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The improved outcome of acquired aplastic anemia (AA) has Ten children showed monosomy 7 at diagnosis of MDS. All
revealed later complications, such as myelodysplastic syn- of the 11 children were administered both CSA and rhG-CSF.
drome (MDS) and acute myelogenous leukemia (AML). We There was no development of MDS/AML among 41 children
retrospectively analyzed 167 children with severe acquired treated with either CSA or rhG-CSF or among 48 children
AA. Eleven of 50 children treated with cyclosporin (CSA) and who underwent bone marrow transplantation. A well-con-
recombinant human granulocyte colony-stimulating factor trolled clinical trial is warranted to determine whether thera-
(rhG-CSF) developed MDS/AML; 8 of these were within 36 peutic modalities affect the development of MDS/AML in
months of the diagnosis of AA, much earlier than previous children with severe acquired AA.
reports. Six of the 11 children received rhG-CSF exceeding q 1997 by The American Society of Hematology.
10 mg/kg/d, and 9 received rhG-CSF therapy for over 1 year.

O follow-up (median 1,294 days) was 71.1% { 4.4% (SE);VER THE PAST 20 years, the results of treatment for
severe acquired aplastic anemia (SAA) have greatly this included 48 transplanted patients (Fig 1A). Eleven of

improved.1-3 A recent study found that simultaneous admin- these 167 patients developed MDS/AML (Tables 2 and 3).
istration of recombinant human granulocyte colony-stimulat- Two of the 11 children had posthepatitis AA and 6 were
ing factor (rhG-CSF) in combination with immunosuppres- assessed as having severe AA at the time of diagnosis. MDS/
sive (IS) therapy produced a very favorable outcome.4 AML developed between 17 and 36 months following the
Although the number of survivors has been increasing, the time of diagnosis of AA in 8 of the 11 children. The actuarial
development of clonal diseases, such as paroxysmal noctur- incidence of MDS/AML was 15.9% { 6.2% for all 167
nal hemoglobinuria and myelodysplastic syndrome/acute children with SAA (Fig 1B). If the estimate was restricted
myelogenous leukemia (MDS/AML), has been observed in to the 62 children who received both IS and rhG-CSF therapy
the long-term follow-up of patients with aplastic anemia (Table 4, categories 1, 2, and 3), the incidence was 47.0%
(AA) who had received IS therapy.5-8 We have reported that { 17.1% ({SE) of 6 years and 3 months (Fig 1C). The 119
children with typical acquired SAA developed MDS/AML children who did not undergo a BM transplantation had an
after treatment with rhG-CSF and IS therapy.9,10

estimated 22.5% { 8.3% actuarial incidence of MDS/AML.
Clinical observations to date suggest that MDS/AML The FAB classification at the time of diagnosis of MDS/

occurs in about 5% to 15% of long-term survivors with AML was refractory anemia in 5, refractory anemia with
AA.6-8,11 In the present retrospective study, we sought to excess of blasts in 2, refractory anemia with excess of blasts
identify risk factors for the development of these late clonal in transformation in 3, and AML (M4) in 1. Cytogenetic
complications. analysis of BM cells at the time of diagnosis of MDS/AML

MATERIALS AND METHODS revealed monosomy 7 in 10 children and trisomy 21 in 1
child. Previous BM cytogenetic studies showed a normalAll patients were under 16 years of age and were diagnosed with
karyotype in 5 children, but cytogenetic studies could notuntreated severe idiopathic or posthepatitis AA between April 1988

and March 1993. The diagnosis of AA and the assessment of the be performed in the other 6 children because of low mitotic
severity of the disease were based on established criteria.12-14 All rates at the time of AA diagnosis. Six of 167 children died
clinical findings were examined by a committee member of the in the 3 years after the diagnosis of AA; 5 of these died
Japanese Society of Pediatric Hematology (Toho University School because of MDS/AML.
of Medicine, Tokyo, Japan) to assess their validity for study registra-

All 11 of the 11 children with MDS/AML received rhG-tion. Fanconi’s anemia and other congenital anemias were excluded.
CSF and cyclosporin (CSA). rhG-CSF was given for 11 toRecorded data included age; gender; hematologic findings at the
73 months (median 25 months). The actuarial total dosagetime of diagnosis; bone marrow (BM) findings, including chromo-
of rhG-CSF ranged from 2.4 to 10 mg/kg (median 8.6). Thesome examination; treatments; blood transfusions; and outcome.

