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Table 2. Response to treatment after initial treatment

SAA VSAA
3 months
Evaluable 84 117
CR 9* 61
PR 40* 401
NR 35 71
Alive 34 : 7
Dead 1 0
6 months
Evaluable 83 115
CR 17¢ 20§
PR 38t 63§
NR 28 32
Alive 27 31
Dead 1 1

Data are numbers (%) of responders.

NR indicates no response.

*These classes combined were 58% to the total number.
1These classes combined were 39% o the total number.
}These classes combined were 66% to the total number.
§These classes combined were 72% to the total number

responded to the initial course of IST (Table 2). By 6 months,
55 patients (66%) with severe AA and 83 patients (72%) with very
severe AA had evidence of a trilineage response and had become
transfusion-independent. Three patients died between 3 and
6 months. Overall, of 198 evaluable patients receiving an initial
course of IST, 37 patients (19%) had a complete response and
101 patients (51%) showed a partial response, for an overall
response rate of 70% after 6 months. Sixty patients (30%),
28 (34%) with severe AA and 32 (28%) with very severe AA, did
not attain CR or PR status at 6 months, and were therefore eligible
for second-line therapy (Fig 1).

Repeated IST versus SCT as second-line therapy

Figure 1 shows the outcome of 201 patients with treatment
assigned. Twenty-one patients lacking a suitable donor at the
time of evaluation were assigned to receive a second course of
IST. Three of these patients developed an anaphylactoid reaction
to ATG and thus could not complete their second course of
treatment. Anaphylactoid reactions were not observed during
the first course of IST in these 3 patients. These patients were
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Table 3. Characteristics of 52 patients who underwent second-line
therapy

SAA VSAA

Patients 21 31
Sex, M/F 14/7 14/17
Median age, y {range) 9 (2-17) 8 (0-17)
Cause of AA

{diopathic 17 29

Hepatitis 4 2
Severity of disease

SAA 7 21

VSAA 14 10
Median months from diagnosis to 7 {6-25) 8 {5-20)

second-line therapy (range}

Data are numbers except where indicated.

subsequently treated with corticosteroids, which rapidly re-
solved their symptoms. Among them, | patient died from
complications of severe pancytopenia and 2 patients are alive
with a late hematologic response.

Thirty-one patients received SCT from an alternative donor as
follows: BMT from an HLA-matched unrelated donor (UBMT;
n = 25), cord blood transplantation from an unrelated donor
(UCBT; n = 2), and BMT from an HLA-mismatched family donor
(n = 4). Twenty patients were conditioned with a CY, ATG, and
TBI regimen and 4 received CY, Flu, ATG, and local field
irradiation. Others received other types of conditioning regimen.
Methotrexate and CyA were given for the prevention of GVHD in
5 patients. Tacrolimus was used instead of CyA in other patients.
Five patients who had transformed to myelodysplastic syndrome
(MDS) and 3 patients who were searching for an alternative donor
still were excluded from the analysis.

In all, 52 patients were evaluated for response to second-line
therapy. Characteristics of both groups are shown in Table 3.
The median interval between the first course of IST and a
second-line treatment was 7 months for the IST group and
8 months for the SCT group. At 6 months after the initiation of
second IST, a trilineage response was seen in only 2 of
18 evaluable patients (11%). Among 16 nonresponders, 8 pa-
tients received UBMT as a third-line therapy and all of them are
alive. They could not find a suitable donor at 6 months after
initial therapy and received a second IST, but failed to respond.

Autolagous recovery Alive
n=1 I
Response (+) En / "
graftment (-) 2nd SCT Alive
= _ ——.
n=138 n=5 N "n=l n=1
Alternative / \ Dead
/ donor SCT n:;
N
\ / - Engraftment (+) > Alive
n=26 n=26
Response (=)
n=60
Anaphylactoid Alive
reaction > =2
/ n=3
Repeated IST
n=21 \ Response (+) ‘
Dead 2“‘1:§T ——— | at6 month » Alive Eigure 1. Overall outcome of 201 patients assigned
n=3 n n=2 n to second-line therapy. *Among 16 patients who
failed to respond to second IST, 8 patients received
Alive™ SCT and were alive. Four of the remaining 8 patients
R Po © > 'n=|6 attained a late hematologic response and were alive.
=16 The other 4 patients were alive without response.
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Figure 2. Actuarial probability of failure-free survival after second-line treat-
ments with immunosuppressive therapy (n = 21) or stem-cell transplantation
from an alternative donor (n = 31). FFS is defined as survival with response.
Death, nonresponse by 6 months, disease progression requiring a second-line
therapies, and relapse were considered as treatment failure.

Marrow donors included HLA-one antigen mismatched unre-
lated donor (n = 3) and HLA serologically 6/6 matched unre-
lated donor (n = 5). Four patients attained late response and
another 4 patients are alive with regular blood transfusions.
Overall, 20 of 21 patients are alive with a median follow-up
period of 66 months from the start of second IST (range:
9-80 months).

In the SCT group, 5 patients did not engraft. Bacterial or
fungal infections resulted in the death of 2 patients at an early
phase of SCT. One patient who received UCBT had recovery of
autologous bone marrow function and is alive 68 months after
the transplant. One patient transplanted from an HLA-
mismatched sibling had a successful second transplant from an
unrelated donor. Another patient who failed to engraft after
UBMT was rescued by second transplant from an HLA-2
antigen mismatched mother. Blood count normalized in the
remaining 26 patients and they are all alive. Four evaluable
patients developed grade 1II to IV acute GVHD, and chronic
GVHD was observed in 4 patients. Twenty-nine of 31 patients
are alive with a median follow up period of 35 months from the
alternative donor transplantation (range: 4-83 months). The
probability of FFS was calculated after excluding deaths and
patients failing to respond to a second-line treatment by
6 months and requiring further treatment, that is, including only
patients who were alive with hematologic response. The esti-
mated FFS at 5 years from the beginning of second-line therapy
was 83.9% (% 16.1% SD) in the SCT group compared with
9.5% (* 9.0%) in the IST group (P = .001) (Fig 2). The overall
survival rate was not different between the IST group
(95.2 + 6.7%) and the SCT group (93.5 = 4.2%) after second-
line treatment (Fig 3).

Cytogenetic analysis and clonal disease

At the time of diagnosis, a clonal cytogenetic abnormality (mono-
somy 7, trisomy 8) was detected in 2 patients, who had morphologi-
cally typical AA. The disappearance of monosomy 7 was observed
in | patient,!? but trisomy 8 remained for 52 months after IST in
another patient. New clonal cytogenetic abnormalities appeared in
10 patients after IST: monosomy 7 (5 patients), trisomy 8
(2 patients), trisomy 8 and del(7) (1 patient), monosomy X
(1 patient), and t (3;3)(q21;q26) (1 patient). Eight patients under-
went SCT from alternative donors and 6 of them are still alive.
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Figure 3. Actuarial probability of survival after second-line treatments with
immunosuppressive therapy (n = 21) or stem cell transplantation from an
alternative donor (n = 31).

Stem-cell transplantation

SCT was attempted in 52 patients in whom the initial IST failed
(n = 31), the second IST failed (n = 8), who had relapse after initial
response (n = 5), or who developed MDS and leukemia (n = 8).
Alternative donors included unrelated bone marrow donors (n = 40),
HLA-mismatched family donors (n = 6), and unrelated cord blood
donors (n = 6). Five patients died: 3 received UCBT and 2 received
UBMT. Causes of death were bacterial or fungal infections (n = 3),
relapse of leukemia (n = 1), and venooclussive disease (n = 1).

Survival :

We analyzed the actuarial survival of 201 enrolled patients
according to the severity of their disease. The actuarial survival
of all enrolled patients was 94.5% (% 1.7%) with a median
follow-up period of 48 months (range: 12-90 months). The
actuarial survival was 92.6% (% 2.8%) in the 117 patients with
very severe AA and 96.8% (* 2.1%) in the 84 patients with
severe AA. There were 6 deaths in the very severe AA group and

3 in the severe AA group. The causes of death were SCT-related

toxicities (n = 5), MDS/acute myelogenous leukemia (AML)
(n = 1), bacteremia (n = 1), hemolysis of unknown causes
(n = 1), and aspiration pneumonia (n = 1).

