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Hiroshi Yagasaki,'2 Seiji Kojima,2 Hiromasa Yabe,? Koji Kato,* Hisato Kigasawa,5 Hisashi Sakamaki,® Masahiro Tsuchida,”
Shunichi Kato,? Takakazu Kawase,® Yasuo Morishima,® and Yoshihisa Kodera,® for The Japan Marrow Donor Program

Department of Pediatrics, Nihon University School of Medicine, Tokyo, Japan; 2Department of Pediatrics, Nagoya University Graduate School of Medicine,
Nagoya, Japan; *Department of Celi Transplantation and Regenerative Medicine, Tokai University School of Medicine, Isehara, Japan; ‘Children’s Medical

Center, Japanese Red Cross Nagoya First Hospital, Nagoya, Japan; SKanagawa Children’s Hospital,

Japan; 8Dep of t Tokyo

Metropolitan Komagome Hospital, Tokyo, Japan; “Ibaragi Children's Hospital, Mito, Japan; 8Division of Immunology, Aichi Cancer Center, Nagoya, Japan;
9Department of Hematology and Cell Therapy, Aichi Cancer Center, Nagoya, Japan; and '®Department of Promotion for Blood and Marrow Transplantation,

Aichi Medical University School of Medicine, Nagak

Japan

We retrospectively analyzed the effect of
HLA mismatching (HLA-A, -B, -C, -DRB1,
-DQB1) with molecular typing on trans-
plantation outcome for 301 patients with
acquired severe aplastic anemia (SAA)
who received an unrelated BM it

were completely matched at 10 of 10 alleles,
69 (23%) were mismatched at 1 allele, and
131 (43.5%) were mismatched at = 2 alleles.

factor for poor survival and grade II-IV
acute GVHD. HLA-DPB1 mismatching was
not associated with any clinical outcome.

Subjects were classified into 5 subgroups:
complete match group (group l); single-

through the Japan Marrow Donor Pro-
gram, Additional effect of HLA-DPB1 mis-
matching was analyzed for 10 of 10 or 9 of
10 HLA allele-matched pairs (n = 169). Of
the 301 recipient/donor pairs, 101 (33.6%)

allele mi group (groups If and Hll);
multiple alleles restricted to HLA-C,
-DRB1, and -DQB1 mismatch group
(group IV); and others (group V). Multivar-
iate analysis indicated that only HLA dis-
parity of group V was a significant risk

We recc d the use of an HLA 10 of
10 allele-matched unrelated donor. How-
ever, if such a donor is not available, any
single-allele or multiple-allele (HLA-C,
-DRB1, -DQB1) mismatched donor is ac-
ceptable as an unrelated donor for pa-
tients with severe aplastic anemia. (Blood.
2011;118(11):3186-3190)

Introduction

BM transplantation from an unrelated donor (UBMT) is indicated
as salvage therapy for patients with severe aplastic anemia (SAA)
who fail to respond to immunosuppressive therapy. Early results of
UBMT have not been encouraging because of a high incidence of
graft failure and GVHD.! The Center for International Blood and
Marrow Transplant Rescarch (CIBMTR) reported the outcome of
232 patients with SAA who received an UBM (ransplant between
1988 and 1998.% The 5-year probabilities of overall survival (OS)
were 39% and 36% after matched unrelated and mismatched
unrelated donor transplantations, respectively. We previously re-
ported the outcome of 154 patients with SAA who received an
UBM transplant between 1993 and 2000 through the Japan Marrow
Donor Program (JMDP).? The S-year OS rate was 56% in that study.

In several recent studies, the effect of HLA high-resolution
matching on outcome of patients who received an UBM transplant
has been clucidated.>® However, results have been derived primar-
ily from an analysis of patients with hematologic malignancies.
Major obstacles for UBMT are different between patients with
hematologic malignancies and patients with SAA. Relapse is a
main cause of death for patients with hematologic malignancies,
and GVL effect may result in decrease of relapse rate. In contrast,
graft failure is the main problem, and GVHD is the only negative
effect for patients with SAA. Therefore, optimal HLA matching
may be different between these 2 populations. Algorithms for
donor selection derived from an analysis of patients with hemato-

logic malignancies might not be useful for patients with SAA.
However, a few studies have focused on the clinical significance of
HLA-allele compatibility in patients with SAA.249.10

In a previous study, we analyzed the clinical significance of
HLA allele mismatching in 142 patients with SAA, in whom data
of high-resolution typing of HLA-A, -B, and -DRB1 were avail-
able. Mismalching of HLA-A or -B alleles between donor and
recipient was a strong risk factor for acute and chronic GVHD and
OS, whereas mismatching of the HLA-DRBI allele did not have a
significant effect on patient outcomes. In the study from the
National Marrow Donor Program, mismatching of HLA-DRBI1
was the most crucial risk factor for 0S.2 These results indicate that
better donor selection through bigh-resolution typing might result
in improved outcome in patients with SAA who receive an UBM
transplant. In fact, several recent studies showed a significantly
improved outcome in patients with SAA who received and UBM
transplant over time.!''2 In particular, better HLA matching by
high-resolution typing has been thought to contribute to these
improvements,*9-!1

On the contrary, restricting BMT to donor-recipient pairs
perfectly matched at high-resolution typing reduces the chance of
undergoing UBMT for many patients. Therefore, strategies for
selecting a partially HLA allele mismatched donor are required
when a full matched donor cannot be identified. Here, we report a
detailed analysis of outcome in 301 patients with SAA who were
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typed for HLA-A, -B, -C, -DRB1, -DQBI, and -DPB1 by a
molecular technique and underwent UBMT through the JMDP.

Methods
Patients

From February 1993 to April 2005, 380 consecutive patients with acquired
SAA received an UBM transplant through the JMDP. Patients with
inherited AA, such as Fanconi anemia, and patients who received a BM
transplant > 2 times were excluded. This study includes 301 patients in
whom molecular analysis of HLA-A, -B, -C, DRB1, and -DQB1 were
performed by DNA-based methods. HLA-DPB1 was analyzed in 299 of
thesc paticnts. The previous study included 142 paticnts in whom molccular
typing was performed only for HLA-A, -B, and -DRB1.

Characteristics of the 301 patients and donors are shown in Table 1.
Briefly, patients (173 males and 128 females) were between birth and
64 years of age (median, 17 years of age). The median disease duration
before BM1 was 43 months (range, 4436 months). All patients failed
conventional h did

munc ive ics and were

personal Use 0Nl oeprag ¢ HLAALLELE MATCHING IN UBMT FOR SAA 3187

were submitted at 100 days and annually after transplantation. Analysis of
patient outcome was performed with the date of last reported follow-up or
date of death. Data were analyzed as of July 1, 2007.

Probability of OS and 95% confidence interval (95% CI) were estimated
from the time of transplantation according to the Kaplan-Meier method.
Cumulative incidence of ncutrophil engraftment at day 42 was analyzed in
the whole of patients by treating deaths until day 42 as a competing risk.
Cumulative incidence of acute GVHD at day 100 was analyzed in patients
who sustained engraftment by treating deaths until day 100 as a competing
risk. Cumulative incidence of chronic GVHD at day 365 was analyzed in
paticnts who sustained cngraftment and survived longer than day 100 by
treating deaths until day 365 as a competing risk. In univariate analysis, the
log-rank test or Gray test was used to assess the significance of HLA allele

i on clinical The Mann-Whitney U test was used to
compare the median days of neutrophil engraftment. The chi-square test or
Mann-Whilney U test was used to compare patient characteristics and
transplantation procedures between the paticnt groups. All P values < .05
were i istically signi whereas P values between .05 and
.1 were i as Ily signi

Multivariate analyses were performed to assess the effect of HLA allele

for UBMT. All patients or their guardians gave informed consent for
transplantation and submission of the data to the JMDP.

Transplantation procedure

Characteristics of the transplantation procedures are also shown in Table 1.
Patients underwent transplantations at individual centers following the Iocal
protocols for preconditioning regimens and GVHD prophylaxis. The
various preconditioning regimens used by individual centers were classified
into 5 categories: TBI or LFI + CY + ATG (n = 128), TBI or LFI + CY
(n = 103), TBI or LIl + CY + Flu with or without ATG (n = 39),
CY + Flu + ATG (n = 8), and others (n = 23). In 130 patients, CsA and
MTX were used for prophylaxis against GVHD; 134 patients received
FK instead of CsA. The remaining 35 patients received other GVHD
prophylaxis. Ex vivo T-cell depletion was not used for any patient. The
median number of infused nucleated marrow cells was 3.1 X 10%kg.
Onc-half (n = 150) of thc transplantations werc performed before
2000, and 151 were done after 2001.

HLA typing and definition of mismatching

HLA matching between paticnts and donors was based on HLA scrotyping
according to the standard technique. Partial HILA-A and -B alleles and
complete HLA-DRB1 alleles were identified as confirmatory HLA typing
during the coordination process, and HLA-A, -B, -C, -DQB1, and -DPB1
alleles were retrospectively reconfirmed or identified after transplantation.
Molecular typing of HLA-A, -B, -C, -DQB1, -DRBI, and -DPB1 alleles
was performed by the Lumincx microbead method (Luminex 100 system)
adjusted for the TMDP and in part by the sequencing-based typing method,
Mismatching was defined as the presence of donor antigens or alleles not
shared by the recipient (rejection vector) or the presence of recipient
antigens or alleles not shared by the donor (GVHD vector).

Definition of transplantation-related events

The day of engraftment was defined as the first day of 3 consecutive days on
which neutrophil count exceeded 0.5 X 10%/L. Patients who did not reach
neutrophil counts > 0.5 X 10%/L for 3 cc ive days after
tion were considered to have primary graft failurc. Paticnts with initial
engraftment in whom absolute neutrophil counts declined to < 0.5 X 10771,
b ly were i to have dary graft failure. Acute GVHD
was evaluated according to standard criteria in patients who achieved
engraftment, and chronic GVHD was luated ing to dard
criteria in patients who achieved engraftment and survived > 100 days
afler transplantation.

Data collection and statistical analysis

Transplantation data were collected with the use of standardized forms
provided by the JMDP. Patient baseline information and follow-up reports

on the clinical outcome by Cox proportional hazard model
(each mismatched group vs fully matched group; hazard risk = 1.0 as a
reference group). Factors other than HILA mismatching included in the
models were patient age, patient sex, donor age, donor sex, disease duration
before BMT, infused cell dose, matching of ABO blood type, GVHD
prophylaxis, and preconditioning regimens.

Results
HLA matching by DNA typing

Of the 301 recipient/donor pairs, 101 pairs (33%) were completely
matched at HILA-A, -B, -C, -DRB1, and -DQBI allele; 69 pairs
(23%) were mismatched at 1 HLA allcle; 59 pairs (20%) were
mismatched at 2 HLA alleles; and 72 pairs (24%) were mismatched
at = 3 alleles (Table 2). The number and frequency of 1-allele and
2-allele mismatches in either GVHD or rejection vector or both
vectors in each HLA allele were 55 (18.3%) and 7 (2.3%) in
HLA-A allele, 32 (10.6%) and 2 (0.7%) in HLA-B allele,
130 (43.2%) and 10 (3.3%) in HLA-C allele, 68 (22.6%) and
S (1.7%) in HLA-DRBI allele, 80 (26.6%) and 13 (4.3%) in
HLA-DQBI1 allele, and 179 (59.5%) and 44 (14.6%) in
HLA-DPBI allele, respectively. Because the frequency of mismatch-
ing was (oo high at the DPB1 allele, analysis of DPB1 mismatching
was separated from that of other alleles. In addition, because the
number of single-allele mismatched pairs of HLA-A, -B, -C,
-DRB1, and -DQB1 were too small for separate analyses, HLA-A
and -B were grouped into the mismatch of the HLA-A or HLA-B
allele (A/B) and HLA-DRB1 and -DQB1 into the mismalch ol (he
HLA-DRB1 or HLA-DQB1 allele (DRB1/DQB1), respectively.

Survival

Of the 301 patients, 202 are alive at the time of analysis with an
observation time from 3 to 128 months (median, 44 months) after
transplantation. Five-year OS was 66.3% (95% CI, 60.7%-72.5%)
in the whole population (supplemental Figure 1, available on the
Blood Web site; see the Supplemental Materials link at the top of
the online article). Subgroup analyses were performed in 8 main
subgroups (> 15 recipients) as follows: (1) complete match group
(n = 101), (2) single locus (A/B) mismatch group (n = 20),
(3) single (C) mismatch group (n = 42), (4) 2 loci (A/B + C)
mismatch group (n = 20), (5) 2 loci (DRB1/DQB1) mismatch
group (n = 19), (6) 3 loci (A/B + C) mismatch group (n = 15),
(7) 3 loci (C + DRBI/DQB1) mismatch group (n = 29), and
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Figure 1, Kaplan-Meier estimates of OS in 5 HLA groups.