These were noted retrospectively from a questionnaire. Because the mean dose per day, which was determined by dividing the
choice of treatment depended on each institution, the data showed
a variety of treatments performed in various combinations. There-

From the Aplastic Anemia Committee of the Japanese Society offore, any drug administered during the treatment, even if only once,
Pediatric Hematology.was recorded. Another questionnaire was mailed to all children who
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The clinical features of 167 children with SAA are sum- q 1997 by The American Society of Hematology.
0006-4971/97/9003-0033$3.00/0marized in Table 1. The estimated survival rate at a 7-year
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Table 1. Clinical Features of 167 Children With Severe ment of MDS/AML had not been observed at the time of
Aplastic Anemia the survey. This finding suggests the possible involvement

of the combination of these two drugs in the developmentNo. of patients 167
of MDS/AML from AA. Most of the children in our studyAge (yr) Median (range) 8 (6 mo-16 yr)
who developed MDS/AML had been treated with rhG-CSFGender M/F 78/89

Etiology Idiopathic/hepatitis 146/21 for periods of over 1 year; 6 of the 11 children had received
Disease severity Very severe/severe 76/91 doses of rhG-CSF exceeding 10 mg/kg/d. In children treated
Presentation with a low daily dose, the duration of administration was
ANC (1109/L) Median (range) 0.2 (0-2.7) long (up to 73 months). These findings suggest a dose-re-

õ0.1 1 109/L 52 patients sponse relationship of the total dosage and period of adminis-
Plt (1109/L) Median (range) 11 (1-141) tration of rhG-CSF with the development of MDS/AML.

õ10 1 109/L 68 patients
There are reports of rhG-CSF–related MDS/AML in patientsRet (1109/L) Median (range) 9 (0-113)
with severe chronic neutropenia.15-17 In these patients,17 theõ20 1 109/L 132 patients
dosage and duration of rhG-CSF administration were mas-

Abbreviations: M, male; F, female; ANC, absolute neutrophil count; sive and lengthy, similar to the present study. In contrast,
Plt, platelet count; Ret, reticulocyte count.

the children who were not treated with both rhG-CSF and
CSA did not develop MDS/AML. It is possible that MDS/
AML will appear in some children who did not receive both

total dosage by the number of days of administration, ranged rhG-CSF and CSA with continued follow-up. Nevertheless,
from 1.1 to 23.9 mg/kg/d (median 11.5). CSA was given for our data suggest the need for confirmatory retrospective or,
3 to 48 months (median 6 months), and the median cumula- ideally, prospective studies.
tive dose of CSA was 17 g, ranging from 8 g to 543 g. MDS/
AML was found only among children who had received both
rhG-CSF and CSA (Table 4, categories 1 and 2). None of
the 32 children who were administered rhG-CSF but not
CSA developed MDS/AML (Table 4, categories 3 and 4).
Similarly, MDS/AML was not present in any of the 9 chil-
dren treated with CSA but not rhG-CSF (Table 4, categories
5 and 6). Regardless of the type of therapy administered
before transplantation, MDS/AML was not seen in the 48
children who underwent BM transplantation (Table 4, cate-
gory 10).