Discussion

The introduction of intensive IST with ATG and CyA has dramatically
improved the outcome of patients with severe and very severe AA. >
However, 30% to 40% of patients still fail to respond to IST and require
second-line therapy. The treatment options for patients not responding to
IST include further treatment with immunosuppressive agents or SCT
from an alternative donor. At present, however, there is no consensus as
to the best therapy for these patients. Recent studies have reported a high
response rate and a favorable outcome after repeated ATG therapy in
these patients, suggesting that SCT from an alternative donor should
perhaps be considered third-line therapy.!®!! However, the majority of
patients in these studies were adults. Because the outcome after
alternative donor transplantation is better in children than in adults,? the
treatment choice may be different in children from in adults. Our
prospective study showed that SCT from an alternative donor is superior
to the repeated IST for FES. At 6 months, the response rate to a second
course of IST was only 11% (2/18), which increased to 33% (6/18) at
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12 months, much lower than figures reported by others. The overall
response was 63% in the Basel'” and 77% in the Italian!! studies. In
addition, none of our patients achieved CR, whereas CR was achieved in
42% of patients in the Basel,!* and 30% in the Ialian study.!! In the
recent study from the National Institutes of Health, the overall response
rate was 30%, although no one achieved a CR.!2 The reasons for the
discrepancy in the response rates among these studies are not known.
However, there are a number of differences between our study (AA-97)
and the others. First, our study group consisted of only pediatric patients,
whereas other studies included both pediatric and adult patients. The
median age of the patients was 9, 15, 18, and 31 years, in the AA-97,
Basel, Italian, and National Institutes of Health studies, respec-
tively. Until now, there have been no reports of repeated IST
restricted to children with AA.

In the majority of patients with acquired AA, bone marrow
failure is believed to result from immunologically mediated
destruction of the hematopoietic progenitor cells.?! Whereas in
some patients, a single course of ATG is not sufficient to achieve
the degree of immunosuppression required to restore bone marrow
function, necessitating further ATG therapy, the results of our study
may indicate that pediatric patients are more susceptible than adult
patients to the intensive IST currently used and that a single course
of IST is adequate to discern their response to these immunosuppres-
sive agents. Our results may also suggest that the efficacy of any
immunosuppressive therapy for children with AA should be
evaluated separately from adult patients.??

In the Italian study,!! the assessment of response to the first
course of IST was carried out at 120 days and some patients
received a second course of treatment as early as 2 months after
initiation of immunosuppressive therapy. In our previous study
(AA-92), we observed no further patient response to an initial
course of IST after 6 months, thus making the time of
assessment at 6 months.® The timing of the evaluation of
response to an initial course of IST is an important factor in
determining the need for further treatment, making it difficult to
compare the response rates to a second course of IST between
our study and other studies.

In the AA-97 study, 31 severe and very severe patients who
did not respond to immunosuppressive therapy received SCT
from an alternative donor. Twenty-nine of these patients are
alive with their bone marrow function restored. Importantly, all
26 engrafted patients are alive without failure. Of 2 patients who
received UCBT, 1 died of fungal infection before engraftment,
and the other reconstituted autologous bone marrow function. In
a recent analysis of a large series of UCBT from the New York
Blood Center, only 8 of 19 patients with severe AA engrafted
after UCBT. The cohort of AA patients was among the group
with the highest incidence of transplant-related mortality.??
Because of discouraging results in the early period, we thereaf-
ter recommend that UCBT not be used as a second-line therapy.
In contrast, in our study, results after BMT from an unrelated
donor were excellent. Twenty-four of the 25 patients are alive
and well. The National Marrow Donor Program in the United
States reported on the results of UBMT for IST-resistant AA
patients.!* Fifty-one of 131 patients (39%) were alive at 11 to
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94 months (median: 36 months) after transplantation. The major
causes of death were graft failure and treatment-related events
including GVHD and infections. Fifty-five patients were matched
with donors using both serology and allele-level DRBI typing;
these patients had a survival rate of 56%. In a recent report from
the Japan Marrow Donor Program, the overall survival rate for
AA patients receiving HLA-matched unrelated BMT was 56%,
with 81% survival in patients younger than 15 years and 32%
survival in patients aged 16 and older.’ Therefore, younger
patients clearly have a survival advantage after UBMT. Simi-
larly, in our AA-92 study, 13 of 15 patients who failed IST and
who were subsequently treated with UBMT are alive and well,
with a median follow-up of 36 months.® The duration of FFS of
these pediatric patients with AA appeared to plateau at 2 years
after SCT. Recently, 2 novel transplant regimens were reported:
one from the United States and another from Europe.?*?5 The
first tested de-escalating doses of radiation from 6 Gy to 2 Gy.
The best results were achieved with 2 Gy TBI. The European
group designed a radiation-free preparative regimen consisted
of fludarabine, cyclophosphamide, and ATG. The Japan Marrow
Donor Program is now performing high-resolution HLA typing
at the DNA level at loci A and B as well as DRB1. It is expected
that more precise HLA matching between patient and donor will
further improve the outcome for UBMT recipients.

On the other hand, IST appears to be associated with an increased
risk of evolution of clonal diseases such as MDS and PNH.%%?7 In our
previous study, 11 of 50 children with AA that were treated with IST
developed MDS/AML. None of the 48 patients who underwent SCT
developed a clonal disorder?® In the Basel study, clonal disease
developed in 53% of patients who received multiple courses of IST.!0 In
the current study, there were S patients (8.3%) with MDS among
60 patients in whom initial IST was not effective, whereas no patient
developed MDS/AML after SCT from an alternative donor treated as
second-line therapy. This issue must be taken into consideration in the
discussion of the appropriate second-line therapy for patients with AA.

Our study clearly demonstrates that SCT from an alternative
donor provides a better chance of FFS than a second course of IST
for children with AA who have failed to respond to an initial course
of IST. Thus, we recommend SCT, and in particular BMT from an
alternative donor, rather than a second course of IST as salvage
therapy for these patients.
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Outcome of 125 Children with Chronic Myelogenous
Leukemia Who Received Transplants from Unrelated
Donors: The Japan Marrow Donor Program
Hideki Muramatsu, Seiji Kojima,' Ayami Yoshimi,? Yoshiko Atsuta,’ Koji Kato,?
Yoshihisa Nagatoshi,4 Masami Inoue,5 Kazutoshi Koike,"’ Takakazu Kawase,” Masaki Ito,8

Hidemitsu Kurosawa,” Akihiko Tanizawa,'® Chikako Tono,'' Kazuko Hamamoto,'?
Noriko Hotta,'? Akihiro Watanabe, '* Yasuo Morishima,'> Keisei Kawa,” Hiroyuki Shimada'®

Because of a small number of patients, only a few studies have addressed the outcome of bone marrow
transplantation (BMT) in children with Philadelphia chromosome—positive (Ph+) chronic myelogenous leuke-
mia (CML), who receive graft from a volunteer-unrelated donor (VUD), especially after practical application
of imatinib mesylate. The outcomes of BMT from a VUD in 125 children with Ph-+ CML were retrospectively
reviewed. Patients were identified through the Japan Marrow Donor Program as having undergone BMT be-
tween 1993 and 2005 and were aged |-19 years at the time of transplant (median age, 14 years). The probabilities
of 5-year overall survival (OS) and leukemia-free survival (LFS) were 59.3% and 55.5%, respectively. Multivariate
analysis identified the following unfavorable survival factors: infused total nucleated cell dose < 314 x 10° /kg
(relative risk [RR] = 2.43; 95% confidence interval [Cl] = 1.33-4.44; P =.004), advanced phase (RR = 2.43;
95% Cl = 1.37-4.31; P =.004), and no major cytogenetic response (MCyR) at the time of BMT (RR = 6.55;
95% Cl = 1.98-21.6; P =.002). Of the 17 patients treated with imatinib, 15 (88%) achieved MCyR at the time
of BMT, and this group had an excellent 5-year OS of 81.9%. Disease phase, infused total nucleated cell dose,
and cytogenetic response were independent risk factors for survival of unrelated BMT. These findings provide
important information for assessing the indications for and improving outcome in unrelated BMT for the
treatment of pediatric CML.