(8) 3 loci (A/B + C + DRBI/DQB1) mismatch group (n = 21).
OS was significantly worse in the following groups than in the
complete match group (75.2%): 2 loci (A/B + C) mismatch group
(49.0%; P = .022), = 3 loci (A/B + C) mistmatch group (40.0%;
P =.002), and A/B + C + DRB1/DQB1 mismatch group (56.1%;
P = .031; supplemental Table 1).

On the basis of these primary results, 301 patients were
reclassified into 5 subgroups: HLA complete match group (group I;
n = 101), single-allele (A/B) mismatch group (group II; n = 20),
single-allele (C or DRB1/DQB1) mismatch group (group II;
n = 49), multiple-allcle (restricted to C or DRB1/DQB1) mismatch
group (group IV; n = 68), and others (group V; n = 63). The
probability of OS at 5 years was 75.2% (95% CI, 84.8%-66.7%) in
group I, 72.7% (95% CI, 96.7%-54.7%) in group II, 66.7% (95%
CI, 85.1%-52.3%) in group iIl, 69.7% (95% CI, 82.6%-58.8%) in
group IV, and 46.8% (95% CI, 61.7%-35.5%) in group V,
respectively (Table 3; Figure 1). Survival rate was significantly
inferior in group V than in group I (P = .003).

To avoid or minimize the effect of other HL A alleles mismatch-
ing, the cffcct of HLA-DPB1 mismatching was cvaluated in group
I (n=101) and groups II + III (n = 69), independently.
HLA-DPB1 was matched in 51 recipient/donor pairs (30%) and
mismatched in 118 pairs (70%). Patient characteristics and trans-
plantation procedures were not different between HLA-DPB1
matched and mismatched groups (supplemental Table 2). The
probabilily of OS at 5 years in group I was equivalent between the
HLA-DPB1 matched group (74.4%; 95% CI, 93.2%-59.4%) and
the HLA-DPB1 mismatched group (75.7%; 95% CI, 87.2%-65.8%;
P = 894; Table 4; Figure 2A). It was also equivalent in groups
11 + 1L (71.4%; 95% CI, 93.6%-54.5% in the HLA-DPB1 matched
group and in the HLA-DPB1 mismatched group (67.1%; 95% CI,
85.6%-52.5%; P = .826; Table 4; Figure 2B). Multivariate analysis
identified significant unfavorable variables as follows: recipient
age (0-10 ycars: relative risk [RR] = 1.0; 11-20 years: RR = 4.092,
P =.002; 21-40 years: RR = 3.970, P = .004; > 41 years:
RR = 5.241, P = .003), conditioning regimen (Flu + CY + TBY/
LFI = ATG: RR = 1.0; CY + TBVLFL: RR = 4.074, P = .058;
others: RR = 6.895, P = .013), HLA mismatching (group I:
RR = 1.0; group V: RR = 1.967, P = .023), donor sex (female:
RR = 1.0; male: RR = 1.850, P = .016), and GVHD prophylaxis
(FK + MTX: RR = 1.0; other: RR = 1.754, P = .024), blood type
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(ABO match or minor mismatch: RR = 1.0; major mismatch or
bidirection: RR = 1.948, P = .005), and disease duration
(<7 years: RR = 1.0; > 7 years: RR = 1.540, P = .084; Table 5).

Engraftment

The cumulative incidence of neutrophil engraftment at day 42 was
evaluated in 300 patients. It was 90.3% (95% ClI, 93.7%-86.9%) in
the whole population. Subgroup analyses showed that it was 93.0%
(95% Cl1, 98.2%-87.8%) in group 1, 90.0% (95% CI, 100%-74.6%)
in group 1L, 89.8% (95% CI, 98.9%-80.7%) in group I, 92.6%
(95% C1, 99.2%-86.0%) in group IV, and 84.1% (95% CI,
93.4%-74.8%) in group V (P = .185; Table 3). The median time to
engraftment was 17 days in group [; 18 days in groups II, III, and
1V; and 19 days in group V. Engraftment was marginally delayed in
group V compared with group I (P = .053). Additional HLA-DPB1
mismatching did not affect the cumulative incidence of engraft-
ment in the 10 of 10 and 9 of 10 matched groups, respectively
(Tablc 4). In multivariatc analysis, blood typc (ABO match or
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Figure 2, OS between HLA-DPB1 matched group and HLA-DPB1 mismatched
group. (A) Difference of OS between HLA-DPB1 matched group and HLA-DPB1
mismatched group in 10 of 10 HLA allele matched pairs. (B) Difference of
OS between HLA-DPB1 malched group and HLA-DPB1 mismatched group in 9 of
10 HLA allele matched pairs.
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18.9%-3.3%) in group IV, and 22.6% (95% ClI, 34.0%-11.2%) in
group V (P = .139; Table 3; Figure 3B). Additional HLA-DPB1
mismatching cvaluated in 155 paticnts did not affect the cumulative
incidence of grade II-IV acute GVHD in the 10 of 10 and 9 of
10 matched groups, respectively (Table 4). Multivariate analysis
showed that a significantly higher incidence of grade II-IV acute
GVHD was associated with HLA mismatching (group I: RR = 1.0;
groupIll: RR = 3.975, P = .002; group IV: RR = 3.334, P = .004;
group V: RR = 3.665, P = .002). Other significant risk [actors
were the preconditioning regimen (Flu +CY + TBYLFI = ATG:
RR = 1.0; TBI/LFI + CY: RR = 5.224, P = .003), and donor sex
(female: RR = 1.0; male: RR = 1.844, P = .034; supplemental
‘Table 3).

Chronic GVHD

The cumulative incidence of chronic GVHD at day 365 was
evaluated in 232 patients. It was 24.5% (95% CI, 30.3%-18.7%) in
the whole population. Subgroup analyses showed that it was
comparablc among the 5 HLA groups: 19.8% (95% CL, 28.8%-
10.8%) in group I, 26.3% (95% CI, 49.3%-3.3%) in group II,
282% (95% Cl, 43.3%-13.1%) in group III, 26.9% (95% CI,
39.2%-14.6%) in group 1V, and 27.3% (95% CI, 42.1%-12.5%) in
group V (P = .922; Table 3; supplemental Figure 3). HLA-DPB1
mismatching did not affect the cumulative incidence of chronic
GVHD (Table 4).

Discussion

The survival rate in UBMT has increased substantially over the
past 10 years in patients with SAA S!S A 5-year survival rate of
90% has been reported in a small series of children.!%\7 A recent

T v f i ¥
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Figure 3. Cumulative incidence of acute GVHD. (A) Cumulative incidence of grade

-V acute GVHD in 5 HLA groups. (B) Cumulative incidence of grade lll-IV acute
GVHD in 5 HLA groups.

minor mismatch: RR = 1.0; major mismatch or bidirection pair:
RR = 5.102, P = .039) and HLA mismatching (group I: RR = 1.0;
group V: RR = 4.906, P = .035) were significant risk factors for
engraftment.

Acute GVHD

The cumulative incidence of acute GVHD at day 100 was
evaluated in 272 patients. The cumulative incidence of grade II-IV
and grade II-1V acute GVHD was 27.2% (95% CI, 32.5%-21.9%)
and 12.9% (95% CI, 16.9%-8.9%) in thc whole population,
respectively (supplemental Figure 2). Subgroup analyses showed
that the cumulative incidence of grades II-IV acute GVHD was
statistically lower in group I (15.1%; 95% CI, 22.4%-7.8%) than in
group V (37.7%; 95% Cl, 50.9%-24.5%; P = .037), and margin-
ally lower than in group HI (31.8%; 95% CI, 45.8%-17.8%) and
group IV (31.7%; 95% CI, 43.3%-20.1%; Table 3; Figure 3A).
Whereas the cumulative incidence of grade III-IV acute GVHD
was not significantly different among 5 groups: 7.5% (95% CI,
24.6%-0%) in group I, 15.8% (95% Cl, 32.7%-0%) in group II,
13.6% (95% CI, 23.9%-3.3%) in group II, 11.1% (95% CI,

met: lysis showed that detailed HLA-matching facilitated by
DNA-based typing has contributed to the improved survival rate in
patients with SAA who received an UBM transplant.'® However,
many patients with SAA who need hematopoietic stem ceil
transplantation do not have an HLA-completc matched donor. Our
multivariate analysis indicated that among 4 HLA-mismatched
groups, only HLA disparity of group V was a statistically signifi-
cant unfavorable variable, We conclude that any type of HLA
single-allele mismatch or multiple-allele mismatch within HLA-C
and HLA class II (DRB1 or DQB1) is acceptable as an unrclated
donor when an HLA complete match donor is unavailable.

We previously reported that HLA class I allele mismatching
(HLA-A or -B) but not class II allele (HLA-DRB1) mismatching
was a significant risk factor for survival when 6 alleles were
analyzed.* HLA-A or -B mismatching pairs in the previous study
were separated into 2 groups in the current study in which 10 alleles
were analyzed. One group was a true single-allele mismatching
pair of HLA-A or -B alleles (group II), and another was a
multiple-allele mismatching pair of HLA-A or -B plus HLA-C
and/or class Il HLA alleles (group V). Because HLA-C and -DQB1
alleles were not typed, this type of multiple-allele mismatching
might be mistaken as a single-allele mismatching pair, which was
the reason for the inferior outcome of HLA-class 1 mismatching
pairs in our previous study.

As the same in our previous study, mismatching of HLA-DRB1
did not provide a significant impact on clinical outcome. An
HLA-DRB1 mismaiching pair was also classified into a true
single-allele mismatching of HLLA-DRB1 (group III) and HLA-
DRB1 plus HLA-C and/or HLA-DQB1 mismatching pairs (group
IV). Interestingly, multiple mismatching of group IV was not
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associated with increased morlality, which may explain why
mismatching of HLA-DRB1 did not have a deleterious effect in the
previous study.

The cffect of HLA-DPB1 mismatching was also cvaluated in
HLA complete matched pairs (n = 101) and single-aliele mis-
matched pairs (n = 69). The importance of DPB1 matching in the
UBMT setting has been mainly discussed in patients with hemato-
logic malignancies. Although results were controversial in early
reports, recent studies support a significant effect of DPB1
mismatching on the incidence of acute GVHD, disease relapse, and
0S.1922 In a large dataset of the International Histocompatibility
‘Working Group, there was a statistically significant higher risk of
both grade II-IV and grade III-IV acute GVHD.!® The increased
risk of acutc GVHD was accompanicd by a statistically significant
decrease in disease relapse, probably because of the GVL ellect,
which offset the deleterious effect of acute GVHD. Survival rate
was significantly better in DPBl-matched transplantations in
patients with standard-risk leukemia but not in advanced leukemia.
Conversely, in the HL.A-mismatched group, there was a significant
sorvival advantage in DPB1 mismatched pairs.

We expected that DPB1 matching might be beneficial for
patients with AA who do not need the GVL effect. However,
clinical outcomcs, including incidence of acute GVHD, were not
allected by DPB1 mismatching. HLA-DPB1 typing may not be
essential to the donor selection algorithm for patients with SAA.
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Indeed, HLA-DPB 1 mismatching was observed in 74% of recipient/
donor pairs, and it may be practically difficult to find HLA 12 of
12 matched donors.