DISCUSSION

The therapeutic outcome for acquired SAA has improved
markedly with the introduction of IS therapy and hematopoi-
etic growth factors.1-4 As the therapeutic outcome has im-
proved, long-term problems have become apparent among
patients who might have previously died of acute AA com-
plications. Of these long-term complications, the most im-
portant issue is the development of clonal hematopoietic
disorders such as paroxysmal nocturnal hemoglobinuria and
MDS/AML.5-8

In this study, we identified 11 children who developed
MDS/AML, 8 of whom developed MDS/AML within 36
months of AA diagnosis. These children developed MDS/
AML relatively earlier than those in previous reports.6,7 A
normal karyotype was confirmed in 5 of the 11 children at
the time of diagnosis of AA. Our results of chromosomal
analysis do not necessarily preclude the presence of a minor
malignant clone at the time of AA diagnosis. Nevertheless,
all the children who developed MDS/AML had typical fea-
tures of SAA, which satisfied the diagnostic criteria for this
study.

Fifty of the 167 children received both rhG-CSF and CSA,
and all 11 children with MDS/AML were in this group.

Fig 1. (A) Actuarial survival rate in 167 children with severe aplas-Among 32 children treated with rhG-CSF but not CSA (Ta- tic anemia. (B) MDS/AML incidence among 167 children with severe
ble 4, categories 3 and 4) and 9 children treated with CSA aplastic anemia. (C) MDS/AML incidence in the 62 children who were

treated with immunosuppressive therapy and rhG-CSF.but not rhG-CSF (Table 4, categories 5 and 6), the develop-
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Table 2. Characteristics of 11 Children Who Developed MDS/AML

Interval AA to FAB Classification Cytogenetic Treatment for MDS/
Patients Age Gender Etiology Severity MDS/AML (mo) MDS/AML Study AML and Outcome

1 13 M idiop vS 74 RA 07,/21 U-BMT Dead
2 14 M idiop vS 61 RA 07 Alive
3 16 M hepat S 38 M4 07 Dead
4 5 M idiop S 17 RA/M4 07 U-BMT Dead
5 3 F idiop S 30 RAEB /21 BMT* Dead
6 3 F idiop S 32 RA 07 Alive
7 5 F idiop vS 12 RAEB 07 Dead
8 9 F idiop vS 15 RAEBin T/M4 07 U-BMT Dead
9 10 M idiop vS 23 RAEBin T/M4 07 Dead

10 2 M idiop vS 22 RA 07 U-BMT Alive
11 7 M hepat S 25 RAEBin T/M4 07/07,/21 U-BMT Dead

Abbreviations: BMT, bone marrow transplantation; idiop, idiopathic AA; hepat, posthepatitis AA; vS, very severe; S, severe; RA, refractory
anemia; RAEB, refractory anemia with excess blasts; RAEBin T; refractory anemia with excess of blasts in transformation; M4, AML M4(FAB
classification, Acute Myelomonocytic Leukemia); U-BMT, unrelated donor BMT; BMT*, 2 locus mismatch BMT from family donor.

Clinical data to date suggest that development of MDS/ CSF therapy may prolong survival, unmasking the true evo-
lution of MDS/AML, but may stimulate and accelerate theAML occurs in about 5% to 15% of long-term survivors

with AA.5-8,11 In these patients, the primary issue is whether growth of a MDS clone which might have otherwise re-
mained dormant.or not the patients already had a MDS clone at the time of

AA diagnosis.18 Typical AA is usually distinct from typical Further studies are needed to identify the risk factors in
SAA for developing MDS/AML. In patients receiving im-MDS with respect to dysplastic morphology and BM cellu-

larity. Detection of chromosomal aberration provides definite munosuppressants in combination with rhG-CSF, it may be
necessary to survey for chromosomal changes at regular in-evidence of MDS. However, some researchers have pro-

posed the concept of hypoplastic MDS,19 and others have tervals soon after beginning therapy, especially in patients
receiving prolonged or high-dose rhG-CSF.argued that AA is a clonal hematopoietic disorder.20,21 Thus,

it may not be easy to differentiate MDS from AA, even in
APPENDIXpatients with typical features of SAA22 in whom an adequate