Biol Blood Marrow Transplant 16: 231-238 (2010) © 2010 American Society for Blood and Marrow Transplantation

KEY WORDS: Chronic myelogenous leukemia, Children, Unrelated donor, Stem cell transplantation, Bone
marrow transplantation, Japan Marrow Donor Program

INTRODUCTION dence of <1 in 100,000 children [1]. Allogeneic hemato-
poietic stem cell transplantation (HSCT) is the only
proved curative treatment for children with Ph+

CML. Reported event-free survival (EFS) in children

Philadelphia-posidve (Ph+) chronic myelogenous
leukemia (CML) is a rare disease in children, accounting

for only 3%-5% of all pediatric leukemia, with a inci-

with Ph+ CML who underwent transplantation in the
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chronic phase with a matched related donor is 60%-
75% [2-4]; however, this approach is limited by the
availability of HLA-matched family donors. The major-
ity of children who lack an HLA-matched donor receive
a transplant from an alternative donor, such as a volun-
teer-unrelated donor (VUD). EFS is less favorable in
this setting, ranging from 30% to 55% [3-5].

Since the introduction of the novel tyrosine kinase
inhibitor imatinib mesylate, the treatment for Ph+
CML has been completely revised [6]. Imatinib can
induce complete hematologic and cytogenetic remission
in the majority of patients, and follow-up data on patients
treated only with imatinib indicate that complete cytoge-
netic and major molecular responses are durable, while
drug toxicity is low [7]. The number of transplantations
for Ph+ CML has declined rapidly [8]. But, despite
significant cytogenetic and molecular responses, there
is no evidence that imatinib is curative, and imatinib’s
long-term side effects remain to be determined. Some
patients have successfully stopped imatinib without
recurrence, but some who were polymerase chain reac-
tion (PCR)-negative for a period stopped and then expe-
rienced  recurrence [9,10]. Stopping imatinib may be
possible, but effective strategies have yet to be developed.

This is particularly important for pediatric pa-
tients, in whom the goal is cure of the disease rather
than palliation, and for whom long-term survival is
particularly anticipated. The presence of molecular
disease and the emergence of resistant clones in pa-
tients treated with imatinib suggest the need for cau-
tion with regard to abandoning curative therapy by
SCT. The need for information on the current status
of SCT for Ph+ CML and up-to-date results when
considering the treatment of children with Ph+
CML, even in the imatinib era, is evident; however,
few studies have specifically analyzed outcomes of
SCT in children with Ph+ CML [2-5]. The aim of
the present study was to analyze data from 125 chil-
dren with Ph+ CML who underwent bone marrow
transplantation (BMT) from a VUD and identify
factors influencing outcome.

PATIENTS AND METHODS

Patients

A retrospective analysis was conducted on behalf of
the Japan Marrow Donor Program (JMDP) and the
Japanese Pediatric Leukemia/Lymphoma Study
Group (JPLSG) CML Committee. Data were col-
lected from 125 children (age at transplantation < 20
years) whose donors were identified through the
JMDP and who underwent allogeneic BMT from
a VUD for Ph+ CML between 1993 and 2005. Table
1 summarizes the patient, donor, and transplant char-
acteristics. Patient characteristics in the first chronic
phase (CP1) and in the advanced phase are described
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Table . Patient, Donor, and Transplant Characteristics

Advanced
CPI Phase Total
(n = 88) (n=37) (n = [25)

Year of transplantation

1993-1998 45 22 67

1999-2005 43 15 58
Stage of CML at BMT

CPI 88 0 88

CcP2 0 12 12

CP3 0 | 1

Advance phase 0 1 1

Blast crisis 0 13 13
Cytogenetic response at BMT

With MCyR 29 4 33

Without MCyR 39 25 64

Unknown 20 8 28
Pretransplantation therapy with IFN-a

No 22 8 30

Yes 66 29 95
Pretransplantation therapy with imatinib

No 72 36 108

Yes 16 | 17
Recipient sex, M/F 56/32 25/12 81/44
Donor-recipient sex

Female donor to male 20 10 30

recipient

Other 68 27 95
Median age at BMT, years 13(1-19) 17 (2-19) 14 (1-19)

(range)
Median time from 14 (2-111) 19 (5-103) 14 (2-111)

diagnosis to transplantation,

months (range)
Patient CMV antibody

Negative 25 14 39

Positive 54 21 75

Unknown 9 2 11
ABO mismatch

Match 41 15 56

Major mismatch 29 11 40

Minor mismatch 17 9 26

Unknown 1 2 3
Recipient-donor HLA DNA typing

Match (10/10) 33 8 41

| alleles mismatch 9 5 14

2 alleles mismatch 9 9 28

3 alleles mismatch 8 3 11

4 alieles mismatch 2 2 4

6 alleles mismatch 0 | |

Unknown 17 9 26
Conditioning regimen

TBI regimen 66 30 96

Non-TBl regimen 22 7 29
GVHD prophylaxis

CsA+MTX 59 22 81

Tacrolimus + MTX 28 15 43

MTX alone I 0 |
Administration of ATG

No 76 34 110

Yes 12 3 15
Median infused total 315 298.5 314

nucleated cell dose, (27-880) (29-750) (27-880)

x 10 fkg (range)

ATG indicates antithymocyte globulin; BMT, bone marrow transplanta-
tion; CML, chronic myelogenous leukemia; CP, chronic phase; CMV,
cytomegalovirus; CsA, cyclosporine; IFN, interferon; GVHD, graft-
versus-host disease; MCyR, major cytogenetic response; MTX, meth-
otrexate; TBI, total body irradiation.

separately. All padents or their guardians gave written

informed consent for transplantation and submission
of data to the JMDP for further research. This study
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was approved by the Data Management Committee of
the JMDP and by the Ethical Committee of Nagoya
University Graduate School of Medicine.

The 125 children in the study included 81 boys
(65%) and 44 girls (35%). The median age at the
time of BMT was 14 years (range, 1-19 years). Disease
phase at the time of transplantation was defined
according to International Bone Marrow Transplant
Registry IBMTR) criteria [11]. Eighty-eight patients
(70%) underwent transplantation in CP1. Of the 37
children who underwent transplantation in an ad-
vanced phase of CML, 12 were in CP2, 1 was in
CP3, 11 were in the accelerated phase (AP), and 13
were in blast crisis (BC). Cytogenetic response data
at the time of BMT were available for 97 patients
(78%), of whom 68 were in CPI and 29 were in an
advanced phase. Major cytogenetic response (MCyR;
= 35% Ph+ cells) was achieved in 33 patients (29
patients in CP1 and 4 patients in CP2). Ninety-five
recipients (76%) were given interferon (IFN)-o, and
17 (14%) were given imatinib before transplantation.
The patients treated with imatinib proceeded to
BMT regardless of their response, according to each
institutes’ therapeutic strategy. The median interval
from diagnosis to transplantation was 14 months
(range, 2-111 months). Fifty-seven patients (46%)
underwent transplantation within 12 months, and 68
(54%) did so after 12 months. Imatinib began to be
used in Japan in 1999, and its use was approved by
the Japanese Health and Welfare Ministry in 2002.
In our cohort, 17 patients (16 in CP1, 1 in AP) received
imatinib before transplantation.