In conclusion, this retrospective study confirms the importance
of HLA matching between recipients and donors to improve the
outcome of UBMT for patients with SAA patients. However, this
study showed that only 33% of patients received transplants from
an HLA 10 of 10 matched donor. The availability of unrclated
hematopoietic stem cell transplants can be increased through the
judicious selection of donors with HLA mismatches that do not
substantially lower survival.
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Relapse of aplastic anemia in children after immunosuppressive therapy:
a report from the Japan Childhood Aplastic Anemia Study Group

Takuya Kamio,* Etsuro Ito,* Akira Ohara,? Yoshiyuki Kosaka,® Masahiro Tsuchida,* Hiroshi Yagasaki,®

Hideo Muglshlma, leomasa Yabe,® Aklra Morimoto,’ Shoutchl Ohga,® Hideki Muramatsu ? Asahito Hama,®
Takashi Kaneko,' Masayuki Nagasawa,'* Atsushi Kikuta, Yuko Osugi,* Fumio Bessho,* Tatsutoshi Nakahata,*®
Ichiro Tsuklmoto, and Seiji Kojima,® on behalf of the Japan Childhood Aplastic Anemia Study Group

‘Department of Pediatrics, Hirosaki University Graduate School of Medicine, Hirosaki; “Department of Pediatrics, Toho University,
Tokyo; *Department of Hematology and Oncology, Hyogo Children’s Hospital; ‘Department of Pediatrics, tbaraki Children’s
Hospital, Mito; *Department of Pediatrics, Nihon University School of Medicine, Tokyo; “Department of Cell Transplantation, Tokai
University School of Medicine, Isehara; Department of Pediatrics, Kyoto Prefectural University of Medlcme, Graduate School of
Medical Science, Kyoto; ‘Department of Pediatrics, Graduate School of Medical Sci Kyushu Uni Fuk

'-’Department of Pediatrics, Nagoya University Graduate School of Medicine, Nagoya; **Department of Hematology/Oncology, Tokyo

litan Children’s Medical Center, Tokyo; “*Department of Pediatrics, Graduate Medical School, Tokyo Medical and Dental
University, Tokyo; *Department of Pediatrics, Fukushima Medical University, Fukushima, “Department of Pediatric
Hematology/Oncology, Osaka City General Hospital, Osaka; “Department of Pediatrics, Kyorin University School of Medicine,
Tokyo; *Department of Pediatrics, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Manuscript received on
October 20, 2010. Revised
Background version arrived on February 13,
Although the therapeutic outcome of acquired aplastic anemia has improved markedly with  2011. Manuscript accepted on
the introduction of immunosuppressive therapy using antithymocyte globulin and  March 14, 2011.
cyclosporine, a significant proportion of patients subsequently relapse and require second-line
therapy. However, detailed analyses of relapses in aplastic anemia children are limited. Correspondence:
Sejji Kajima, MD, PhD,
Design and Methotls Department of Pediatrics,
We previously conducted two prospective multicenter trials of immunosuppressive therapy for ~ Nagoya University Graduate
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Results
From 1992 to 2007, we treated 441 children with aplastic anemia with standard immunosup-
pressive therapy. Among the 264 patients who responded to immunosuppressive therapy, 42
(15.9%) relapsed. The cumulative incidence of relapse was 11.9% at 10 years. Multivariate
analysis revealed that relapse risk was significantly associated with an immunosuppressive
therapy regimen using danazol (relative risk, 3.15; P=0.001) and non-severe aplastic anemia
(relative risk, 2.51; P=0.02). Seventeen relapsed patients received additional immunosuppres-
sive therapy with antithymocyte globulin and cyclosporine. Eight patients responded within 6
months. Seven of nine non-responders to second immunosuppressive therapy received
hematopoietic stem cell transplantation and five are alive. Eleven patients underwent
hematopoietic stem cell transplantation directly and seven are alive.

Conclusions

In the present study, the cumulative incidence of relapse at 10 years was relatively low com-
pared to that in other studies mainly involving adult patients. A multicenter prospective study
is warranted to establish optimal therapy for children with aplastic anemia.
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introduction

Aplastic anemia (AA) is thought to be an immune-
mediated bone marrow disease, characterized by bone
marrow aplasia and peripheral blood pancytopenia.
Currently, two effective treatments are available for this
disorder: allogeneic bone marrow transplantation and
immunosuppressive therapy. Bone marrow transplanta-
tion from a human leukocyte antigen (HLA)-matched sib-
ling donor can cure the majority of transplanted patients
with severe AA.' The outcome after bone marrow trans-
plantation has been markedly better in children than in
adults, with less frequent and severe graft-versus-host dis-
ease and better overall survival** However, most children
with severe AA have no matched sibling donor and rely
on immunosuppressive therapy as first-line treatment.

The combinatior of antithymocyte globulin and cyclo-
sporine is now considered the standard immunosuppres-
sive regimen for children with severe AA who lack a
matched sibling donor.® Recent large trials of combined
immunosuppressive therapy for severe AA in children
demonstrated that the response rate is greater than 60%
and the 3- to 5-year survival rate is approximately 90%.”
7 However, relapse and clonal evolution with transforma-
tion to myelodysplasia or acute myeloid leukemia remain
significant problems after immunosuppressive therapy,
and long-term, event-free survival is less impressive than
after bone marrow transplantation.*® We previously
reported the results of a multicenter trial of immunosup-
pressive therapy for children with AA (AA-92 study).” In
the AA-92 study, the response rate at 6 months was 71%,
with the probability of survival at 4 years being greater
than 90%. However, a significant proportion of patients
subsequently relapsed and required second-line therapy.
To select the optimal therapy for such patients, a detailed
analysis concerning relapse after response to immunosup-
pressive therapy is very important; however, analyses of
relapse of AA in children after the standard combined
immunosuppressive regimen are very limited’"
Although the European Group for Blood and Marrow
Transplantation (EMBT) reported an analysis of relapse of
AA after immunosuppressive therapy in a large number
of patients, the study populations were primarily adults
treated in the 1970s and 1980s with antithymocyte glob-
ulin monotherapy.” A report from the Italian Association
of Pediatric Hematology and Oncology focused mainly
on the response to cyclosporine and dependence after
immunosuppressive therapy." A single-center retrospec-
tive apalysis from the National Institutes of Health
showed excellent long-term survival with a 33% cumula-
tive incidence of relapse at 10 years in children with
severe AA who responded to the standard immunosup-
pressive therapy; however, a detailed analysis of relapse
that included risk factors was not provided."

We previously conducted two prospective multicenter
studies: the AA-92 and AA-97, which began in November
1992 and October 1997, respectively*™ From 1992 to
2007, 473 children with AA were treated with immuno-
suppressive therapy in these studies, and 441 of the chil-
dren were treated with antithymocyte globulin plus
cyclosporine. In the present study, we assessed the
relapse rate, risk factors for relapse, response to second-
line treatment, and prognosis after relapse in AA children
treated with an antithymocyte globulin/ cyclosporine-
based regimen.

Risk factor for relapse of childhood AA.

Design and Methods
Patients

Two consecutive prospective studies were designed by the
Japan Childhood Aplastic Anemia Study Group and involved 79
hospitals in Japan. The eligibility criteria have been described
* The severity of disease was determined according to
currently used criteria. ™ Discase was considered severe if at
least two of the following were present: {i) neutrophil count less
than 0.5x10%L; (i) platelet count less than 20x10%L; and (jii)
reticulocyte count less than 20x10%L with a hypocellular bone
matrow. AA was considered very severe if the above criteria for
severe disease were fulfilled and the neutrophil count was less
than 20x10"/L. Non-severe disease was defined by at least two of
the following: (i) neutrophil count less than 1.0x10%L, (ii) platelet
count less than 50x10%L; and (iii) reticulocyte count less than
60x10°%/L with a hypocellular bone marrow. Allogeneic bone mar-
row transplantation was recommended for those patients with
severe or very severe disease who had a matched sibling donor.
This study was approved by the Ethic Committee of Hyogo
Children Hospital.

Treatment

The details of the immunosuppressive therapy administered
were described in previous reports.'? Immunosuppressive thera-
py consisted of horse antithymocyte globulin (Lymphoglobulin;
Genzyme Corp., Cambridge, MA, USA) (15 mg/kg per day, days
1 to 5), cyclosporine (6 mg/kg per day, days 1 to 180, with subse-
quent adjustments to maintain the whole blood cyclosporine
concentration between 100 to 200 ng/ml), and methylpred-
nisolone for prophylaxis against allergic reactions {2 mg/kg per
day for 5 days, with subsequent halving of the dosc every week
until discontinuation on day 28). Patients with very severe AA
were treated with immunosuppressive therapy plus granulocyte-
colony stimulating factor (G-CSF) (Filgrastim; Kirin, Tokyo,
Japan) [400 pg/m’ on day 1, with responding patients (neutrophil
count > 1.0x10°/mL) receiving the same dose three times a week
for 3 months in the AA-92 study and for 60 days in the AA-97
study]. In the AA-92 study, the addition of G-CSF to immunosup-
pressive therapy for paticats with severe AA and non-severe AA
was randomized, while in the AA-97 study, G-CSF was not given
to patients with severe AA or non-severc AA except to those
with documented severe infection. All patients in the AA-92
study received danazol at a dose of 5 mg/kg/day for 6 months,
and danazol was discontinued without tapering.

Assessments

A complete response was defined for all patients as a neu-
trophil count greater than 1.5x10°/L, a platelet count greater than
100x10°%L, and a hemoglobin level greater than 11.0 g/dL. For
patients with severe AA and very severe AA, a partial response
was defined as a neutrophil count greater than 0.5x10"/L, a
platclet count greater than 20x10°/L, a hemoglobin level greater
than 8.0 g/dL, and no requirement for blood transtusions. For
patients with non-severe AA, a partial response was defined as a
neutrophil count greater than 1.0x10%/L, a platelet count greater
than 30x10°/L, a hemoglobin level greater than 8.0 g/dL, and no
requirement for blood transfusions.” In patients with a complete
response on day 180, the cyclosporine dose was tapered down
slowly (10% of adjusted dose per month). In those with a partial
response, cyclosporine was continued for another 6 months to
allow further improvement of blood counts. Tapering of
cyclosporine was started on day 360 (10% every 2 weeks) regard-
less of response.

The hematologic response was evaluated 6 months after the
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initiation of therapy. Relapse was defined by conversion to no
response from a partial or complete response and/or the require-
ment for blood transfusions”

Statistical analysis

Failure-free survival curves were calculated by the Kaplan-
Meier method, and evaluated by the log-rank test. The Cox pro-
portional hazards model was used to assess the risk factors for
relapse after immunosuppressive therapy using both univariate
and multivanate analyses. The estimated magnitude of the rela-
tive risk (RR) is shown along with the 97.5% confidence interval
(CI). Cumulative incidence using the competing risk method, as
described by Fine and Gray,” was used for the assessment of fac-
tors predicting relapse. The competing events of relapse were
death and transplantation.

Results

Patients’ characieristics

In the AA-92 and AA-97 studies, 441 AA children were
weated with antithymoeyte globulin plus cyclosporine
between 1992 and 2007. The charactetistics of all the
patients studied are summarized in Table 1. There were
112 and 329 patients in the AA-92 and AA-97 studies,
respectively. The median age of all these patients was 8.3
years (range, 0 to 17 years). Patients with very severe
(n=210), severe (n=149) and non-severe disease (n=82)
received initial immunosuppressive therapy consisting of
antithymocyte globulin and cyclosporine. Six months
after the initial immunosuppressive therapy, 264 patients
(59.9%) had achieved a complete response (n = 91) or par-
tial response (n=173). Among the 264 patients who
responded to immunosuppressive therapy, 42 (15.9%)
subsequently relapsed. The cumulative incidence of
relapse was 11.9% at 10 years and the median time from
diagnosis to relapse was 21 months (range, 6 to 138
months). The median time from response to antithymo-
cyte globulin therapy to relapse was 22 months (range, 2
to 135 months).

Risk factors for relapse

Two hundred and sixty-four patients with a total of 42
events were eligible for analyses of risk factors for relapse.
In univariate analysis, two parameters, hon-severe disease
(RR=2.98, 97.5% CI 1.40 - 6.34, P=0.0047) and use of
danazol (RR=3.44, 97.5% CI 1.78 - 6.65, P=0.00023), were
statistically significant risk factors (Table 2). In contrast,
the relative risk of relapse for patients with post-hepatitis
AA was significantly lower than the relative risk for
patients with idiopathic AA (RR=0.234, P=0.043), Gender,
age, duration of AA prior to initial treatment, early
response {within 90 days after immunosuppressive thera-
py), use of G-CSE, and HLA-DR2 could not be identified as
risk factors. In multivariate analysis, two factors, non-
severe AA (RR=2.51, 97.5% C1 1.15 - 5.46, P=0.02) and
use of danazol (RR=3.15, 97.5% Cl 1.62 - 6.12, P=0.001)
remained statistically significant. Figure 1A shows the
cumulative incidence of relapse of patients with non-
severe AA (35.3%), severe AA (12.9%), and very severe
AA (12.0%) 10 years after the first immunosuppressive
therapy. The cumulative relapse rate of patients with non-
severe AA was significantly higher than that of patients
with severe AA (P=0.025) or very severe AA (P=0.005).
Figure 1B shows the actuarial risk of relapse at 10 years

among patients treated with danazol (29.0%) and in the
group not treated with danazol (9.8%) (P<0.001).

0, et § 1

B therapy versus
hematopoietic stem cell transplantation
as second-line therapy

Among 42 relapsed patients, 17 received a second course
of immunosuppressive therapy with antithymocyte globu-
lin and cyclosporine. Eight of these 17 patients responded
within 6 months and are alive. Seven of nine non-respon-
ders to second immunosuppressive therapy received
hematopoietic stem cell transplantation (HSCT) as salvage
therapy. The hematopoietic stem cell donors were HLA-
matched unrelated bone marrow donors (n=4), unrelated
cord blood donors (n=2) and one matched sibling donor.
Five of seven patients are alive following HSCT. Eleven
patients underwent HSCT directly from an alternative
donor (unrelated bone marrow donor, n=7; unrelated cord
blood donor, n=1, HLA-mismatched family donor, n=3)
and seven are alive. The estimated failure-free survival
from the beginning of second-line therapy was 63.6% in
the HSCT group compared with 47.1% in the groups treat-
ment with repeated immunosuppressive therapy (P=0.96).

