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Immunosuppressive therapy using antithymocyte globulin, cyclosporine, and
danazol with or without human granulocyte colony-stimulating factor in children
with acquired aplastic anemia

Seiji Kojima, Shigeyoshi Hibi, Yoshiyuki Kosaka, Masuji Yamamoto, Masahiro Tsuchida, Hideo Mugishima, Kanji Sugita, Hiromasa Yabe,
Akira Ohara, and Ichiro Tsukimoto for the Japan Childhood Aplastic Anemia Study Group

A prospective multicenter trial of 119 chil-
dren 1 to 18 years of age with newly diag-
nosed aplastic anemia (AA) was conducted,
comparing treatment using antithymocyte
globulin (ATG), cyclosporine (CyA), and
danazol (DAN) with or without rhG-CSF (400
rg/m2, day on days 1-90). All children with
very severe AA received rhG-CSF (VSAA
group, n = 50). The other children were ran-
domized to receive ATG, CyA, DAN, and
rhG-CSF (G-CSF+ group, n = 35) or ATG,
CyA, and DAN without rhG-CSF (G-CSF —
group, n = 34). After 6 months, the hemato-

in the VSAA group, G-CSF + group, and
G-CSF— group, respectively. There was no
difference in the incidence of febrile epi-
sodes and documented infections between
the G-CSF+ and G-CSF— groups. Bone
marrow transplantation (BMT) was at-
tempted in 22 patients in whom initial immu-
nosuppressive therapy (IST, n = 18) failed
orinwhom a relapse occurred after an initial
response (n = 4). Nineteen of the 22 pa-
tients are alive and well after a median
follow-up of 18 months (range, 3 to 66
months) since BMT. The probability of sur-

group, 91% = 5% in the G-CSF + group, and
93% = 6% in the G-CSF — group. Myelodys-
plastic syndrome (MDS)/acute myeloid leu-
kemia (AML) developed in one patient in
each of the three groups; the overall risk for
MDS/AMLwas 3% = 2% at 4 years. Because
the results of IST were encouraging, it is
suggested that children with AA receive
IST as first-line therapy if there is no hu-
man leukocyte antigen-matched sibling
donor. (Blood. 2000;96:2049-2054)

logic response rate was 71%, 55%, and 77% vival at 4 years was 83% = 7% in the VSAA © 2000 by The American Society of Hematology

Introduction
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Acquired aplastic anemia (AA) is an uncommon but seriougrs of AA who have been treated with IST are at risk f(§"
disorder characterized by pancytopenia resulting from nonfunctiamyelodysplastic syndrome (MDS) and acute myeloid leukengia
of the bone marrow. Although bone marrow transplantation (BMTRAML). &° Our retrospective analysis showed that MDS/AML witE
from a human leukocyte antigen (HLA)-identical sibling donor isytogenetic abnormalities developed in 11 of 62 children trea&d
the treatment of choice, this approach is limited by the availabilityith immunosuppressive agents and rhG-C8Because hemato & e
of such donors. Immunosuppressive therapy (IST) has been mietic growth factors can stimulate leukemic clones, long- tegn
alternative treatment for patients who do not have suitable donoaslministration may facilitate the progression of AA to MDS cg
Several recent studies have shown encouraging results withAML.** These findings formed the basis for our prospectl\&,
combination of antithymocyte globulin (ATG) and cyclosporingandomized, controlled study comparing ATG and CyA theraﬁy
(CyA),12 but the patients treated in these studies were primariyith or without rhG-CSF in children with AA. This is the Iargesﬁ
adults. There are several differences in disease characteristii®spective multicenter study of childhood AA.
treatment methods, and therapeutic response between children and
adults that have received little attentidn.