Transplantation Procedures and Recipient-
Donor HLA Matching

All 125 recipients received a BM graft from a VUD
identified through the JMDP. Various preconditioning
regimens were used by individual centers. Of the 125
recipients, 96 (77%) received a preparative regimen
with total body irradiation (TBI). Fifteen recipients
(12%) received antithymocyte globulin (ATG). Cyclo-
sporine A (CsA)-based GVHD prophylaxis was used in
81 patients (65%); tacrolimus-based prophylaxis, in 43
(34%). One patient received only methotrexate (MTX)
as GVHD prophylaxis. HLA-matching data based on
high-resolution DNA typing for HLA-A, -B, -C,
-DRBI, and -DQB! antigens were available in 99
patients (79%). Of these 99 patients, 41 (41%) were
fully matched at 10/10 alleles, 14 (14%) were mis-
matched at | HLA allele, 28 (28%) were mismatched
at 2 HLA alleles, and 16 (16%) were mismatched at
more than 3 HLA alleles.

Definitions, Data Collection, and Statistical
Analysis

The outcomes were analyzed on the basis of
engraftment, grade II-IV acute and chronic GVHD
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(aGVHD, c¢GVHD), treatment-related mortality
(TRM), relapse, overall survival (OS), and leukemia-
free survival (LFS). The date of engraftment was
defined as the first of 3 consecutive days with a neutro-
phil count exceeding 0.5 x 10° /L. aGVHD and
c¢GVHD were classified according to published crite-
ria [12]. Only patients surviving for >100 days after
transplantation were considered eligible for evaluation
of cGVHD. Relapse of CML was defined by hemato-
logic or cytogenetic evidence of disease. (Data on
molecular evidence of relapse were not available.)
Transplantation data were collected using standard-
ized forms provided by the JMDP. After transplanta-
tion, patient baseline information and follow-up
reports were submitted at 100 days, 6 months, 1 year,
and annually thereafter.

Comparisons between groups were performed
using Fisher’s exact test for categorical variables and
the Mann-Whitney U test for continuous variables.
Survival and time to events were calculated from the
date of tansplantation. OS and LFS were estimated
by the Kaplan-Meier method and compared using
the log-rank test. Cumulative incidence curves were
created for TRM. The Cox proportional hazard model
was used to obtain the estimates and the 95% confi-
dence interval (CI) of the relative risk (RR) for predic-
tive factors and to evaluate predictive factors for TRM,
LFS, and OS in a multivariate analysis. The following
variables were evaluated: patent age at the time of
BMT (= 15/< 15 years), patient sex, sex mismatch,
year of transplantation (1993-1998/1999-2005), pe-
riod from diagnosis to transplantation (= 12 months/
< 12 months), infused total nucleated cell dose (=
314 x 10%kg/< 314 x 105/kg), TBI-containing regi-
men (yes/no), use of ATG (yes/no), GVHD prophy-
laxis (CsA + MTX = steroids/FK = MTX), full
HLA matching (yes/no), disease phase at the time of
BMT (CP1/advanced phase), MCyR at the time of
BMT (yes/no), ABO mismatch (match/mismatch), re-
cipient cytomegalovirus (CMV) antibody (negative/
positive), history of interferon therapy (yes/no), and
history of imatinib therapy (yes/no). Variables with
more than 2 categories were dichotomized for the final
multivariate model. The cutoff points of the variables
were chosen to make optimal use of the information,
with the proviso that smaller groups contained at least
20% of the patients. The cutoff points of continuous
variables were chosen from the 25th, 50th, and 75th
percentiles; consequently, the median of continuous
variables was dichotomized as follows: age (=15/
< 15 vyears), year of transplantation (1993-1998/
1999-2005), and infused total nucleated cell dose (=
314 x 10%kg/< 314 x 10%/kg). SPSS version 15.0
(SPSS Inc, Chicago, IL) was used for all statistical
calculations except estimation of the cumulative
incidence, which was performed using Stata version
10.0 (StataCorp, College Station, TX).
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Table 2. Patient Clinical Outcomes
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Advanced Phase

CPl (n=88) (n=37) Total (n = 125) P Value

Engraftment 336

Yes/No 85/3 34/3 119/6
Acute GVHD 186

None 21 i 32

Grade | 34 9 43

Grade |l 18 5 23

Grade 1l B! 7 i8

Grade IV 4 5 9
Chronic GVHD 393

None 49 25 74

Limited 15 6 21

Extensive 24 6 30
S-year TRM (95% Cl) 28.3% (23.4-33.2) 56.5% (48.0-65.0) 36.5% (32.5-40.5) .002
S-year refapse rate (95% Cl) 11.8% (8.1-15.5) 29.0% (18.7-39.3) 15.4% (11.7-19.1) .098
5-year LFS (95% Cl) 65.2% (60.0-70.4) 32.4% (24.7-40.1) 55.5% (51.0-60.0) .001
5-year OS (95% Cl) 70.7% (65.7-75.7) 32.4% (24.7-40.1) 59.3% (54.8-63.8) <.001

GVHD indicates graft-versus-host disease; LFS, leukemia-free survival; OS, overall survival; TRM, treatment-related mortality.

RESULTS

Engraftment

A total of 119 recipients (95%) were successfully
engrafted. Neutrophil engraftment occurred at a me-
dian of 18 days after BMT (range, 11-37 days). Six pa-
tients (5%) experienced primary graft failure (T'able 2),
all of whom died.

aGVHD and ¢cGVHD

Grade II-IV aGVHD occurred in 50 patients
(40.7%; 95% CI = 36.3%-45.1%), and grade III-IV
aGVHD occurred in 27 patents (22.6%; 95%
CI = 16.1%-31.2%). Fifty-one patients (50.1%; 95%
CI =45.0%-55.2%) developed ¢cGVHD (extensive
type, n = 30; limited type, n = 21).

Relapse

Seventeen patients (11 recipients in CP1 and 6 in
an advanced phase) experienced a relapse. The 5-year
cumulative incidence of relapse was 19.7% (95%
CI = 15.1%-24.3%). The median time for occurrence
of relapse for the entire study cohort was 7 months
(range, 1-97 months).

Survival

LFs

‘The S-year LFS rate was 55.5% (95% CI = 51.0%-
60.0%) for the entire cohort (Figurel). The LFS rate
was significantly higher in children undergoing BMT
in CP1 (65.2%; 95% CI = 60.0%-70.4%) than those
undergoing BMT in an advanced phase (32.4%; 95%
CI = 28.7%-36.1%; P = .001) (Table 2).

On univariate analysis, the following factors were
significantly associated with LFS: age at the time of
BMT (P =.047), infused total nucleated cell dose

(P = .002), disease phase (P =.002), and cytogenetic
response at the time of BMT (P = .001). Multivariate
analysis also identified infused total nucleated cell
dose (RR = 2.320; 95% CI = 1.326-4.061; P = .003),
disease phase (RR =2.051; 95% CI=1.187-3.545;
P =.010), and cytogenetic response at the time of
BMT (RR =2.890; 95% CI=1.264-610); P=.012)
as independent risk factors for LFS.

oS

The 5-year OS rate was 59.3% (95% CI = 54.8%-
63.8%) for the entire cohort (Figure 1). The OS rate
was significantly higher in the children undergoing
BMT in CP1 (70.7%; 95% CI = 65.7%-75.7%) than
in those undergoing BMT in an advanced phase
(32.4%;95% CI = 24.7%-40.1%; P < .001) (Table 2).