Table 1. Patients’ pretreatment characteristics.

Registered 210 149 82
Sex (male/female): - 115/85 83/66. . 4135
Median age, years (range) 8.1 (0-17) 83 (1-17) 85 (2-16)
Etiology of AL S S
1dcopathic ; 168 125 4
Hepatifis 3 21 7
Viral infection 2 1 0
S Drg 3o 2 1

Median days from diagnosis 204 (1-146)  30.6 (1-180)  44.8 (3-180)
to treatment (range)

Study (AA-92/AA-9T) 460184 38111 28/54
Response (complete/ 128 (40%88) 91 (3853) 45 (1382)
partial) (%) (61.0%) (61.1%) (54.9%)
Relapse (AA-92/AA9T) oo BB 95 143

Table 2. Risk factors for relapse in patients with aplastic anemia by
univariate analysis.

Sex, male 0.977 (0.514-1.86) 0.94
Age i 1.01:(0.947:1.08) - 0.78
Etiology of AA
Ideopathic 4.97 (1.22-20.2) 0.025
Hepatitis 0.234 (0.0577-0.952) 0.043
‘Duration of AA'prior o initial treatment © 1.01/(0.998-1.02) =~ - 0.1
Response at 90 days 1.07 (0.517-221) 0.86
Severityof disease” © e .
Non-severe - - - 2.98(1.40-634) - -0.0047
Severe oo 121(0561-2.63) 0.6
Verysevere . iy :
Study, AA-92 (Danazol+) 344 (1.78-6.65) 0.00023
G-CSE (&) = s (.915(0.363-231) 085
HLA-DR2 0.905 (0.307-2.67) 086
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immunosuppressive therapy
in children with aplastic ane-
mia. (A) The cumulative
relapse rate of patients with
non-severe aplastic anemia
{NSAA) was significantly high-
er than that of patients with
severe aplastic anemia (SAA)
(P=0.025) and very severe
aplastic anemia (VSAA)
{P=0.005) 10 years after the
first  immunosuppressive
therapy. (B) The actuarial risk
of relapse at 10 years was
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The overall survival rate did not differ between the immu-
nosuppressive therapy group (84.7%) and the HSCT group
(63.6%) after second-line treatment (P=0.07). Other
patients were treated with cyclosporine alone (n=6) or
bone marrow transplantation from a matched sibling donor
(n=6). Two patients did not receive second-line treatments.
One patient developed clonal evolution to myelodysplastic
syndrome after 65 months, and the second developed acute
myeloid leukemia after 37 months. Two patients showed
clonal evolution to paroxysmal nocturnal hemoglobinuria
after 138 months and 55 months. There were seven deaths
among the 42 patients who initially relapsed. The causes of
death were HSCT-related complications (n=5), acute
myeloid leukemia (n=1) and bacteremia (n=1). The overall
10-year survival rates for patients with very severe AA,
severe AA, and non-severe AA were 82.2+3.3%,
82.124.7% and 98.2+1.8%, respectively.

Discussion

Analysis of relapse in children with AA responding to
immunosuppressive therapy will provide valuable informa-
tion for the management of childhood AA. Here, we pres-
ent the results of a comprehensive analysis of the largest
consecutive series of AA children treated with standard
immunosuppressive therapy. Relapse of AA after immuno-
suppressive therapy is relatively common, with actuarial
risks of 30 - 40% baving been reported.* In the present
study, the cumulative incidence of relapse at 10 years was
11.9%, which is relatively low compared with that found
in other studies that primarily involved adult patients.”*
Differences in the study populations may explain the dis-
crepancy between the results of our current study and
those of the other studies. A recent Italian study of child-
hood AA showed a 16% cumulative incidence of relapse,
which is comparable with that found in our study.®

Multivariate analysis of the data from this retrospective
multicenter study shows that the use of danazol was the
most statistically significant risk factor for relapse. From
1992 to 2007, 441 children with newly diagnosed AA
were treated with immunosuppressive therapy consisting
of antithymocyte globulin and cyclosporine with (the AA-
92 study) or without danazol (the AA-97 study). There are
several reports of the efficacy of anabolic steroids in the
treatment of AA. A randomized trial from the EBMT SAA
working party demonstrated that the addition of an ana-

v g ly higher in the

50 100 150 200 group treated with danazo!

Months {29.0%) than in the group not
treated with danazol (3.8%)
{P<0.001).

bolic steroid (oxymetholone) to antithymocyte globulin
treatment improved the response rate of patients with
treated AA.* In our study, consistent with that report, the
response rate at 6 months was higher in the patients who
received immuposuppressive therapy with danazol
(67.9%) than in the group of patients who received
immunosuppressive therapy without danazol (57.1%).
Furthermore, our results also showed that the cumulative
relapse rate was significantly higher in the patients treated
with immunosuppressive therapy plus danazol (Figure
1B). The reason danazol has an impact on relapse is
unknown. However, it is possible that a number of cases
with an androgen-responsive congenital bone marrow
failure syndrome such as dyskeratosis congenita were hid-
den in our series of AA patients, and discontinuation of
danazol was responsible for refapse. Recent reports have
shown that a bone marrow failure syndrome of variable
severity due to dyskeratosis congenita may be present in
otherwise phenotypically normal individuals, and can
masquerade as acquired AA®* We found mutations in
the telomerase reverse transcriprase (TERT) gene, which is
one of the genes causing dyskeratosis congenita, in two of
96 Japanese children with acquired AA.* Recently, more
dyskeratosis congenita genes have been discovered. It is
possible that more cases with an androgen-responsive
dyskeratosis congenita were hidden in our series of AA
patients. Alternatively, danazol may inhibit complete
eradication of pathological T-cell clones by antithymocyte
globulin through an unknown mechanism. Understanding
the effects of androgens and developing androgen-mimet-
ic drugs could be of significant benefit.

In our cohort of patients with pon-severe AA, most
patients were transfusion-dependent. In the AA-92 and
AA-97 studies, 82 patients with non-severe AA were treat-
ed with the standard inumunosuppressive regimen consist-
ing of antithymocyte globulin and cyclosporine. Six
months after the initial immunosuppressive therapy, 13
patients had achieved a complete response and 32 patients
achieved a partial response. Among the 32 patients who
achieved a partial response, 14 patients later relapsed.
However, 18 patients with non-severe AA patients who
achieved a partial response maintained their hematologic
response, and 12 of them subsequently achieved a com-
plete response. When childhood non-severe AA is treated
with supportive care, 67 % of patients progress to develop
severe AA, suggesting that it is important to consider early
immunosuppressive therapy.” Our data indicate that
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immunosuppressive therapy is beneficial for some
patients with non-severe AA.

A previous Japanese study showed that the addition of
G-CSF to immunosuppressive therapy increased the
hematologic response rate after 6 months and reduced the
relapse rate in adult patients with severe AA.* Recently,
Gurion e al. conducted a systematic review and meta-
analysis of randomized controlled trials comparing treat-
ments with immunosuppressive therapy with or without
hematopoietic growth factors in patients with AA, The
addition of hematopoietic growth factors did not affect
mortality, response rate, or occurrence of infections, but
did significantly decrease the risk of relapse. The data
from our AA-92 trial were included in this meta-analysis.
In contrast to the other five studies in the meta-analysis,
only our study included patients with non-severe AA,
who had a significantly higher relapse rate than that of
patients with either severe AA or very severe AA.
Differences in the study populations may explain the dis-
crepancy between the results of our current study and
those of the other studies in the meta-analysis. To com-
pate our results with the other studies, we excluded
patients with non-severe AA from the statistical analysis,
and compared the risk of relapse between patients who
did or did not receive G-CSE The results again showed no
significant differences in the relative risk between them
(RR=2.71, 97.5% C10.614 - 12.0, P=0.19).

The majority of patients who expenenced relapse
respondcd to reintroduction of immunosuppressive
agents.” Our present study also demonstrates that a sec-
ond course of immunosuppressive therapy was a safe
and effective treatment for the patients who relapsed
after the first immunosuppressive therapy. However, an
optimal second immunosuppressive therapy regimen has
not yet been established. Furthermore, about half of the
relapsing patients eventually received HSCT in our
study. The treatment choice was based on center-related
preferences or on apecdotal evidence. A multicenter
prospective study is warranted to establish optimal ther-

Appendix

The following centers and persons participated in the Japan
Childhood Aplastic Anemia Study Group: Japanese Red Cross
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Medicine (S. Morimoto); Kobe University School of Medicine (Y.
Takeshima); Hyogo College of Medicine (Y. Ohtsuka); Tokas
University (H. Yabe); Shizuoka Children’s Hospital (J. Mimaya);
Fulkushima Medical University (A. Kikuta); Tokyo Metropolitan
Children’s Medical Center, Tokyo (T. Kaneko); Osaka City
General Hospital (]. Hara); Nagoya University (S. Kojima) ; Jichi
Medical School (T. Yamauchi); Kagoshima University (Y.
Kawano); Okayama University (M. Oda); Hokkaido University
(R, Kobayashi); Hiroshima University (S. Nishimura);
Kanazawa University (S. Koizumi); Keio University (T. Mori);
Hiroshima Red Cross Atomic Bomb Hospital (K. Hamamoto);
Chiba University (T. Sato); Hirosaki University (E. Ito); Teikyo
University School of Medicine (E Ohta); Tottori University (T.
Kawakami); Dokkyo University School of Medicine (K. Sugita);
Kumamoto National Hospital (K. Takagy); Seirei Hamamaisu
Hospital (T. Matsubayashi); Hyogo Children’s Hospital (Y.
Kosaka); Yokohama City University (K. Ikuta); Yamaguchi
University (H. Ayukawa); Kanagawa Children’s Medical Center
(T. Kigasawa); Hirakata City Hospital (C. Kawakami);
Nakadohri General Hospital (A. Watanabe); Gumma Children’s
Hospital (T. Shitara); National Defence Medical College (1.
Sekine); Gifu University School of Medicine (K. Isogai);
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University of Ryukyu (N. Hyakuna); Narita Red Cross Hospital
(K. Sunami); Asahikawa Medical College (M. Yoshida); Nagoya
City University (Y. Iro).
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In aplastic anemia, predictive markers of response to immuno-
suppressive therapy have not been well defined. We retrospec-
tively evaluated whether clinical and laboratory findings before
treatment could predict response in a pediatric cohort from the
multicenter AA-97 study in Japan. Between 1997 and 2006, 312
newly diagnosed children were enrolled and- treated with a
combination of antithymocyte globulin and cyclosporine. In
multivariate analyses, lower white blood cell count was the
most significant predictive marker of better response; patients
with white blood cell count less than 2.0x10%L showed a high-
er response rate than those with white blood cell count of
2.0x10%L or more (P=0.0003), followed by shorter interval
between diagnosis and therapy (P=0.01), and male sex
(P=0.03). In conclusion, pre-treatment clinical and laboratory
findings influence response to therapy. The finding that

response rate worsens with increasing interval between diag-
nosis and treatment highlights the importance of prompt
immunosuppressive therapy for patients with aplastic anemia.
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introduction

Aplastic anemia (AA) is defined as peripheral blood pancy-
topenia caused by bone marrow failure, and the pathogenesis
is thought to involve autoimmune processes.”” Several studies
have confirmed immunosuppressive therapy (IST) with
antithymocyte globulin (ATG) and cyclosporine (CyA) as a
promising therapeutic option for patients lacking HLA-identi-
cal related donors." Although several potential markers of IST
response that appear to reflect the immune pathophysiology of
aplastic anemia have been suggested, mainly from adult stud-
ies,”" none have been widely accepted. We have already inves-
tigated the clinical relevance of HLA, a minor population of
paroxysmal nocturnal hemoglobinuria-type cells, and a specific
autoantibody associated with aplastic anemia in pediatric
patients, finding no corrclation between these markers and
response to therapy.”

Some groups have recently shown that pre-treatment labora-
tory variabies are associated with good response to immuno-
suppressive therapy, but those results remain controversial, as
the numbers of children included in the study was relatively
small and the drugs used for immunosuppressive therapy have
not been consistent.”* The present study, therefore, evaluated
whether clinical and laboratory findings before treatment could
predict immunosuppressive therapy response in a large popu-
lation of children with aplastic anemia enrolled in a multi-cen-
ter study.

