective studies conducted by the Japan Childhood
Aplastic Anemia Study Group.™? Patients with acquired AA were
eligible if selection criteria were satisfied (see Online Supplementary
Appendix for details). Thirty-cight patients received horse ATG
(Lymphoglobulin; Genzyme, Cambridge, MA, USA) at 15
mg/kg/day for five days and 26 received rabbit ATG
(Thymoglobulin, Genzyme, Cambridge, MA, USA) at 3.75
mg/kg/day for five days. CyA (6 mg/kg/day, orally) was started on
Day 1 and continued to at least Day 180. The dose was adjusted
to achieve a whole blood trough level of 100-200 ng/mL. Standard
supportive care was supplied in each institute. Response to IST
was evaluated according to previously described criteria.’ We
defined patients with complete response or partial response at six
months after IST as responders, and the other patients as non-
responders. Relapse was defined by conversion to no response
from a partial or complete response and/or the requirement for
blood transfusions.

All samples and clinical records were collected after written
informed consent had been obtained according to protocols
approved by the Ethics Review Committee, Nagoya University
Graduate School of Medicine (Research n. 732).

Measurements of telomere length and population
of PNH clones

The average relative telomere length (RTL) of peripheral fym-
phocytes was measured by flow fluorescence i st hybridization
(flow-FISH). using a Telomere PNA kit (Dako Cytomation,
Glostrup, Denmark).”® Lymphocytes were derived from fresh

peripheral blood in 38 cases and from frozen stored peripheral
bload in 26 cases. We used delta RTL to compare patients’ telom-
ere length with that of age-matched healthy controls. Details of
methods for measwing telomere length and definition of dclta
RTL are described in the Ouline Supplenentary Methods. A minor
population of paroxysmal noctumnal hemoglobinuria (PNH)-type
granulocytes and red blood cells were also evaluated by flow
cytometry according to a previously described method. '

Statistical analysis

We analyzed predictive variables associated with responsc to
IST, failure-free survival (FFS; in which relapse, clonal evolution,
second IST, HSCT, and death were censored), transplantation-free
survival (TFS; in which HSCT and death were censored), and OS.
Pre-treatment variables included patient’s sex, age, etiology, dis-
casc severity, interval from diagnosis to 1ST, leukocyte count, lym-
phocyte count, neutrophil count, hemoglobin (Hb) level, platelet
count, reticulocyte count, presence of HLA-DRIS, presence of
minor PNH clone, and delta RTL. Differences in these variables
between responders and non-responders were assessed using the
Mann-Whitney U-test and Fisher's cxact probability test.
Predictive factors with P<0.10 in the univariate analyses were sct
in the multivariate analysis (logistic regression modeling). P<0.05
was considered statstically significant. Measures of association
were expressed as hazard ratios (HR) with 95% confidence inter-
vals (CI). All tests were two-tailed with a type [ error of less than
(.05 considered as statistically significant. All analyses were per-
formed using STATA12.0 software (STATA, College Station, TX,
USA).

Results

Pre-treatment patients’ characleristics and clinical
outcomes

A total of 64 patients with AA were included in this
study. Patients’ characteristics are shown in Table 1. The
median age at IST was 10.0 years (range 1.5-16.2 years).
Discase severity was assessed as very severe in 23
patients, severe in 21 patients, and moderate in 20
patients. Causes of AA were idiopathic in 60 patients and
hepatitis in 4 patients. Median follow-up time from the
time of IST was 35 months (range 6-132 months).

Overall, 33 of 64 patients (52%) responded to IST at six
months after administration of ATG. Of the 33 respon-
ders, 4 children relapsed at 6, 34, 66, and 91 months after
IST, respectively. The probability of 5-year cumulative
incidence of relapse was 8% (95%CI: 2-28%). Nineteen
transplantations were carried out for non-responders or
patients with relapse. Of 64 children with AA, only one
patient developed clonal evolution at 23 months after IST.
During the observation period, 2 patients died; both of
them had shown no response to IST, one suffered from
lethal cerebral hemorrhage at six months, and the other
underwent bone marrow transplantation from an HLA-
matched unrelated donor at 12 months after IST and died
of transplantation-related hepatic failure. The probability
of 5-year FFS, TFS, and OS were 56% (95%Cl: 41-69%),
63% (95%ClL: 48-75%), and 97% (95%ClL 87-99%),
respectively.

Telomere length of children with AA

Comparing SD calculated in 71 healthy individuals,
median telomere length was -0.95D (range -4.0 to +3.0SD)
in all patients (n=64), -0.4SD (range -2.7 to +3.0SD) in




Table 1. Patients’ characteristics.