On univariate analysis, the following risk factors
were significantly associated with OS: age at the time
of BMT (P=.037), interval between diagnosis and
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Figure . OS and LFS in children with Ph+ CML. In Kaplan-Meier
curves graph, solid line shows the probabilities of OS (5-year
OS = 59.3%; 95% Cl = 54.8%-63.8%) and the dotted line shows that
of LFS (S-year LFS = 55.5%; 95% Cl = 51.0%-60.0%).
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Figure 2. Aand B, Relationship among infused total nucleated cell dose, OS (A), and TRM (B) in children with Ph-+ CML. In the entire cohort, OS was
significantly higher for children who received a higher infused total nucleated cell dose than those who received a lower dose (= 314 x IOS/kg
vs <314 x 10%kg; P=.001). TRM was significantly higher for children who received a lower cell dose than for those who received a higher cell
dose (= 314 x 10%kg vs < 314 x 10%kg; P =.003). Solid lines show the probabilities of OS and TRM for children who received a higher infused total
nucleated cell dose and the dotted lines show the probabilities for those who received a lower infused total nucleated cell dose. C and D, OS (C) and
TRM (D) of Ph+ CML children in CPI with or without an MCyR. OS was significantly higher for children who achieved MCyR at the time of BMT
(n = 29) than for those who did not (n = 39) (OS; P <.001) (C). TRM was also significantly higher for children who did not achieve MCyR (P =.005) (D).
The solid lines show the probabilities of OS and TRM for children with MCyR at the time of BMT, and the dotted fines show the probabilities for those without.

BMT (P =.042), infused total nucleated cell dose ated with treatment-resistant GVHD in 14 patients (9
(P =.002), disease status (P <.001), and cytogenetic with aGVHD and § with ¢cGVHD). Infection was the
response at the time of BMT (P = .002). A history of cause of death in 12 patients. Six patients died from re-
imatinib therapy before BM'T marginally affected OS current CML between 3 and 28 months (median, 13

(P = .099). Multivariate analysis identified infused total months) after transplantation.
nucleated cell dose (RR=2.426; 95% CI=1326- Univariate analysis revealed that infused cell dose
4.441; P=.001) (Figure 2A), disease status (RR = (P = .013), disease phase (P = .006), and cytogenetic re-

2.427, 95% CI = 1.368-4.305; P = .002), and cytoge- sponse at the time of BMT (P = .001) were significant
netic response at the time of BMT (RR = 6.547; 95% risk factors for TRM. The interval between diagnosis
CI=1.982-21.629; P = .002) (Figure 2C) as indepen- to BMT (P=.083) and HLA mismatch (P=.087)

dent risk factors for OS (Table 3). were marginally associated with TRM. In the multivar-
: iate model, infused cell dose (RR =12.347; 95%
Causes of Death CI = 1.195-4.610; P = .013) (Figure 2B) and cytoge-

Fifty-two patients (42%) died after BMT from netic response at the time of BMT (RR = 9.055; 95%
a VUD (Table 4). The day-100 mortality rate was Cl=2.151-38.127; P = .003) (Figure 2D) were inde-
15.2 % (95% CI = 12.0%-18.4%). The main cause of ~ pendent risk factors for TRM (Table 3).
death was transplantaton-related complications, from .
which 46 patients (37%) died between day 8 and 10 Effects of HLA Compatibility
years (median, 4 months) after transplantation. These The influence of HLA compatibility between
included 18 transplantation-related deaths occurring recipient and donor on aGVHD, TRM, and OS was
before day 100 after transplantation. Death was associ- assessed by univariate analysis. aGVHD (grade II-IV)
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Table 3. Risk Factors for TRM and OS on Multivariate
Analysis

Covariates RR (95% Cl) P value
TRM
Infused cell dose
=314 x 10%/kg 0
<314 % 10%kg 2.347 (1.195-4.610) 013
Cytogenetic response at BMT
With MCyR ()
Without MCyR 9.055 (2.151-38.127) 003
os
Infused total nucleated cell dose
=314 x 10%kg 0
<314 x 10°%kg 2.426 (1.326-4.441) 004
Disease phase at BMT
CP| (1)
Advanced phase 2.427 (1.368-4.305) .002
Cytogenetic response at BMT
With MCyR )
Without MCyR 6.547 (1.982-21.629) 002

BMT indicates bone marrow transplantation; MCyR, major cytogenetic
response; OS, overall survival; TRM, treatment-related mortality.

was less frequent in patients with fully matched donors
than in those with mismatched donors (RR = 2.044;
95% CI=1.055-3.961; P =.034). TRM (RR =
1.902; 95% CI=0.894-4.045; P =.095) and OS
(RR =1.572;95% CI = 0.817-3.027; P = .176) tended
to be worse in mismatched transplantation, but the dif-
ference was not statistically significant. In the analysis
of each single allele mismatch, only the HLA-A allele
mismatch significantly affected OS (RR = 2.837; 95%
Cl=1.347-5.977; P =.006). HLA-C mismatch
marginally affected OS (RR=1.639; 95% CI=
0.945-2.843; P = .078), whereas HL.A-B, -DRBI, and
-DQBI1 mismatch were not significant. On multivari-
ate analysis, HLA compatibility was not identified as
an independent risk factor for acute GVHD, TRM,
or OS.

Table 4. Causes of Death

Advanced
CPI Phase Total
(n=88) (n=37) (n = 125)
TRM 26 20 46
Infections
Bacterial 4 | 5
Fungal | 0 I
Viral 3 | 4
Pneumocystis jirovecii I 0 1
Unknown 0 I |
Rejection 0 I |
Acute GYHD 5 4 9
Chronic GYHD 4 1 5
Idiopathic interstitial pneumonitis 6 4 10
Cardiac failure 0 | I
Respiratory failure 0 | I
Renal failure { | 2
Hemorrhage 0 2 2
Secondary malignancy I 0 |
Unknown 0 2 2
Relapse 1 5 6

CP indicates chronic phase; GVHD, graft-versus-host disease; TRM,
treatment-related mortality.
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Effect of Cytogenetic Response at
Transplantation

Cytogenetic response data were available in 68 of
88 patients (77%) who underwent transplantation in
CP1. Sixteen patients received imatinib, 35 received
IFN-a, and 3 received neither imatinib nor IFN-a.
MCyR at the time of BMT was achieved in 15 of the
16 patients (94%) treated with imatinib and in 14 of
the 35 patients (40%) treated with IFN-a.,

Patients with MCyR at the time of BMT (n = 29)
had significantly better OS and LFS than those with-
out MCyR (n=39): S-year OS=91.4%, 95%
CI = 85.4%-97.4% versus 53.4% and 45.3%-61.5%
(P =.001); 5-year LFS =81.0 %, 95% CI =73.2%-
88.8% versus 50.9% and 42.8%-59.0% (P=.02)
(Figure 2C). Although no significant difference in re-
lapse rate was seen between the 2 patient groups
(P = .91), TRM was significantly lower in those who
achieved MCyR at the time of BMT (n = 29) than in
those who did not (n=39): S5-year TRM = 9.6 %,
95% CI=3.0%-16.2% vs 41.0% and 32.7%-49.3%
(P = .005) (Figure 2D).

Effect of Pre-BMT Imatinib Therapy

In this cohort, 17 patients received imatinib before
transplantation, and 15 of them (88.2%) achieved
MCyR in CP1 before transplantation. This percentage
was significantly higher than that in the patients who
did not receive imatinib (88.2% vs 22.2%; P < .01).
A history of imatinib therapy had a positive effect on
survival (S-year OS =819 %, 95% Cl=72.4%-
91.4% vs 56.4% and 51.6%-61.2%; P = .086), but
this effect was not statistically significant.

DISCUSSION

Because of the small number of patients, to date
only a few studies have addressed the outcome of chil-
dren with Ph+ CML undergoing BMT with a VUD
[3-5]. The number of patients in the present study is
comparable to that of the largest previous study, which
included 132 children with CML undergoing BMT
from a VUD [4]. Furthermore, unlike that previous
study, our data set contains detailed information on in-
fused total nucleated cell dose, high-resolution HLA
compatibility, and cytogenetic response at the time
of BMT. Undl now, these variables have not been
evaluated in a pediatric CML population.