Design and Nethods

Patients

Between October 1997 and September 2006, a rotal of 312
Japanese children with aplastic anemia (AA) from 118 hospitals
were envolled in the AA-97 multicenter study conducted by the
Japan Childhood Aplastic Anemia Study Group. Patients with
acquired AA were eligible if the following criteria were met: age
under 18 years; newly diagnosed disease (180 days) without spe-
cific prior treatment; and moderate to very severe AA. The disease
was considered severe if at least 2 of the following were noted:
neutrophil count less than 0.5x30YL; platelet count lfess than
20x10°/L; or reticulocyte count less than 20x10°/L with hypoceltu-
lar bone marrow.*® AA was cansidered very severe if the eriteria for
severe disease were fulfifled and neutrophil count was less than
0.2x10°%/L. Moderate disease was defined by at least 2 of the follow-
ing: neutrophil count less than 1.0x10%/L; platelet count less than 50
x10%/L; or reticulocyte count less than 60x10/L.° Patients with con-
genital AA or paroxysmal nocturnal hemoglobinuria were exclud-
ed. Allogeneic stem cell transplantation was recommended for
patients with severe or very severe disease who had an HLA-
matched sibling, so these patients were not included in the AA-97
study. Written informed consent was obtained From all parents and
all patients over the age of ten years. All study protocols were
approved by the ethics committee of each participating hospital.
The study also conforms to the recently revised Declaration of
Helsinki.
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All patients were treated with a combination of intravenous
ATG (Lymphoglobulin; Genzyme, Cambridge, USA) at 15
mg/kg/day for five days and oral CyA at 6 mg/kg/day. The dose of
CyA was adjusted to maintain trough levels between 100 and 200
ng/ml, and the appropriate dose was administered for at least six
months. Granulocyte colony-stimulating factor (Filgrastim; Kirin,
Tokyo, Japan) was administered intravenously or subcutaneously
at 400 pg/m’ for three months only to patients with very severe
disease.” Response to IST was evaluated at six months after initi-
ation of therapy. Complete response (CR) was defined as a neu-
trophil count more than 1.5x10°L, a platelet count more than
100x10%/L, and a hemoglobin level more than 11.0 g/dL." Partial
response (PR) was defined as a neutrophil count more than
0.5x10°/L, a platelet count more than 20x10%L, and a hemoglobin
level more than 8.0 g/dL in patients with severe or very severe AA,
and as a neutrophil count more than 1.0x10°/L, a platelet count
more than 30 x10°/L, and a hemoglobin level more than 8.0 g/dL
in patients with moderate AA.” Overal] response was defined as
CR or PR at six months after IST.

Statistical anslyses

Parameters for univariate analyses to determine predictors of
response to IST included age at diagnosis, sex, interval between
diagnosis and treatment, etiology, severity of disease, white blood
cell (WBC) count, neutrophil count, lymphocyte count, hemoglo-
bin level, reticulocyte count, and platelet count. Pre-treatment lab-
oratory values were defined as the lowest value without transfu-
sions during the four weeks preceding IST. Continuous variables
were divided into quartile categories, and these cut offs were used
for categorical analysis. To evaluate correlations between these
parameters and response, differences in continuous variables were
analyzed using the Mann-Whitney U-test and differences in fre-
quencies were tested using the ¥’ or Fisher's exact test. For multi-
variate analyses, logistic regression modeling was performed.
Important covariates in the multivariate models were chosen using
stepwise variable selection procedures. Values of P<0.05 were con-
sidered statistically significant.

Resuits and Discussion

Patients’ characteristics are shown in Table 1. A total of
312 patients fulfilled the eligibility criteria. Median age at
diagnosis was eight years. Severity of AA was considered
very severe in 156 patients, severe in 107 patients, and mod-
erate in 49 patients. The median interval between diagnosis
and treatment was 15 days. A total of 176 of the 312
(56.4%) patients improved with IST and achieved PR
(n=131) or CR (n=45) at six months. All of them achieved
transfusion independence.

To determine predictors of IST response, we compared
differences in potential pre-treatment variables between
IST responders and non-responders. The following were
analyzed both for prevalence in categorical variables and
differences in continuous variables: age at diagnosis, inter-
val between diagnosis and treatment, WBC count, neu-
trophil count, lymphocyte count, hemoglobin level, reticu-
locyte count, and platelet count. In univarate analyses,
‘WBC count, lymphocyte count, interval between diagnosis
and therapy, and gender showed associations with IST
response (Table 2). We also performed multivariate logistic
regression analysis to assess the simultaneous contributions
of each of the variables in predicting response. In these
analyses, lower WBC count (P=0.0003), shorter interval

. Peripher.ﬂ blood data at diagnosis - -

between diagnosis and therapy (P=0.012), and male sex
(P=0.036) represented significant predictors of better
response (Table 2).

Boys displayed better response than girls (Figure 1A).
This relationship was also observed in a fetrospective
European study in which a young female cohort experi-
enced delayed recovery of bone matrow function following
IST.* Median WBC count before treatment was significant-
ly lower in paticnts who achieved response (1.9x10%L) than
in those who did not (2.3x10%L; P= 0.007). In addition to
the analysis with continuous variable, lower WBC count
according to categorical analysis also associated with favor
able response, with 93 of 144 patients {65%) with WBC less
than 2.0x10°%/L and 83 of 168 patients (49%) with WBC of
2.0x10%L or more showing improvement with IST
(P=0.009; Figure 1B). When lymphocyte count was applied
to the analysis instead of WBC count, a correlation between
lower lymphocyte count and response to IST was also
observed (Table 2); 82 of 123 patients (67 %) with lympho-
cyte count Jess than 1.5x107/L improved with 18T, a signifi-
cantly higher frequency than the 94 of 189 patients (50%.
with lymphocyte count of 1.5x10%L or more who
improved with IST (P=0.004). Neither neutrophil count nor
severity of disease was predictive of response.

Regarding the association between pre-treatment peu-
trophil count and response, conflicting results have been
reported. A European study reported superior response
rates in children with very severe AA comparted to severe
AA” but, in contrast, some studies including a recent report
of a Korean cohort of adult patients have produced the
opposite results.*” The present findings differ from those
published studies, with favorable responses correlating well
with lower WBC count rather than neutrophil count or dis-
case severity, Indeed, WBC count was the strongest predic-
tor of response to IST in multivariate analysis. In patients
with AA, pre-treatment WBC count may mainly reflect the
size of lymphocyte populations, due to the severe neu-
tropenia in this condition. These results suggest that poor
response to IST might possibly be ascribed to higher WBC

Tabie 1. Patients’

N. of patients 312
Age at diagnosis, years; median (range) i 8-
Gender male / female 186/126
Etiology’ “n.of patients (%) - - S e
Idiopathi e ; 261 (83.7)
pai MO
Others T(22)
Severity of AA n.of panents (%)
VSAA 156 (50.0)
SAA 107 (343)

MAA 49157

MedlanWBC ouum X074 (range)
(raﬂge)
L (range) -

nge
e renculm:yte count, x10
- Median platelet connt, X101 (range)

Interval from diagnosis to treatment, 15 (1-180)
days, median (range)

VSAA: very severe aplastic anemia; SAA: severe aplastic anemia; MAA: moderate
aplastic anemia; WBC: white blood cell; Hb: hemoglobin.
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Table 2. Univariate and multivariate analysis for IST response in 312 patients with AA.

N. of patients (%) 176 (56.4) 136 (43.6)
Median age at diagnosis,years g 8 2 NS
Gender, male / female 115/61 165 0.025
Etiology, n. of patients () e HE e
- Ildiopathic .~ e : - 141(80) ~120(88). : NS
CHepatits 207 Ban. oo L
- Others i i 80 Ay

Severity of AA, n. of patients (%)

VSAA 90(51) 66(49) NS

SAA 62(35) 45(33)

MAA 24014 25(18)
‘Median WBC count, 0L Sl COTTLe00 PRI -0.007:
* 2 2.0x10%L, . of patients (%) i S 814D S 8(63) S 0.009
<< 2010 n. of patients (%) ; % i 93(53) SIETy %

Median lymphocyte count, x107L 1.600 2016 0.006
-Median neutrophil count, x10/L ST o028 02000 i NS
Median Hb level, g/di 68 68 NS
Median reticulocyte count; x107L oETRTY 1157300 17600 Gt NS
Median platelet count, x107L 10.000 11.000 NS
Interval from diagnosis to treatment, days g i o

WBC count, < 2.0x10L 3218 1.707-6.070 0.0003
-Interval from diagnosis to-treatment, < 30 days G Ty 12256396 oo g 01D
Gender, male 1.873 1.042-3.366 0.036
‘Reficulocyté count, >25x10%L 0 o 1589 08432997 it NS
Platelet count, >20x 10/L 1.362 0.657-2.826 NS
Etiology, hepatitis/iothers . e s - 0504-2.966 NS

VSAA: very severe aplastic anemia; SAA, severe aplastic anemia; MAA, moderate aplastic anemia; WBC, white blood cell; Hb, hemoglobin

count, that is, a relative increase in lymphocytes. Given the
dramatic effects of T-cell suppressants including ATG and
CyA on it vivo hematopoiesis, autoreactive T-cell responses
against hematopoietic stem cells have been suggested to
play a major role in the pathogenesis of AA, and i vitro
studies have also supplied supportive evidence for this idea.
Early experiments demonstrated inhibitory effects of autol-
ogous lymphocytes on hematopoietic progenitor cell
growth through overproduction of cytokines such as inter-
feron-y and tumor necrosis factor-a by activated cytotoxic
T cells in AA patients.*** More recently, oligoclonal T-cell
expansions have been described in AA patients, disappear-
ing with clinical improvement following IST.* Taking our
results and previous findings together, a higher WBC count
before treatment may indicate the presence of numerous
autoreactive T cells that need to be eliminated and thus a
high potential to destroy marrow function through lym-
phocytes, rather than better residual marrow function. In
this scenario, patients with a lower WBC count could be
seen to have a better probability of hematopoietic recovery
following 1ST.

We identified a significantly inverse correlation between
response and interval between diagnosis and treatment;
median intervals among responders and non-responders
were 13 and 19 days, respectively (P=0.002). In categorical
analysis, response rates of patients with intervals less than
30 and of 30 days or more were 60% and 43%, respectively
(P=0.013). Figure 1C clearly indicates the inverse relation-
ship. Notably, response rates to IST were considerably low
among AA patients with long-standing disease; only 35%

of patients treated 90 days or more after diagnosis respond-
ed, suggesting that patients with this condition may receive
irreversible damage to hematopoietic progenitor cells or
stromal elements that progresses over time, possibly due to

B
80 1 80';
P=0.028
704 704 g
| 8 ;
&0 an! .
£50- &s0{ £S5
2 1 2
& 40- §401 é‘
g i 2
=30 & &
5% 1 5% 5
204 204
i
10% 10
0 i Lol ot 0 & -
Male Female <2000 22000 0 10 20 30 90 180
Gerder WBC (/ul) Interval fram diagnosis to treatment

(days)

Figure 1. Response to IST in 312 pallents according to WBC count,
gender, and interval from (A) rate
according to gender. Boys showed bener response than girls (62%
vs. 48%, respectively; P=0.025). (B) Response rate according to
WBC counts. Patients with WBC count <2.0x10°/L displayed a sig-
nificantly higher response rate than patients with WBC 22.0x10%/L
(65% vs. 49%, respectively; P-o 008). (C) Response rate according
to the interval between and rate was
inversely associated with the mteyval between diagnosis and treat-
ment (P=0.002).
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immune attack through autoreactivated lymphocytes. The
present study indicates the importance of prompt IST ther-
apy for patients with AA. We, therefore, recommend offer-
ing IST as soon as possible in all children with AA who lack
a matched sibling donor.

Other variables did not differ significantly between
responders and non-responders (Table 2). Particularly with
regard to reticulocyte count, 122 patients showed reticulo-
cyte count more than 25x10%L, of whom 67 (55%)
responded to IST, and 186 patients had reticulocyte count
of 25x10%L or less, of whom 107 (58%) responded to IST.
Correlations of higher reticulocyte count and higher lym-
phocyte count at initial diagnosis with better response to
IST in patients of all ages have recently been described by
the National Institutes of Health (NIH) group.” However,
when the same analysis was applied to their 77 pediatric
patients, lymphocyte count was not predictive.” More
recently, another relatively small study in adults with AA
found no such association.” These studies were limited by
inconsistency of regimens used for IST. The current study
investigated a large cohort of children with AA treated
using a unified regimen, but failed to confirm any correla-
tion between reticulocyte count and response to IST, sug-
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In conclusion, pre-treatment clinical and laboratory find-
ings influence response to IST. Favorable response corre-
lates better with lower WBC count than with neutrophil
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might help in clinically assessing bone marrow function.
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1 Introduction

Acquired aplastic anemia (AA) is characterized by bone
marrow hypoplasia and peripheral blood pancytopenia.
Although the pathogenesis of AA is not well understood, it
is thought to be an immune-mediated disease in most
patients [1, 2]. The main treatment options for patients with
AA include allogeneic bone marrow transplantation (BMT)
and immunosuppressive therapy (IST). Recent studies of
BMT from an HLA-matched family donor (MFD) showed
excellent survival for AA patients. The long-term survival
rate of children and young adults with severe aplastic
anemia (SAA) after BMT from an MFD ranges from 70 to
90% [3, 41, and BMT currently represents first-line therapy
if an MFD is available. The combination of antithymocyte
globulin (ATG) and cyclosporine (CsA) results in a
response rate of 60-70% in AA patients [5-7] and is
indicated as first-line therapy in children and young adults
if MFD is unavailable, as well as in all patients older than
40-50 years.