N 64 33 31

Sex MF 38/26 2/11 - 16715 NS

Age at diagnosis median 10.0 10.0 9.7 NS

(range) (15162)  (15162)  (26-15.D

Severity VSAA/ 232120 1241011 11114 NS
SAAMAA :

Etiology  Idiopathic/hepatitis 60/4 312 2972 NS

ATG .. Horse/rabbit 38726 23/10 15/16 0.08

Interval from  median 22 18 28 0.02

diagnosis to IST (range) (1-341) (1-85) (4-341)

WBC at diagnosis median 2300 2300 2400 NS

(x10°7L) (range)  (20-8700) = (20-8700)  (300-5000)

NEU at diagnosis median 300 380 260 NS

(x107L) (range) (0-3130)  (0-3130)  (0-1140)

LYM at diagnosis median 1900~ 1800 - 2000 - -NS

(x109L) (range) - (20-5600)  (20-5600) - (200-4300)

Hb at diagnosis median 73 72 74 NS

(g/dL) (range)  (27-114)  (28-11.0) (2.7-114)

PLT at diagnosis median 6 2l 16 - 004

(x10°L) (range) (0354 (0452)  (03-54)

RET at diagnosis median 27 27 27 NS

(x10°L) (range)  (0-96)  (3-96) (0-75)

PNH clone - Positive/negative  11/53 772 4/ NS

HLA-DRI5  Positive/negative 20/44 13720 7/24 NS

delta RTL (SD) median R I e ) <0.001

(range)  (-4.0-+34) (-2.8-+43.0) (-4.0- +1.6)
ATG: antithymocyte globulin: F: female: Hb: hemoglobin: HLA: human leukocvie anti-
gen, IST: immune suppressive therapy, LYM: lymphocyte count: M: male; MAA: moder-
ate aplastic anemia; NEU: neutrophil count; NS: not significant; PLT: platelet count;
PNH: paroxysmal noctumal hemoglobinuria; RET: veticulocyte count; RTL: relative
telomere length; SAA: severe aplastic anemia; SD: standard deviation; VSAA: very
severe aplastic anemiua; WBC: white blood cell count.

Table 2. Multivariate analyses for poor response to IST, failure-free sur-
vival, and transplantation-free survival.

Multivariate analysis for response to IST

Interval from diagnosis to IST >25 days 481 1.15-20.1 0.031
IST with rabbit ATG 0.79  0.16-3.96 077
PLT <25x10°L 139 2.00-96.1 0.008
RTL <-1SD 22 419-115 <0.001
Multivariate analysis for FFS '

IST with rabbit ATG ‘ 127 047-348 0.64
LYM >2.0x10*/L 232 1.02-5.24 0.044
PLT <25x10°L 411 117145 0.028
RTL <-13D 201 . 0.83-4.89 0.12
Multivariate analysis for TFS

IST with rabbit ATG 132 045-3.86 0.61
LYM >2.0x107L 342 1.32-881 0.011
PLT <25x10°/L 464 1.00-21.6 0.051
RTL <-15D 284 L01-7.97 0.048

ATG: antithvmeocyte globulin, CI: confidence interval; FFS: failure-free survival; HR: haz-
ard ratio; IST immunosuppressive therapy, LYM: bmphocyte count; PLT: platelet count:
RTL: relative telomere leagth: SD: stundurd  deviation; TFS: ransplantation-free sur
vical: MAA: moderate aplastic anermia; NEU: neutrophil count; NS: not significant; PLT:
platelet count: PNH: paroxysmal nocturnal hemoglobinuria: RET: reticulocyte count:
RTL: relative telomere fength; SAA: seveve aplastic anemia: SD. stundard deviation:
VSAA: very severe aplastic anemia: WBC: while blood cell count.
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Figure 1. Relative telomere length in responders and non-respon-
ders. (A) Scatter plot of relative telomere length (RTL) versus age in
patients with aplastic anemia (AA). The regression line for healthy
individuals is shown as a solid line (Y= -0.0907X + 14.751). Results
for AA patients were shown for responders (n=33; open squares) and
non-responders (n=31; closed circles). (B) Comparison for telomere
length between responders and non-responders. Box plots repre-
senting the distribution of telomere length in responders (n=33) and
non-responders (n=31). The upper and lower limits of the boxes rep-
resent the 75" and 25" percentiles, respectively; the horizontal bar
across the box indicates the median and the ends of the vertical
lines indicate the minimum and maximum data values. Dots indi-
cate outliers.

responders (n=33), and -1.55D (range -4.0 to +1.65D) in
non-responders (n=31) (Figure 1A and B). There was a sig-
nificant difference in telomere length between responders
and non-responders (P<0.001). We evaluated the effects of
age-adjusted telomere length quartiles on the response
rate. There was a significant relationship between hema-
tologic response and telomere length. The response rates
at six months were 12.5% in the first (the shortest), 37.5%
in the second, 75% in the third, and 81.3% in the fourth
(the longest) quartiles of telomere length (Figure 2). The
most powerful cut-off point for dividing responders and
non-responders by telomere length was -1.0 SD
(P=6.9x10%). There was no statistical tendency between
relapse rate / clonal evolution / overall survival and telom-
ere length.