In clinical settings [13-15], as well as in animal
models [16,17], larger cell dose is recognized as an
important predictor of a favorable outcome for alloge-
neic BM'T. When an adult patient with CML receives
a transplant from a VUD, a lower infused total nucle-
ated cell dose is associated with an increased incidence
of TRM [18]. Our findings also demonstrate an associ-
ation between lower infused total nucleated cell dose
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and lower OS and LFS and a higher incidence of
TRM. These correlations are independent of recipi-
ents’ age. Moreover, all 6 patients who experienced
graft failure were in the lower infused total nucleated
cell dose group. Based on our findings, we recommend
BM harvest teams attempt to collect a higher number
of nucleated cells for infusion in CML patients under-
going BMT from a VUD.

Cytogenetic response to previous treatment with
IFN-o {19] and imatinib [20] has been reported to be
predictive for survival after allogeneic SCT in Ph+
CML. In the multivariate model of our entire cohort,
MCyR at the time of BMT was an independent predic-
tive factor for transplantation outcome. Furthermore,
subgroup analysis of the patients in CP1 confirmed
that the lower TRM rate in patients with MCyR at
the time of BMT contributed to a better survival rate
(Figure 2C), suggesting that MCyR is important for
better transplantation outcome in CP1 CML as well.
Recently, the Center for International Blood and
Bone Marrow Transplant Research reported a signifi-
cantly lower TRM and a better OS in imatinib-treated
patients undergoing allogeneic SCT [21]. In our
cohort, the imatinib-treated patients tended to have
a higher OS (P = .086), but the difference was not
statistically significant; however, our imatinib-treated
group was small (17 of 125 patients), which may have
reduced the statistical power.

We have now multiple treatment modalides for pe-
diatric CML, including allogeneic SCT, imatinib, and,
more recently, second-generation tyrosine kinase in-
hibitors. Although only few small studies have analyzed
the data on pediatric imatinib monotherapy [22,23],
those studies have reported comparable results to adult
large clinical trials [24-26]. Growth disturbance asa side
effect of imatinib in a pediatric CML patient was re-
ported recently [27]; this effect could be a serious draw-
back to long-term imatinib therapy in the future. Of
course, allogeneic SCT also has potential long-term se-
quelae, including growth retardation. We are currenty
planning a study comparing the long-term outcomes
and complications of therapy with tyrosine kinase in-
hibitors and allogeneic SCT in the imatinib era.

In summary, disease phase, infused total nucleated
cell dose, and cytogenetic response at the time of
BMT were found to be independent risk factors for
OS, LFS, and TRM in BMT from a VUD for the treat-
ment of pediatric CML. These results provide impor-
tant information for evaluating indications and
improving outcome in children with CML undergoing
unrelated BMT.
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Relapse of leukemia with loss of mismatched HLLA resulting from uniparental
disomy after haploidentical hematopoietic stem cell transplantation
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We investigated human leukocyte anti-
gen (HLA) expression on leukemic cells
derived from patients at diagnosis and
relapse after hematopoietic stem cell
transplantation (HSCT) using flow cy-
tometry with locus-specific antibodies.
Two of 3 patients who relapsed after HLA-
haploidentical HSCT demonstrated loss
of HLA alleles in leukemic cells at re-

lapse; on the other hand, no loss of HLA
alleles was seen in 6 patients who re-
lapsed after HLA-identical HSCT. Single-
nucleotide polymorphism array analyses
of sorted leukemic cells further revealed
the copy number-neutral loss of heterozy-
gosity, namely, acquired uniparental dis-
omy on the short arm of chromosome 6,
resulting in the total loss of the mis-

matched HLA haplotype. These results
suggest that the escape from immunosur-
veillance by the loss of mismatched HLA
alieles may be a crucial mechanism of
relapse after HLA-haploidentical HSCT.
Accordingly, the status of mismatched
HLA on relapsed leukemic cells should be
checked before donor lymphocyte infu-
sion. (Blood. 2010;115(15):3158-3161)

Introduction

Human leukocyte antigen (HLA) molecules expressed on the cell
surface are required in presenting antigens to T cells. The HLA
class I antigens are vital in the recognition of tumor cells by
tumor-specific cytotoxic T cells. The loss of HLA class I molecules
on the cell surface membrane may lead to escape from T-cell
immunosurveillance and the relapse of leukemia. Previously, loss
of HLA class I haplotype has been described in solid tumors.!-3
However, there are few reports concerning HLA-haplotype loss
in leukemia.*’

We examined HLA class I expression in leukemic blasts from
patients who relapsed after hematopoietic stem cell transplantation
(HSCT) to analyze whether the loss of HLA on leukemic cells was
related to the relapse after HLA-identical or haploidentical HSCT.

Methods

Patients and transplantation procedure

We identified 9 children with acute leukemia who relapsed after HSCT.
Their leukemic samples were cryopreserved both at the time of the initial
diagnosis and of relapse. The patients’ characteristics are summarized in
supplemental Table 1 (available on the Blood website; see the Supplemental
Materials link at the top of the online article). Three patients received HSCT
from an HLA-haploidentical family donor, and the other 6 patients received
HSCT from an HLA-matched donor (4 siblings and 2 unrelated donors).

Written informed consent was given by the parents according to the
protocol approved by the ethics committee of Nagoya University Graduate
School of Medicine in accordance with the Declaration of Helsinki.

HLA class | expression on leukemic cells

Samples were collected at diagnosis and post-transplantation relapse. HLA
expression of leukemic blasts and normal cells was analyzed by flow
cytometry as previously reported. Anti-HLA A2-FITC (cloneBB7.2) and
anti-HLA A24-FITC (clone17a10) monoclonal antibodies were purchased
from Medical & Biological Laboratories; HLA-A1l (IgM), HLA-A30,
HLA-31 (IgM), HLA-25, HLA-26 (IgM), HLA-Bw6 (IgG3), and HLA-
Bw4 (IgG3) antibodies were purchased from One Lambda. For leukemic
cell markers, CD13-PE (IgG1) were purchased from Immunotech and
CD34-APC (IgGl) were purchased from BD Biosciences. Samples were
analyzed with FACSCalibur cytometer and CellQuest software. The
method of genomic HLA typing was previously reported.’

Isolation of DNA and single nucleotide polymorphism analysis

The CD13%/CD34* leukemic blasts were sorted by flow cytometry from
bone marrow cells at the time of diagnosis and of relapse. Genomic
DNA was extracted from leukemic cells sorted by a fluorescence-
activated cell sorter as well as from phytohemagglutinin-stimulated
patient-derived T cells and subjected to single nucleotide polymorphism
(SNP) array analysis using GeneChip Nspl arrays (Affymetrix) accord-
ing to the manufacturer’s protocol. Allele-specific copy number was
detected using Copy Number Analyzer for GeneChip software as
previously described.?

Limiting dilution-based CTLp frequency assay

The frequencies of cytotoxic T-lymphocyte precursor (CTLp) specific for
the recipient-mismatched HLA molecules were analyzed using a standard
limiting dilution assay.’
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Figure 1. The loss of mismatched HLA expression on leukemic biasts caused by uniparental disomy on chromosome 6p impaired recognition and killing of
donor’s alloreactive cytotoxic T lymphocytes. (A) Leukemic biasts at the time of initial diagnosis and at the time of relapse after hematopoietic stem cell transpiantation
(HSCT) and donor lymphocyte infusion (DLI} were gated by CD34* and CD13*, and then the surface expression of mismatched human leukocyte antigen (HLA) alleles was
examined with anti-HLA-A2 antibodies. in 3 patients with acute myelogenous feukemia (AML) who experienced relapse after HLA-haploidentical HSCT, HLA-A2 expression
was lost in patient 1 at relapse 15 months after HSCT and lost in patient 2 at second relapse 6 months after DLI. (B) Single nuclectide polymorphism (SNP) array analyses of
sorted leukemic cells with the loss of an HLA allele revealed that the short arm of chromosome 6 shows copy number-neutral loss of heterozygosity or acquired uniparental
disomy as detected by dissociated allele-specific copy number plots (red and blue lines at the bottom), resuiting in the total loss of the mismatched HLA haplotype in both
patient 1 and patient 2. The presence of acquired uniparental disomy is also indicated by normat total copy numbers with missing heterozygous SNPs (green bars} in the distal
part of the short arm. (C) Recipient alloantigen-specific cytotoxic T-lymphocyte (CTL) clones were generated by a conventional cloning method from cytotoxicity-positive wells
obtained in the limiting dilution assays using the donor CD8* celis as responders. Donor CTL clones A1, A2, and A3 were specific for HLA-A*0206. Donor CTL clones B and B3
were specific for HLA-B*4001, all of which recognize mismatched HLA alleles between the donor and recipient. Those 5 representative CTL clones were tested for HLA
specificity and recognition of leukemic blasts obtained at the time of the initial diagnosis and at the time of HLA loss relapse after DL by a standard 5'Cr-release assay at the
effector/target ratio of 30:1. (D) Their interferon-y production was also assessed against leukemic blasts collected at the time of diagnosis and at the time of HLA-loss relapse.