BMT from an HLA-matched unrelated donor (MUD
BMT) is indicated for patients who have failed at least one
course of ATG and CSA. Better HLA-typing and less-toxic
preparative regimens have resulted in substantial increases
in survival among patients undergoing MUD BMT [8-10].

Bearing these issues in mind, experts from Europe,
America, and Asia presented recent advances in under-
standing of the pathophysiology and current clinical trials
for the treatment of AA (Table 1) at the Third Consensus

S. Kojima (<) - S. Nakao - N. Young - A. Bacigalupo -

G. Gerard - N. Hirano - J. Maciejewski - J, Deeg - J. Marsh -
F.-K. Zhang - J. W. Lee - K. Ozawa

Nagoya University, Nagoya, Japan

e-mail: Kojimas@med.nagoya-u.ac.jp

@ Springer

Conference on the treatment of aplastic anemia on Febru-
ary 21, 2010, in Hamamatsu, Japan. After all speakers had
presented, a general consensus was held to establish
guidelines for the diagnosis and treatment of AA. Partici-
pants included clinicians and scientists from 13 countries,
including seven countries in Asia.

2 Pathogenesis of AA

In Session 1, four scientists presented the latest data
regarding the pathogenesis of AA. Dr. Hirano identified
two AA-associated antigens, kinectin and anti-postmeiotic
segregation increased 1 (PMS1), by screening antibodies in
a patient’s sera against a peptide library of fetal liver cells
[11). The putative T cell epitope derived from kinectin
triggered a cytotoxic T cell response in vitro, and inhibited
granulocyte~macrophage colony forming unit formation.
However, kinectin-specific T cells were not seen in AA
patients. These auto-antibodies are present only in sera of
AA patients, and become undetectable in the patients who
achieve clinical remission, suggesting that these auto-
antibodies may serve as a biomarker for AA, and may
correlate with or predict disease activity in AA patients.
However, a prospective study conducted by the Japan
Childhood Aplastic Anemia Study Group failed to dem-
onstrate a correlation between the presence of anti-PMS1
and response to IST [12].

Dr. Nakao discussed the clinical implication of detecting
small paroxysmal nocturnal hemoglobinuria (PNH) clones
by sensitive flow cytometric analysis. The presence of an
increased number of PNH-type cells was predictive of a
response to IST and a favorable prognosis among patients
with AA. Ninety percent of patients with increased PNH-
type cells responded to ATG + CSA, whereas only 50% of
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Table 1 Program

Session 1: S. Nakao, N. Young
Pathogenesis of aplastic anemia (AA)
(1) Autoimmunity in AA
N. Hirano, Dana-Farber Cancer Institute, MA, USA
(2) Application of SNP-array in bone marrow failure syndromes
J.P. Maciejewski, Cleveland Clinic Foundation, OH, USA
(3) PNH clones as a marker of autoimmunity
S. Nakao, Kanazawa University Graduate School of Medicine,
Japan
(4) Genetic risk factors for AA

N. Young, National Heart, Lung, and Blood Institute, MD,
USA

Session 2: S. Kojima, A. Bacigalupo
Stem cell transplantation
(1) Optimal conditioning regimen
S. Kojima, Nagoya University Graduate School of Medicine,
Japan
(2) Role of antithymocyte globulin
A. Bacigalupo, Ospedale San Martino, Italy
(3) Long- term outcome after stem cell transplantation

H.J. Deeg, Fred Hutchinson Cancer Research Center, WA,
USA

Session 3: K. Ozawa, G. Socie
Immunosuppressive Therapy
(1) Optimal dose of rabbit-antithymocyte globulin
J.C.W. Marsh, Kings College London, UK

(2) ATG + Cyclosporine vs High-dose Cyclophosphamide for
treatment of aplastic anemia

F.K. Zhang, Institute of Hematology & Blood Disease
Hospital, China
(3) Role of G-CSF
G. Socie, Hospital Saint Louis, France
(4) Role of iron chelator
J.W. Lee, The Catholic University of Korea, Korea
Session 4: S. Nakao, S. Kojima, A. Bacigalupo
Discussion for General Consensus

patients without PNH-type cells responded. Failure-free
survival rates were significantly higher among patients
with minor PNH clones than among those without these
cells [13].

A single nucleotide polymorphism array (SNP-array)
has recently been applied widely as a powerful karyotyping
tool that detects deletions, amplifications, and loss of het-
erozygosity (LOH) at high resolution [14]. Dr. Maciejew-
ski used this new tool in a series of 102 AA patients. Using
conventional metaphase cytogenetics, 13% of patients
showed cytogenetic abnormalities, which increased to 26%
when a SNP-array was used. Early detection of clonal
lesions was also possible when using a SNP-array. Inter-
estingly, loss of the short arm of chromosome 6, which

encompasses the HLA locus, was detected in three patients
before IST. This finding suggests that escape from immune
attack may work through the loss of the HLA haplotype in
AA patients.

Telomeres are repeated nucleotide sequences that cap the
ends of chromosomes and protect them from damage.
Telomeres are short in one-third of AA patients [15].
Children with congenital bone marrow failure syndrome,
and in particular, dyskeratosis congenita (DC), have extre-
mely short telomeres [16]. Dr. Young demonstrated the
presence of mutations in telomerase-complex genes such as
TERT and TERC in a small percentage of AA patients
without phenotypic characteristics of DC [17, 18]. A family
study showed that healthy relatives of patients carrying
these mutations also had short telomeres and mild hema-
tologic abnormalities. Although telomere length does not
predict response to IST, patients with short telomeres are at
high risk of relapse and clonal evolution to myelodysplasia
and acute myeloid leukemia after IST [19]. Dr. Young’s
group recently reported the significant correlation between
absolute reticulocyte count (ARC) and absolute lymphocyte
count at initial diagnosis and response to IST [20]. A further
addition of telomere length increased the predictive
capacity. Patients with both high ARC and long telomeres
showed excellent survival, whereas those with low ARC
and short telomeres had poor outcomes; patients with one of
the two variables had intermediate outcomes.

3 Stem cell transplantation

In Session 2, three experts from Asia, Europe, and America
discussed the optimization of stem cell transplantation for
AA. Until the late 1990s, fewer than 40% of AA patients
who underwent MUD BMT survived long-term, and there
was a high incidence of graft failure and graft versus host
disease (GVHD) [21]. Recent data have shown improved
results through better selection of HLA-matched donors
and changes in conditioning regimens [22, 23].

Dr. Kojima analyzed a Japanese cohort of 301 AA
patients who received MUD BMT through the Japan
Marrow Donor Program. Using matched-pair analysis, he
showed the superiority of a fludarabine (Flu) + cyclo-
phosphamide (CY) + ATG and radiation regimen com-
pared with a CY + ATG + total body irradiation (TBI)
regimen. The current recommended regimen in Japan
inctudes Flu (100 mg/m?) 4+ CY (3,000 mg/m?) + rabbit
ATG (5 or 10 mg/kg) + 3 Gy TBL He also used matched-
pair analysis to compare tacrolimus (FK)/methotrexate
(HTX) with CsA/MTX for the prophylaxis of GVHD in
AA patients who received a MUD BMT. Results
showed the superiority in overall survival of FK/MTX over
CsA/MTX [24].
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Dr. Bacigalupo proposed optimized protocols for BMT
from an MFD for AA patients. For children and young
adults, the recommended regimen is CY (200 mg/kg) +
rabbit ATG (7.5 mg/kg). The stem cell source should be
bone marrow rather than peripheral blood [25]. GVHD
prophylaxis consists of CsA + MTX [26]. There is con-
troversy concerning the upper age limit for BMT in AA
patients. A large amount of data from the Europe Group for
Blood and Marrow Transplantation (EBMT) showed an
inferior outcome in AA patients older than 50 years,
although outcomes for patients aged 30-40 years were
similar to this aged 40-50 years. To improve outcome,
Dr. Bacigalupo proposed a conditioning regimen with
Flu (120 mg/kg), CY (1,200 mg/m?), and rabbit ATG
(7.5 mg/kg) for older patients. Dr. Bacigalupo also referred
to previously published conditioning regimens for MUD
BMT [22]. The current EBMT regimen recommended for
children is Flu (120 mg/kg), CY (1,200 mg/m?), and rabbit
ATG (15 mg/kg). For adult patients, the addition of TBI
(2 Gy) with a reduced dose of ATG (7.5 mg/kg) is rec-
ommended. However, a recent analysis of 100 patients
treated according to these protocols revealed that graft
failure and Epstein Barr virus (EBV)-lymphoproliferative
disease (LPD) still remain significant causes of death [27].
Consequently, Dr. Bacigalupo modified the current EBMT
protocol with an increased dose of CY (from 1,200 mg/m2
to 120 mg/kg), a reduction of rabbit ATG (from 15 to
7.5 mg/kg), and prophylactic administration of rituximab
for EBV-LPD.

In the United States, Dr. Deeg previously demonstrated
an improved outcome in patients receiving CY + ATG +
2 Gy TBI for MUD BMT, compared with a higher dose of
TBI [23]. The ongoing CTNN study in the United States is
designed to find the best dose of CY (0, 50, 100, or
150 mg/kg) combined with a regimen of Flu, ATG, and
2 Gy TBI. The 0- and 150-mg trials stopped due to rejec-
tion and toxicities, respectively. Both regimens currently
undergoing testing in Europe and the United States are
similar to the regimen recommended by the Japanese
group. Dr. Deeg discussed the late effects of stem cell
transplantation and its major adverse effect, i.e., chronic
GVHD. There are no benefits associated with chronic
GVHD in patients with non-malignant diseases and it
increases the risk of secondary malignancy [28). The most
significant risk factor for developing chronic GVHD is the
use of peripheral blood stem cells [25]. Dr. Deeg recom-
mended bone marrow, not peripheral blood, as the source
of stem cells for AA patients. He analyzed risk factors for
chronic GVHD in AA patients who received a matched-
related BMT. Patients who received a nucleated marrow
cell dose greater than 3.4 x 108/kg developed chronic
GVHD 7.7 times more often than those who received a
marrow cell dose less than 2.3 x 108/kg (P = 0.004). This
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finding was further reflected in overall survival, which was
significantly worse in patients who a received higher dose
of bone marrow cells than in those who received a lower
dose, although CD34 cell dose was not analyzed in this
study.

4 Immunosuppressive therapy

Dr. Marsh summarized the clinical trials of IST with rabbit
ATG and CsA for AA as the initial course of treatment [29,
30]. The dose of rabbit ATG varied between 10 and
18.75 mg/kg among studies. Response rates ranged from
50 to 70%, which was equivalent with rates seen with of
horse ATG, although patient numbers reported from some
of these studies were small. However, immunosuppression
of rabbit ATG is more potent than horse ATG, resulting in
an increased incidence of infectious complications [31].
Dr. Marsh concluded that it is warranted to conduct a
prospective study to find the optimal dose of rabbit ATG,
and that larger prospective studies comparing rabbit ATG
with horse ATG are needed.

High-dose CY (HD-CY) without stem cell rescue has
been developed as a promising therapy for AA by the John’s
Hopkin’s group [32]. However, a randomized trial con-
ducted by the National Institutes of Health showed unac-
ceptable toxicities, leading to early closure [33]. Dr. Zhang
compared HD-CY + CsA with ATG + CsA for treatment
of AA. The dose of CY was decreased to 120 mg/kg from
the original report of 200 mg/kg. The costs of drugs were
much cheaper in the CY group than the ATG group in
China. The response rate at 6 months was comparable
between both groups at 70%. The overall survival at 3 years
was also comparable between the two groups, at 85%. It is
noteworthy that the rate of early death was less than 5% in
the CY group. Dr. Zhang’s data justify conducting a ran-
domized study to compare a modified dose of CY therapy
with standard ATG therapy for newly diagnosed.