The following institutions and investigators participated in thisnumber of mitose for cytogenetic study is not available.23,24

study: Hokkaido University (J. Ishikawa); Hirosaki University (Y.Therefore, taking this unresolved issue into account, some
Sato); Institute of Development, Aging and Cancer, Touhoku Uni-patients with primary MDS may be inadvertently included
versity (S. Tsuchiya); Ibaraki Children Hospital (M. Tsuchida); Dok-among patients with the diagnosis of AA.
kyou University (T. Furukawa, K. Sugita); Saitama Children Hospi-Treatment with rhG-CSF has proven effective for infec-
tal (R. Hanada); Tokyo University (F. Bessho); Toho University

tion in SAA.25 Prevention of severe infection after IS therapy (I. Tsukimoto [study organizer], A. Ohara); Nihon University (H.
may result in increasing numbers of long-term SAA survi- Mugishima); Tokyo Medical Dental University (H. Ohkawa); Chiba
vors. However, rhG-CSF administration also has a theoreti- University (T. Sato); Chiba Children Hospital (Y. Okimoto); Jikei-
cal risk for stimulating leukemic clones,26 leading to the Kai University School of Medicine (J. Akatsuka [chairman]); Kana-

gawa Children Medical Center (H. Kigasawa); Yokohama City Uni-development of MDS/AML. Thus, it is possible that rhG-

Table 3. Detail of Therapies in 11 Children Who Developed MDS/AML

rhG-CSF CSA ALG

Duration Duration Interval to the Interval to the
of Use Relation to the Cumulative Average Dose of Use Onset of MDS/AML Relation to the Cumulative Onset of MDS/AML

Patient (mo) Onset of MDS/AML Dose (mg/kg) (mg/kg/d) (mo) (mo) Onset of MDS/AML Dose (g) (mo)

1 73 In use 2.4 1.1 48 70 19 mo later 246 74
2 32 In use 2.4 2.5 46 57 10 mo later 241 60
3 26 In use 10.0 12.8 6 15 9 mo later 25
4 11 In use 7.9 23.9 13 13 In use 4 14
5 25 5 mo later 8.6 11.5 25 25 In use 543
6 32 In use 9.7 9.0 3 25 22 mo later 15 34
7 12 In use 8.2 17.0 4 8 4 mo later 8
8 15 In use 3.0 4.8 4 14 10 mo later 19 4
9 22 In use 8.7 13.2 5 16 11 mo later 13 14

10 22 In use 8.7 17.5 6 16 10 mo later 17
11 25 In use 4.7 6.3 6 24 18 mo later 16
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Table 4. Therapy and MDS/AML Development in 167 Children With SAA

No. of No. of Patients Who
Category ALG CSA G-CSF Steroids BMT Patients Developed MDS/AML

1 / / / / 0 24 6
2 0 / / / 0 26 5
3 / 0 / / 0 12 0
4 0 0 / / 0 20 0
5 / / 0 / 0 5 0
6 0 / 0 / 0 4 0
7 / 0 0 / 0 15 0
8 0 0 0 / 0 12 0
9 0 0 0 0 0 1 0

10 * † ‡ / / 48 0

69 74 105 166 48 167 11

Abbreviations: ALG, anti lymphocyte globuline; BMT, bone marrow transplantation.
* 7 of 48 patients received ALG.
† 15 of 48 patients received CSA.
‡ 23 of 48 patients received rhG-CSF.
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26. Löwenberg B, Touw IP: Hematopoietic growth factors and21. Marsh JCW, Geary CG: Is aplastic anemia a pre-leukemic

disorder? Br J Haematol 77:447, 1991 their receptors in acute leukemia. Blood 81:281, 1993

AID Blood 0056 / 5h3a$$1103 07-01-97 19:03:23 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/3/1009/1643589/1009.pdf by guest on 02 June 2024