Cytotoxic assay of CTL clones against leukemic blasts and a
mismatched HLA ¢cDNA-transfected B-lymphoblastoid cell line

was measured by enzyme-linked immunosorbent assay with 3,3',5,5’-
tetramethylbenzidine substrate (Sigma-Aldrich).

The remaining cells of several cytotoxicity-positive wells used for the
CTLp assay for the donor were used to obtain allo-HLA-restricted CTLs.
CTL clones were isolated by standard limiting dilution and expanded as
previously described.!0:1

The HLA class [-deficient 721.221 B-lymphoblastoid cell line was
maintained in RPMI 1640 medium supplemented with 10% fetal bovine
serum, 2mM L-glutamine, and 1mM sodium pyruvate. Retroviral transduc-
tion was conducted as previously described.!?

Results and discussion

Three children with high-risk acute myelogenous leukemia (AML)
received haploidentical grafts from their parents but relapsed 8, 14, and
15 months after HSCT. Patient 2 received 3 courses of donor lympho-

The cytotoxicity of CTL clones against target cells was analyzed by
conventional chromium 51 (°!Cr) release assay as previously reported.!3

CTL clones (10 cells/well) were mixed with the indicated stimula-
tor cells (10* cells/well) in 96-well, round-bottom polypropylene plates
and spun at 1200g for 3 minutes before overnight incubation in 200 pL
of RPMI 1640 medium supplemented with 10% fetal bovine serum.
On the next day, 50 pL of supernatant was collected and interferon-y

cyte infusion (DLI) for relapsed leukemia after haploidentical HSCT.
After the third unmanipulated DLI (107 CD3*/kg), she experienced
acute grade-IIT graft-versus-host disease and achieved complete remis-
sion. However, she experienced a second relapse 6 months later. To
monitor residual disease in those patients, we used flow cytometric
analysis with antibodies specific for the mismatched HLA alleles
between the donor and patient. Surprisingly, we found total loss of
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HLA-A2 expression on CD13*/CD34" leukemic cells from bone
marrow in 2 of 3 patients who underwent HLA-haploidentical HSCT,
whereas microscopic analysis showed relapse (Figure 1A). To test
whether HLA class I molecules could be up-regulated, samples were
cultured for 48 hours in medium supplemented with tumor necrosis
factor-a or interferon-y and measured again; however, no restoration
was observed (data not shown).

Next, to examine the potential loss of genes encoding the
undetectable HLA alleles, we sorted CD13*/CD34* leukemic
blasts and performed DNA genotyping. We found that, in addition
to the HLA-A locus, the HLA-B, -C, and -DR loci were not
encoded; only the mismatched haplotype was lost in both patients
(supplemental Table 2). We then questioned whether this phenom-
enon would also occur in HLA-matched HSCT settings using
anti-HLA class I antibodies. We did not observe any loss of HLA
class I expression in any of the patients at the time of relapse
(supplemental Figure 1). These results suggest that loss of HLA
class I haplotype at the time of posttransplantation relapse is
uncommon in HLA-matched HSCT.

To elucidate the mechanism of the loss of the mismatched HLA
haplotype, we performed an SNP armray analysis of genomic DNA
extracted from leukemic blasts at the time of diagnosis and of relapse.
Genomic DNA from patient-derived T cells was used as a reference.
Leukemic cells at the time of relapse showed copy number-neutral loss
of heterozygosity or an acquired uniparental disomy (UPD) of the short
arm of chromosome 6 encompassing the HLA locus, whereas no allelic
imbalance was identified at the time of diagnosis (Figure 1B). Loss of
one allele from one parent and duplication of the remaining allele from
the other parent led to UPD. !

In patient 2, we examined whether the number of CTLp had
changed during the posttransplantation course. Limiting dilution
analysis with a split-well 3'Cr-release assay was carried out to
compare the CTLp frequencies specific for the mismatched anti-
gens between the recipient and donor. Interestingly, the CTLp
frequencies were recovered after DLI (Table 1). Restoration of
CTLp after 3 DLIs could eradicate such leukemic cells, lasting for
6 months thereafter.

Next, we generated allo-HLA-restricted CTLs from CD87 cells
obtained at day 520 in patient2 and tested with the 721.221
B-lymphoblastoid cell line transfected with 1 of 3 mismatched
HLA alleles (Figure 1C-D).

Despite high transplantation-related mortality resulting from
severe graft-versus-host disease and posttransplantation infections,
haploidentical HSCT has been widely used with the expectation of
a strong graft-versus-leukemia effect.!®> However, our observation
provides a possible limitation of this strategy. Indeed, 2 of 3 pa-
tients showed genomic loss of the recipient-specific HLA-
haplotype, which led to escape from the graft-versus-leukemia
effect and relapse of the disease.

Vago et al also reported a similar observation in 5 of 17 (29.4%)
patients whose disease relapsed after haploidentical HSCT.!® Relapsed
leukemic cells may possess genomic instability that elicits genetic
diversity.!” Immunologic pressure by alloreaction to major HLA anti-
gens may select leukemic variants of HLA class I loss, which results in
the survival and proliferation of these variants.

In haploidentical HSCT, the importance of natural killer (NK)-
cell alloreactivity is emphasized to achieve the graft-versus-
leukemia effect.'®” HLA loss on leukemic blasts may in turn
enhance the NK-cell alloreactivity. Our 2 patients with HLA loss
had a group 1 homozygous HLA-C locus that is a suppressive killer
immunoglobulin-like receptor (KIR) for NK cells and a KIR-
matched donor (supplemental Table 2). Because UPD does not
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Table 1. The CTLp frequency reactive to the recipient alloantigen in
the recipient after transplantation and the donor

Maximum No. of growing CTLp frequency~!
Samples  CD8* input* wellst (95% confidence interval)
Donor 33 300 8 8.6 x 10° (1.49 X 105-5.0 X 10%)
Day 100 35500 0 up
Day 180 17 700 0 up
Day 3001 86 000 0 up
Day 520§ 95 000 7 4.3 X 10° (7.2 X 105-2.5 X 109

Purified CD8* T cells from the peripheral blood mononuclear cells obtained after
transpiantation from patient 2 and her donor were cultured at 2- or 3-fold serial
dilutions with 33 Gy-irradiated 3 X 10* leukemic blasts cryopreserved at the time of
initial diagnosis in 96-well, round-bottom plates in advanced RPMI 1640 medium
supplemented with 4% pooled human serum, interleukin-6 { IL-6), and 1L-7 (10 ng/mL.;
both from R&D Systems). The IL-2 (50 U/mL) was added on day 7 with a half medium
change. For each dilution, there were at least 12 replicates. On day 14 of culture, a
split-well analysis was performed for recipient-specific cytotoxicity against 5'Cr-
radiolabeled recipient T-cell blasts, donor T-cell blasts, and leukemic biasts harvested
at the lime of initial diagnosis and at the time of relapse after DLI if indicated. The
supematants were measured in a y counter after 4-hour incubation. The wells were
considered to be positive for cytolytic activity if the total counts per minute released by
effector cells was more than 3 SD above the control welis (mean counts per minute
released by the target cells incubated with irradiated stimutator cells alone). The
CTLp frequency was calculated using L-Calc software (StemCell Technologies). The
CTLp frequencies reactive with recipient T-cell blasts in CD8* T cells obtained
around days 100, 180, and 300 (4 months before relapse) were undetectable,
whereas the CTLp frequency obtained at day 520 (1 month after the third DLI or
2 weeks after remission confirmed by bone marrow aspirate) was close to the CTLp
frequency in the donor CD8* cells. Complete remission and more than 99% donor
chimerism were confirmed on those days

CTLp indicates CTL precursor; and UD, undetermined because no growing wells
are present.