5 AA patients

To date, three prospective randomized studies have
addressed the role of granulocyte-colony stimulating factor
(G-CSF) in combination with IST [6, 34, 35]. Dr. Socie
summarized the results of these studies, which showed
faster recovery of neutrophils in the G-CSF group but
failed to show significant differences in study endpoints
including response rate, incidence of infections, and overall
survival between the G-CSF group and the non-G-CSF
group. He also presented the latest EBMT study, which
enrolled more than 200 newly diagnosed patients with AA
[36]. The study also confirmed the results of previous
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studies; there was no difference in overall survival or
event-free survival between the two arms.

Dr. Lee discussed the role of iron chelation therapy in
patients with AA. Regular transfusions lead to the devel-
opment of iron overload, which is increasingly recognized
as a risk factor following HSCT [37]. He presented the
results of the EPIC trial, which evaluated the efficacy and
safety of deferasirox, an oral iron chelator, in a large cohort
of AA patients [38). After 1 year of treatment, median
serum ferritin levels decreased significantly with concom-
itant improvement of liver dysfunction. The therapy was
generally well tolerated, but one quarter of patients suf-
fered from an increase in serum creatinine levels. The
concomitant use of CsA had a significant impact on serum
creatinine levels.

6 Consensus panel

After all speakers had presented, a general consensus
session was held. This session was chaired by S. Nakao,
S. Kojima, and A. Bacigalupo. A number of questions were
raised by the chairperson, and the following consensus was
reached.

6.1 New diagnostic tests

The panelists discussed the relevance of incorporating new
diagnostic tests into the management of AA patients. The
new diagnostic tests include AA-associated autoantibodies,
SNP-array, sensitive flow cytometric assay for PNH clones,
and measurement of telomere length. All panelists felt that
these new tests may be useful in the investigation of the
pathophysiology of AA, but that it is too early to incor-
porate them into general practice for AA. The findings
presented by each speaker must be confirmed by other
investigators.

6.2 Stem cell transplantation

All panelists agreed that bone marrow should be used as
the source of stem cells. The use of peripheral blood is
indicated when a voluntary donor donates peripheral blood.
A consensus was reached regarding the upper age limit
both for BMT from an HL.A-identical sibling and from an
unrelated donor. The limit should be 50 years.

The chairperson proposed (1) CY + ATG for young
patients and (2) CY + Flu + ATG for older patients as
conditioning regimens in the case of HL.A-matched sibling
transplants. For adult patients transplanted from an unre-
lated donor, CY + Flu + ATG + low-dose TBI regimen
was proposed. Although the panelists did not recommend
other conditioning regimens, no general consensus was

reached on conditioning regimens. Results of ongoing
CTNN study in the United States are expected to reveal the
optimal conditioning regimen for unrelated BMT. A higher
dose of stem cell infusion has been recommended to
facilitate engraftment. According to the presentation by
Dr. Deeg, however, a higher dose of stem cell infusion was
harmful because of the associated increase with chronic
GVHD. The panelists discussed the optimal dose of stem
cells, but no agreement was reached. Dr. Deeg emphasized
that all of the patients who receive HSCT for a rare disease
such as AA should be enrolled into prospective studies to
address unsolved questions. All panelists agreed that the
donor should be matched at 10/10 or 9/10 levels by HLA
high-resolution typing. In the case of patients in whom an
appropriate donor is unavailable, unrelated cord blood
transplantation or haploidentical transplantation may be
indicated.

6.3 Immunosuppressive therapy

The combination of ATG and CsA remains the gold stan-
dard for immunosuppressive therapy. Because the supply
of horse ATG was stopped in Europe and Asia, rabbit ATG
replaced horse ATG in these areas. Because the optimal
dose of rabbit ATG has not been clarified, a prospective
study to compare two doses of rabbit ATG is proposed. In
addition, the panelists discussed the rationale of performing
a randomized study to compare a modified dose of high-
dose CY + CsA with ATG + CsA as first-line therapy.
Although several panelists agreed with the need for such
a study, the majority of the panelists did not place a high
priority on this type of study. Most panelists thought that
G-CSF is indicated only in limited cases, for example,
patients with severe bacterial or fungal infections.
Although all published randomized studies revealed that
G-CSF has no proven effect on clonal evolution in AA,
several panelists felt that a longer follow-up period is
necessary to reach a definitive conclusion on this issue.

Appendix

The following persons participated in the conference
Hoon Kook (Gwangiu, Korea), Dae Chul Jeong (Seoul,
Korea), Jong Wook Lee (Seoul, Korea), Surapol Issarag-
agrisil (Bankok,Thailand), Xiao-Fan Zhu (Tianjin, China),
Feng-Kui Zhang (Tianjin, China), Jing-Yan Tang (Shang-
hai, China), Jianping Shen (Hangzhou, China), Minghui
Duan (Beijing, China), Jun Ma (Harbin, China), Honorata
Baylon (Manila, Philippine), See Voon Seow (Singapore),
Michelle Poon (Singapore), Lily Wong Lee (Sabah,
Malaysia), Naoto Hirano (Boston, USA), Jaroslaw Macie-
jewski (Cleveland, USA), Neal Young (Bethesda, USA),
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Joachim Deeg (Seattle, USA), Andrea Bacigalupo (Geno-
va, Italy), Judith Marsh (London, UK), Gerard Socie (Paris,
France), Keiya Ozawa (Tochigi, Japan), Masao Tomonaga
(Nagasaki, Japan), Shinji Nakao (Kanazawa, Japan), Hiroto
Yamazaki (Kanazawa, Japan), Akio Urabe (Tokyo, Japan),
Seishi Ogawa (Tokyo, Japan), Hiroki Yamaguchi (Tokyo,
Japan), Masanao Teramura (Tokyo, Japan), Kensuke Usuki
(Tokyo, Japan), Chitose Ogawa (Tokyo, Japan), Ohara
Akira (Tokyo, Japan), Tatsutoshi Nakahata (Kyoto, Japan),
Hiromasa Yabe (Isehara, Japan), Etsuro Ito (Hirosaki,
Japan), Kazuko Kudo (Shizuoka, Japan), Seiji Kojima
(Nagoya, Japan), Yoshiyuki Takahashi (Nagoya, Japan),
Haruhiko Ohashi (Nagoya, Japan), Koichi Miyamura
(Nagoya, Japan).
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Novel adenosine triphosphate (ATP)-binding
cassette, subfamily A, member 12 (ABCA12)
mutations associated with congenital
ichthyosiform erythroderma

DOL 10.1111/j.1365-2133.2011.10516.x

ManamM, Autosomal recessive congenital ichthyosis (ARCI) is
a keratinization disorder, characterized by general desquama-
tion. ARCI is a heterogeneous entity, including harlequin
ichthyosis (HI, MIM 242500), lamellar ichthyosis type 2
(L12, MIM 601277) and congenital ichthyosiform erythro-

derma (CIE, MIM 242100). The reported mutations in CIE
include adenosine triphosphate (ATP)-binding cassette,
subfamily A, member 12 (4BCAI2),' transglutaminase 1
(TGM1),? lipoxygenase-3, 12(R)-lipoxygenase,” NIPAL4* and
CYP4F22.° Mutations in ABCAI2 also result in L2 and HL®7
We report ABCAI2 mutations in four unrelated Japanese
patients with CIE and identified five unreported and two
recurrent mutations.

Patient 1 is a 3-year-old girl with generalized scales on
erythroderma, ectropion, eclabium, severely deformed ears
and alopecia (Fig. la—c). Her elder sister displayed similar
symptoms and died after dehydration and infection. Patient 2
is a 9-year-old girl with generalized scales on an erythroder-
mic skin, mild ectropion, alopecia of the forehead and mild
auricular malformation. Her younger sister died after severe
skin symptoms and subsequent complications. Patient 3 is a
4-month-old boy, born as a collodion baby, with systemic
whitish scales and generalized erythrodermic skin. There is no
family history. Patient 4 is a 3-month-old boy, born as a
collodion baby, with generalized whitish scales on a mild
erythrodermic skin (Fig. 1d,e). Ectropion, eclabium and auric-
ular malformation were not seen. There is no family history.
Pathological findings of all patients revealed hyperkeratosis,
mild acanthosis and perivascular lymphocytic infiltration.

We initially examined for ABCA12 mutation, because
ABCAI2 mutations have been found frequently in Japanese
patients with CIE. For analysis of the ABCAl2 gene, polymerase
chain reaction (PCR) fragments were amplified with 53
primer pairs, as previously reported.® We identified five un-
reported and two recurrent mutations (Table 1). Patient 1 had
compound heterozygosity of missense/small deletion muta-
tions [(p.Thr1575Pro)+(c.6031delG)]. Patients 2 and 3 had
compound heterozygosity of missense/splice-site mutations
[(p-Arg986Trp)+(c.5940-1G>C), (p.Asn1380Ser)+(c.5128+
3A>G), respectively]. Patient 4 had compound heterozygosity

Fig 1. (a—c) Clinical features of patient 1. The whole body was covered with whitish scales on the erythrodermic skin. Ectropion, eclabium and
alopecia of the forehead were seen. (d.e) Clinical features of patient 4. Whitish scales and generalized erythrodermic skin were seen.

Table 1 Summary of mutation analysis of ABCA1Z in the present study

: Ma‘le‘mal :

componni e
+ Compound hete;

PThr1S75Pro (c472383C)
: 986Trp (c2956C>T)
 pAsn1380Ser (c:4139A>G)
p.Thr1575Pr0 (c4723A>C)
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of missense mutations {(p.Thr1575Pro)+(p.Gly16518er)]. reported previously in LI2.° These mutations were not found
Each of the parents was a heterozygous carrier. Five mutations in 200 normal, unrelated Japanese alleles.

(p-Thr1575Pro, c.6031delG, p.Arg986Trp, c.5940~1G>C and In cDNA from the skin of patient 2, reverse transcriptase-
¢.5128+3A>G) have not been reported previously. Two recur- PCR (RT-PCR) across the ¢.5940-1G>C mutation site showed
rent mutations (p.Asn1380Ser and p.Gly1651Ser) have been a single band of 526 bp. Subcloning and direct sequencing

Forward primer Reversepamer — \mal wanscript

i

i

H s PR— ¥
% e ™ 526 bp 23 AATCAGCAGTTTAATCGATAAT
o ' Mutant transcript 1

§ 5 et ¥

AL AN TTAATCGATANT
Beleripe

‘Mutant transeript 2
Py— ¥
A HAEEASTTTANTCOATART
gt
Mutant transcript 3
Forward primer Reverse primer

Mutant transcript 4

Forward primer Reverse primer

" towon33 (310 bp)

AL

Naormal transcript L
Forward primer Revarse primer

Mutant transcript 5

Forward primer  Reverse primer

Fig 2. Reverse anscriptase-polymerase chain reaction (RT-PCR) analysis of mRNA fragments around the splice-site mutations and
immunofluorescent analysis. (a) In patient 2, RT-PCR, subcloning and direct sequencing through the exon 40-41 boundary revealed two mutant
transcripts as well as 2 normal transcript. Mutant transcript 1 had lost 6-bp nucleotides from exon 41, which resulted in a 2-amino acid deletion
(llc1981_Ser1982del). Mutant transcript 2 had lost 9-bp nucleotides from exon 41, which resulted in a 3-amino acid deletion
(1le1981_Ser1983del). Both mutant transcripts were within-frame deletions. (b) In patient 3, three aberrant mutant transcripts, all of which led to
a premature ination codon, were identified by RT-PCR, subcloning and direct cing through the exon 33-34 boundary. Mutant transcript
3 was 988 bp in length with the inclusion of 310 bp and another 99 bp of intron 33, Mutant transcript 4 was 890 bp in length with the inclusion
of 310 bp of intron 33. Mutant transcript 5 had exon 33 skipping. (c-¢) Immunofluorescent labelling of ABCA12 in the skin. (c,d) A dot-like
pattern of ABCA12 staining was seen in the cytoplasm of keratinocytes in the upper epidermis in patient 1 (c) and patient 2 (d). (¢) In the normal
control epidermis, ABCA12 staining was relatively strong in the granular layers and seemed to be dominant at the cell periphery. Bar = 5 pm.
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revealed two mutant transcripts with in-frame deletions
(Fig. 2a). In cDNA from the skin of patient 3, RT-PCR across
the ¢.5128+3A>G mutation site identified four bands of 988,
890, 580 and 430 bp, with a single 580-bp band in the
control sample (Fig. 2b). Subcloning and direct sequencing
revealed three aberrant mutant transcripts, all of which led to
premature termination codons. Immunofluorescence using
anti-ABCA12 antibody revealed a diffuse staining of ABCA12
in the granular layers of control skin (Fig. 2¢) and of the
non-ABCA12 form (TGM1) from pademt CHE (data not
shown), while a dot-like siaining in the cyloplasm was
observed in patients 1 and 2 (Fig. 2¢,d).