We evaluated the pre-treatment variables for predicting
response to IST in 64 children with AA (Table 1). Univariate
analysis showed that interval from diagnosis to IST longer
than 25 days (P=0.01), platelet count at diagnosis less than
25x10°/L (P=0.01), and telomere length shorter than -1SD




(P<O.0UT) were the variables statistically significant for poor
response to 1ST, while there were no @igm&um& differences
between mspomius and non-responders in terms of patient
age, sex, disease severity, WBC count, neutrophil count,
lymphocyte count, reticulocyte count, presence of HLA-
DRIS, and presence of minor PNH dones. Patents with
rabbit ATG showed a tendency of }'JO(‘I’”‘T response to (ST
than patients with horse ATG (P=0.08)

Muldvariate analysis confirmed tl.ah telomere
shorter than -1.0SD (HR 22.0; 95%CIL: 4.19-115; P<0.00]
platelet count at diagnosis less than EC)}\‘ 7L (HR 1
93%Cl 2.00-906.1; = 'UOQ and interval from diagnos
to IST longer than 25 days (HR 4.81; 95%CL 1. 15-20.1;
P=0.031) were the w'mficam predictive variables for poor
response to 15T (Tab e 2.

Discussion

Our study demonstrated that the measurement of
telomere length of lymphocytes is useful for predicting the
response to IST in patients with AA. Recently, the NIH
group reported that the telomere length of peripheral
blood leukocytes was not related to hematologic response
to IST, but was associated with the high risk of hemato-
logic relapse, clonal evolution to myelodysplastic syn-
drome, and OS. " Several reasons may explain the conflict-
ing results of the two studies. To begin with, there are sev-
eral differences between the current study and the NIH
study, including the methods of telomere length measure-
ment and patients’ characteristics. In the NIH study, the
telomere length of pre-treatment total leukocytes was
assessed by quantitative polymerase chain reaction (PCR).
We measured the telomere length of lymphocytes using
flow-FISH, which enabled us to measure median telomere
length in the subpopulations of blood cells. Alter er al.
compared the diagnostic sensitivity and specificity of
short telomeres in different subpopulations of blood
cells.” Their results indicated that lymphocytes were more
suitable for diagnosis of DC than total leukocytes, which
were a hecerooeneous mixture of cell populations. The
proportions of ‘each cell population were different in each
patient. The use of total leukocytes is suspected to provide
less consistent results than analyses of defined leukocyte
subpopulations.

Another difference between the two studies was the
distribution of patients’ age. Patients in our study were
much younger (mean age 10 years) than those in the NIH
study (mnan age 35 vyears). Because telomeres shorten
with age,™ the differénces in telomere length between
patients and healthy individuals may become smaller in
adults than in children. Moreover, in the NIH study, the
cohort was restricted to patients with severe AA, and
patients with moderate AA were not included. In contrast,
20 of 64 AA patients in our study had moderate disease.
We could not estimate the frequency of clonal evolution
since in our cohort there was only one patient who
evolved into myelodysplastic syndrome during the obser-
vation period.

The causes of the difference in telomere length between
responders and non-responders remain unknown. The
short telomere length in non-responders may be ascribed to
the presence of cryptic forms of IBMES in the study cohort.
Alter ¢t 4l. reported that nearly all of the patients with both
typical and cryptic DC have very short telomeres, as low as

100
Telomere length

. First quartile

Second quartile

Third quartile

Fourth guartile

5 months

3 months

Figure 2. Response rates for immune suppressive therapy at three
and six months according to telomere length. A poorer response rate
was observed with each guartile as the telomere length shortened
from the fourth to the first quartile.

the first percentile of normal controls.” In our previous
study, the RTLs of lymphocytes were below the 5% of nor-
mal controls in all of 6 DC patients and 2 AA patients har-
boring TERT mutation.” In the current study, there were 10
AA patients with shorter telomere length than the -2.0 SD
of the cohort of healthy controls, but none of them showed
clinical features of DC or had any mutation in DKCY,
TERC, TERT, NOP10, TINF2, and TCAB1. It is unlikely that
short telomeres in non-responders are to be ascribed to the
presence of a cryptic form of DC.

Another possibility is that short telomere length may be
a swrrogate marker for longer disease duration that dam-
ages the hematopoietic stem cells and causes a higher
number of compensatory stem cell divisions. We recently
reported a significant inverse correlation between
response rate to IST and interval between diagnosis and
treatment in a large cohort of 312 children with newly
diagnosed AA 71t is often difficult to determine the exact
date of onset of the disease in patients with AA, especially
in patients with moderate AA. The shorter telomere
length may simply reflect longer duration of the disease in
non-responders.

However, our study has several limitations, including a
heterogeneous study population, a relatively small number
of patients and a short follow-up period. To validate the
results, we are conducting a prospective study to determine
the optimal use of rabbit ATG for severe AA, in which we
evaluate the relationship between telomere length of lym-
phocytes at diagnosis and the response to IST.

In conclusion, measurement of the telomere length in
lymphocytes by flow-FISH is a promising assay, not only
for identifying cryptic DC, but also for predicting the
response to 1ST of patients with AA.
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