*Number of input CD8* T cells seeded at the highest number per well.

tNumber of wells out of 12 wells that received the highest CD8* cells and
showed detectable growth.

}Corresponds to 4 months before relapse.

§Corresponds to 1 month after the third DLI or 2 weeks after complete remission
was confirmed by bone marrow aspirate.

change the total copy number of the gene, donor NK cells should
have been suppressed even after UPD occurred in these patients.
Interestingly, the remaining patient who experienced relapse with-
out HLA loss after HLA-haploidentical HSCT had a KIR-
mismatched donor, so alloreactive NK cells were possibly en-
hanced to kill leukemic blasts with HLA loss.

Although one limitation of our study is an insufficient number
of cases, our results combined with those in a recent report!®
suggest that leukemic cells occasionally escape from immunosur-
veillance through the loss of the mismatched HLA haplotype by the
mechanism of UPD after haploidentical HSCT. DLI for relapsed
AML is less effective than that for chronic myelogenous leukemia
after HLA-matched HSCT.2® However, DLI is effective even for
the relapse of AML after haploidentical HSCT.?! Evaluation of loss
or down-regulation of HLA on relapsed leukemic blasts after
HLA-haploidentical HSCT should be considered because DLI
would probably be ineffective in patients whose leukemic cells lose
HLA class I antigen.
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Abstract

Chronic graft-versus-host disease (GVHD) is the most common complication in the late stage after
allogenic hematopoietic-stem-cell-transplantation (SCT), but the pathophysiology and treatment strategy of
chronic GVHD remain poorly defined. Prolonged administration of cyclosporine (CSA) did not decrease the
risk of chronic GVHD. Recent studies using a mouse model have shown that regulatory T cells (Tregs) can
influence immune responses, and Tregs in the grafts can prevent acute GVHD when injected together with
donor T cells. However, it is not known whether Tregs remain in the grafts in the late stage of SCT and
play a role in preventing chronic GVHD.

First, we examined the origin of Tregs using a major histocompatibility complex (MHC) mismatched
mouse SCT model. Lethally irradiated C3H/HeN(H-2k) recipient mice received 10x106 T-cell-depleted
bone marrow (BM) cells from B6 Ly-5a(H-2b, CD45.1) mice and 1x10° spleen cells from CS7BL/6(B6, H-
2b, CD45.2) mice. Spleen cells were collected from SCT recipient mice at serial time points and subjected
to fluorescence-activated cell sorting (FACS) analysis. Transplanted mice displayed complete donor
hematopoietic chimerism and mild acute GVHD at day14. On day 21 (early stage) after SCT, host type
Tregs (CD4+FoxP3+ H-2k) were no longer detectable, and most of the Tregs (83+3%) were derived from
donor spleen Tregs (H-2b, CD45.2). However, the homeostatic expansion of spleen Tregs gradually
contracted and newly arising donor BM-derived Tregs (H-2b CD45.1) became dominant (93.8+0.5%) in the
late stage of SCT (day 120). As in the spleen, BM-derived Tregs reconstitution in the late stage was seen in
the thymus and mesenteric lymph nodes. Moreover, in a minor MHC-mismatched SCT model (B6 into
C3H.SW), Tregs in the late stage were derived from donor BM cells (97.0+0.2%). These BM-derived Tregs

suppress alloreactivity in the same manner as naturally occurring Tregs isolated from naive mice in the
MLR.

Next, we compared the effects of CSA and the mTOR inhibitor rapamycin (RAPA) on Tregs reconstitution.
Mice receiving CSA or RAPA showed the same Tregs reconstitution pattern: in the early and late stages,
Tregs were derived from donor spleen and BM cells, respectively. However, the number of Tregs in the
spleen was reduced significantly in mice receiving CSA, as compared to control mice receiving phosphate-
buffered saline (PBS; 1.3+0.2x10° vs, 2.4+0 6x10) at day 110.1In particular, the number of Tregs in the
thymus was reduced dramatically in mice receiving CSA (0.74£0.2 x10° vs. 2.6:0.5x10° , P<0.02). By
contrast, the numbers of Tregs in both the thymus and spleen from RAPA-treated mice were the same as
those from PBS-treated mice. Mice treated with everolimus, another mTOR inhibitor, also showed no
reduction in the numbers of Tregs. Histologic examination revealed that CSA-treated mice showed
pathogenic features of chronic GVHD, including sclerodermatous skin changes, bile duct loss, fibrosis in the

portal area of the liver and fibrosis and atrophy of acinar tissue in the salivary glands, while RAPA-treated
mice showed no sign of chronic GVHD.



Our findings indicate that a) Tregs cannot remain in grafts in the late stage, and newly arising donor BM-
derived Tregs became dominant; b) CSA hampers BM-derived Tregs reconstitution and may be associated
with the development of chronic GVHD; and ¢) mTOR inhibitors do not hamper Tregs reconstitution and
might prove beneficial for the treatment of both acute and chronic GVHD.
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Abstract 4487

Chronic graft-versus-host disease (¢<GVHD) remains a major cause of late death and morbidity after
allogeneic hematopoietic cell transplantation, and the treatment of cGVHD remains challenging. All-trans
retinoic acid (ATRA), a potent vitamin A derivative, can regulate immune responses. Synthetic retinoid
Am80, which shows biological activity approximately 10 times more potent than that of ATRA by binding
to RAR« and RARS, but not RAR?, also reduces the severity and progression of immune disease models,
including those for contact dermatitis, collagen-induced arthritis, allergic encephalomyelitis, and
atherosclerosis. We hypothesized that the administration of ATRA or Am80 could modulate cGVHD.
BALB/c (H-2%) mice were subjected to sublethal irradiation and injected with 8 x 10° T-cell-depleted bone
marrow cells and 8 x 10° spleen cells from major histocompatibility complex-matched, multiple minor
histocompatibility antigen-mismatched B10.D2 (H-29) mice. Then, the mice were given oral ATRA (200
pg/body), Am80 (1.0 mg/kg body weight), or vehicle daily, beginning from day 0. ATRA slightly decreased
the clinical cGVHD score, whereas Am80 significantly reduced the score (Table). When administered daily,
Am80 decreased the clinical score beginning from day 21, as in a treatment setting (data not shown).
Histopathological examination of the skin showed significantly reduced GVHD pathology in recipients of
Am80 (Table). Flow cytometry analysis of the peripheral draining lymph nodes on day 16 showed
significant reductions in IFN-¥*,IL-17*, and Foxp3* cells in Am80-treated recipients compared to controls
(Table), whereas no reduction in IL-13* cells was observed. Cytometric bead arrays and enzyme-linked
immunosorbent assays (ELISA) revealed decreased levels of the cytokines IFN-7, IL-17, TNF-«, and IL-6
in the supernatant of peripheral lymph nodes from Am80-administered recipients (data not shown). Real-
time RT-PCR of ears from these recipients on day 21 showed that the administration of Am80 reduced the
expression of Foxp3 and TGF-f} (Table and data not shown). Therefore, the administration of retinoids
ameliorates cGVHD by reducing Thl and Th17 inflammatory cytokines and the fibrosis factor TGF-3.
Thus, treatment with retinoids may be effective for prophylaxis and treatment of cGVHD.
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