ABCA12 is a membrane lipid transporter that functions in
the lipid transport from the trans-Golgi network to lamellar
granules.® ABCAI2 mutations result in heterogeneity, includ-
ing LI2, HI and CIE"®” L12 is characterized by gencralized
scales without serious erythroderma, and caused by either
homozygote or compound heterozygote for missense muta-
tions within the first nucleotide-binding folds of ABCA12.°
HI is the severest form of ARCI, characterized by general-
ized large, plate-like scales with ecwropion, eclabium and
flatiened ears” HI is usually caused by homozygous or
compound heterozygous truncation mutations in ABCALLY
In contrast, CIE with ABCA12 mutation clinically shows
milder manifestations.! Thus far, 17 different mutations in
ABCAI2 have been reported in 12 cases of CIE. Eleven of
12 cases have at least one missense mutation. Only three of
17 mutations (p-Asn1380Ser, p.lel494Thr  and
p.Argl1514His) were located in the first nucleotide-binding
folds. Other mutations were located outside ABCAI2 active
wansporter sites: two nucleotide-binding folds and 12 trans-
membrane domains. The mutation p.Thr1575Pro was ideati~
fied in two unrelated patients with different clinical
severity, Patient 1 with severer features had a heterozygous
truncation mutation (c.6031delG) on another allele, while
patient 4, with a milder phenotype, had another heterozy-
gous missense mutation (p.Gly[651Ser). We suggest that
the phenotypic variability in these two patients was caused
by different mutations.

We identificd two ABCAI2 splice-site mutations, which
were not reported in CIE: ¢.5128+3A>G and ¢.5940-1G>C.
RT-PCR analysis across the site of the ¢.5940-1G>C mutation
in patient 2 revealed two mutant transcripts. These findings
demonstrate expression of the in-frame shorter transcript lack-
ing two or three amino acids due to this splice-site mutation,
which may account for the mild phenotype. In contrast,
RT-PCR analysis across the site of the ¢.5128-+3A>G mutation
in patient 3 revealed three aberrant mutant transcripts, all of
which led to premature termaination codous. Therefore, patiewt
3 had a compound heterozygosity for missense/truncated
combinations of mutations.

Using high-throughput scquencing analyses, screening of
all ARCI-related genes is currently possible, but the cost is
still expensive.” Once this is overcome, the elucidation of
the pathogenesis of ARCI will gready progress in the near
future.
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latrogenic androgenetic alopecia in a male
phenotype 46XX true hermaphrodite

DO 10.1111/§.1365-2133.2011.10511.x

Mapam, Androgenetic alopecia (AGA) is a term that describes
the androgen-dependent and genetically determined nature of
the disease.’ However, although it is known that androgen
replacement therapy can induce AGA, no report has previously
been issued regarding the development of iatrogenic AGA in a
hermaphrodite undergoing androgen therapy. Herein, we
describe a unique case of a castrated male phenotype 46XX
true hermaphrodite receiving exogenous androgen supplemen-
tation who developed male-type hair loss.

Fig 1. Jatrogenic androgenetic alopecia in a male phenotype 46XX
true hermaphrodite showed a great improvement compared with
baseline (a, b) after 4 months of finasteride treatment (c, d}.
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A 2l-year-old male phenotype 46XX true hermaphrodite
presented with a 3-year history of progressive hair loss. At the
age of 16 years he was diagnosed as a 46XX true hermaphro-
dite with bilateral ovotestis, and subsequently underwent bi-
lateral orchiectomy and testis prosthesis insertion. In addition,
he was then given testosterone replacement therapy (testoster-
one enanthate, Jenasteron™; Jenapharm, Jena, Germany) for
surgically induced andropausal status, which halted the devel-
opment of secondary sexual characteristics. After 3 years of
androgen therapy, progressive hair thinning developed on the
scalp. Hair examination revealed nonscarring Norwood—
Hamilton type III vertex alopecia with frontotemporal reces-
sion or BASP classification M1V2 alopecia (Fig. 1a, b).? Digital
microscopy (Folliscope®; LeadM Corporation, Seoul, Korea)
showed miniaturized hair shafts, and hair shaft size variation
over the vertex scalp (Fig. 2). Serum testosterone, at the time,
was 4'1 ng mL™' (normal 2:7-10-7) and serum dehydroepi-
androsterone  sulphate was 1845 ng mL™' (normal 800
$600). Under a diagnosis of iatrogenic androgen-induced alo-
pecia, finasteride (1 mg daily) therapy was started. After
4 months of treatment, the hair loss stabilized and scalp hair
regrowth was observed, despite the continuance of testoster-
one replacement therapy (Fig. 1c, d).

True hermaphroditism is an extremely rare disorder, which
is defined as the coexistence of testicular and ovarian tissue in
the same subject. The most frequent karyotype of true
hermaphrodites is 46XX.> Gender assignments for hermaphro-
dites are made according to genetic, gonadal, social and
psychologically determined sex, and the requests of patients
and their relatives.* To be reared as male or female, surgical
correction of ambiguous external genitalia, surgical removal of
dysgenetic gonads, and sex hormone replacement for the
surgically induced andropausal or menopausal state are
required. The unwanted dermatological side-effects of testo-
sterone replacement therapy include acne, excessive hair
growth and male pattern baldness. As in our case, to be reared

Fig 2. Photomicrograph showing miniaturized hair shafts, and
variations in hair shaft size over the vertex scalp (original
magnification X50).
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Summary
Correspondence Inherited ichthyoses are rare genodermatoses caused by mutations in the genes
Ken Notsuga, involved in epidermal development. Although there have been case reports on
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patients with ichthyosis who developed skin malignancies, it is still unknown
whether or not patients with ichthyosis have an increased risk of skin malignan-

8 April 2011 cies. Here, we review case series of skin malignancies in patients with ichthyosis
and show biological findings which might lead to cancer susceptibility. A survey
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of the literature revealed 28 cases of inherited ichthyoses with skin malignancy,
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autosomal recessive congenital ichthyosis, three of Netherton syndrome and six
of miscellaneous ichthyosis. Twenty-four of the 28 cases developed single or
multiple squamous cell carcinomas (SCCs). The age at diagnosis of the first skin
malignancy ranged from 15 to 54 years. As patients with these particular sub-

types of ichthyosis seem to be prone to skin malignancies, including SCC, at an
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Skin cancer poses a serious problem in patients with inherited
disorders, such as Gorlin syndrome, Cowden syndrome, xero-
derma pigmentosum and epidermolysis bullosa. The prognosis
for these patients is greatly influenced by skin malignancies,
which develop at an unusually early age.

Ichthyoses are disorders characterized by skin dryness. Con-
genital ichthyoses are caused by mutations in the genes orga-
nizing keratinocyte differentiation and skin barrier function,
although some of the causative genes are still undetermined.’
There have been sporadic case reports of skin malignancies in
patients with congenital ichthyosis. However, the epidemiol-
ogy among these patients remains unknown because of the
limited number of cases.

This review article sunumarizes skin malignancies in con-
genital ichthyoses described in the English language literature
and discusses the biological background underlying skin
barrier defects and carcinogenesis.

Skin malitgnancies in each ichthyosis subtype

Twenty-eight cases of skin malignancy in congenital ichthyoses
were found in the literature: 12 cases of keratitis—ichthyosis—
deafness (KID) syndrome, seven of autosomal recessive
congenital ichthyosis (ARCI), three of Netherton syndrome
(NS) and six of miscellaneous ichthyosis. The first malignan-

© 2011 The Authors
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unusually young age, routine cancer surveillance of these patients is strongly

cies were diagnosed at the ages of 15-54 years. Reported skin
malignancies include squamous cell carcinoma (SCC), basal
cell carcinoma (BCC), malignant proliferating trichilemmal
tumour (MPTT), malignant melanoma (MM), malignant
fibrous histiocytoma and cutaneous lymphoma, although sin-
gle or multiple SCC was the malignancy in most of the cases
(24 out of 28). Table 1 summarizes the skin malignancies in
patients with ichthyosis described in the literature.

Keratitis-ichthyosis-deafness syndrome

Keratitis—ichthyosis—deafness syndrome (KID) syndrome is an
autosomal dorninant disease characterized by congenital ery-
throkeratoderma as well as sensorineural deafness and eye
23 Heterozygous mutations in GJB2, which
encodes connexin 26 (Cx26), are responsible for the dis-
ease.** Mutations in GJB6, the gene encoding connexin 30

involvement.

(Cx30), are causal in some cases which overlap with Clouston
syndrome.®”

There are 12 reports of patients with sporadic KID syn-
drome in the literature who developed skin malignancies,
including SCC and MPTT (Table 1).°™'* The age of onset for
SCC in KID syndrome is 15-43 years, which is earlier than
that for SCC in the normal population (around the age of
70 years)}"'” p-Asp50Asn in Cx26, the most prevalent muta-

263

264 Skin malignancies in inherited ichthyosis, K. Natsuga et al.

Table 1 Skin malignancies in patients with ichthyosis

ng uich;iexﬁrbal; ;
ant fibrous

“histiocyroma; ‘B
~not detected.

tion in XID syndrome, was found in six patients who devel-
oped SCC or MPTT.*'>'*'S SCC was reported in roughly
10% of patients with KID syndrome and has been proposed as
a distinguishing manifestation of the disease.” In a recent case
series, three out of 14 (21%) patients with KID syndrome
developed SCC."* Recurrent and chronic infection of the skin
in KID syndrome has been suggested to be partly responsible
for the increased risk of SCC*'® or to be one of the many fac-
tors involved in multiple-step carcinogenesis.'® Also, alteration
of E-cadherin expression due to dysfunctional Cx26 is hypoth-
esized to lead to cancer susceptibility.” Mutated Cx26 might
lead to tumorigenesis through a decrease in gap junction
communication, a possibility that is supported by a mouse

carcinogenesis model.'® Overexpression of Cx26 has been
shown to suppress tumour growth and induce apoptosis in
prostate cancer cells through Bcl-2 downregulation.'®

In a mouse model for KID syndrome in which Cx26 har-
bouring the p.Serl7Phe mutation was introduced as a hetero-
zygous mutation under control of the endogenous Cx26
promoter, the basal layer showed increased cell proliferation.?’
However, progressive skin growth and increased susceptibility
to SCC were not observed.?

Autosomal recessive congenital ichthyosis

Congenital ichthyosiform erythroderma (CIE) and lamellar ich-
thyosis (LI) are two major types of ARCL' CIE is characterized
by fine, white scaling with erythroderma. In contrast, the typi-
cal manifestation of L1 is coarse brown/dark scaling. Their caus-
ative genes are ALOXE3,”' ALOX128,*' ABCA12Z,%%** CYpar22*
NIPAL4™® and TGM1.>**” CIE and LI have been proposed as rep-
resenting varjations of a single group of disorders, although the
typical cases of each type have distinct clinical features.?®

In the literature, five patients have been reported with CIE
and two with LI who developed skin malignancies
(Table 1).2%%°"* They began to suffer from SCC between the
ages of 25 and 51 years.””*' ™3 Therc is the possibility that
chronic inflammation due to skin barrier defects is associated
with skin carcinogenesis in CIE/LI pariems,m as discussed in
the section on KID syndrome. Scarring from chronic inflam-
mation was suggested to underlie SCC in one CIE case,*”
although scar formation was not histologically evident in SCC
specimens from two other patients with CIE.*' The increased
proliferation observed in CIE keratinocytes in vitro®* might
account for the early onset of SCC. It is notable that the long-
term administration of systemic retinoids did not prevent SCC
development in some patients with CIE*'*? although the
retinoids might have reduced the number or severity of the
SCCs.

Genetic analysis was performed on only two of the patients
with CIE, both of whom had missense mutations in ABCA12.2*
The patients developed MM at the ages of 47 and 37, respec-
tively. It is unclear why the ABCA12-deficient patients with
CIE developed skin malignancies at those early ages. ABCA12
is an ATP-binding cassette (ABC) transporter that is thought to
play a pivotal role in keratinocyte lipid transport.***® ABCA12
is expressed mainly in keratinocytes, and not in melanocytes
or lymphocytes. %738 A recent study also confirmed that
ABCA12 is only weakly expressed in normal melanocytes and
is largely absent in melanoma cells.’” ABCA transporters are
involved in regulating lipid transport and metabolism, and
cholesterol levels may be a limiting factor in membrane main-
tenance in rapidly dividing cancer cells.’® From these facts, it
is unlikely that ABCA12 deficiency directly promotes skin
tumorigenesis including that of MM. Other ABCA members
that compensate for ABCA12 dysfunction might be related to
tumorigenesis in patieuts with CIE.

Abcai2-deficient mouse models have been developed, all
of which showed neonatal lethality,'™* and these models
© 2011 The Authors
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