Several hematopoietic growth factors have been used as singlatients, materials, and methods
agents in the treatment of AA and in combination with F3¥mong
them, recombinant human granulocyte colony-stimulating factbptients
(rhG-CSF) and recombinant human granulocyte-macropha@iis multicenter trial was designed by the Japan Childhood Aplas@c
colony-stimulating factor (rhGM-CSF) have been the most exteAnemia Study Group and involved 49 hospitals. Patients with acquired A
sively evaluated® Both rhG-CSF and rhGM-CSF can effect awere eligible if they met the following criteria: age younger than 18 yeag;,
transient increase of the neutrophil count in most patients with AAecently diagnosed disease (within 180 days) without specific préor
Death from infectious complications is a risk associated with 1Sfeaiment, and moderate to very severe AA. The disease was considered
for AA, but the use of hematopoietic growth factors may lower thlt%evere if at least two of the following were noted: a neutrophil count of less
) ; an 0.5x 1%L, a platelet count of less than 20 1%L, and a reticule
risk and improve the chance for a good response. In fact

: 'cffte count of less than 28 10°%/L with hypocellular bone marrow? AA
European pilot study of ATG, CyA, and rhG-CSF therapy showagas considered very severe if the criteria for severe disease were fulfilled
encouraging results in 40 patients with severe’AA. and the neutrophil count was below 0210%L. Moderate disease was

Recently, several studies have suggested that long-term sutéfined by at least 2 of the following hematologic values: a neutrophil count
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of less than 1.0x 1%L, a platelet count of less than 5010%L, and a their parents, and the study was approved by the ethics committee of each
reticulocyte count of less than 60 10°/L with hypocellular bone marrow. participating hospital.

Patients were excluded if they had congenital AA or paroxysmal
nocturnal hemoglobinuria with positive findings on the Ham test/sucrose
test. Cytogenetic studies were performed for all patients. Patients wj
clonal cytogenetic abnormalities were included in the study if their bone
marrow aspirate findings did not meet the criteria for MDS.

esults
Patient characteristics

Treatment protocol From November 1992 to September 1997, 119 children with newly

All patients with very severe AA were administered ATG, CyA, DAN, andliagnosed AA were entered in the study. Interim analysis was
rhG-CSF. Patients who had severe AA and neutrophil counts of more tHagrformed in April 1999. Fifty patients fulfilled the criteria for very
0.2 X 10°/L and patients who had moderate AA were randomized to receigevere AA (VSAA group) and were treated with ATG, CyA, DAN,
either ATG, CyA, DAN, and rhG-CSF or ATG, CyA, and DAN. Horse ATGand rhG-CSF. In addition, 35 patients were randomized to receive
(Lymphoglobuline; Merieux, Lyon, France) was administered at a dose ATG, CyA, DAN, and rhG-CSF (G-CSF group), and 34 were

1.5 vials/10 kg per day for 5 days as a slow intravenous infusion over }gndomized to receive ATG, CyA and DAN (G-CSHjroup). Nine
hours. For the prevention of serum sickness, methylprednisolone (2 mg/ﬁﬂtients were excluded from analysis because of a diagnosis of
per day) was administered intravenously on days 1 to 7. Then methylprﬂDS after randomization (1 patient), treatment without ATG @&
nisolone was given at 1 mg/kg per day orally on days 8 to 14, and the d%

was tapered to end on day 30. Cyclosporine (6 mg/kg per day orally) §tlents), or bone marrow transplantation within 3 months O%f

’ . - . g
started on day 1 and continued at least until day 180. The dose was adju iQgnosIs (2 patients). Clinical characteristics of the G'q;%d_ §

to achieve a whole blood trough level of 100 to 200 ng/mL. Blood levels §p-CSF- groups were comparable (Table 1). AA was associatgd
cyclosporine were measured by radioimmunoassay with monoclonal aMith hepatitis in 21 patients; it was drug-induced in 1 patient andf
body. Danazol (5 mg/kg per day orally) was started on day 1 and continudiknown etiology in the others. Among the patients randomizecto
until day 180. rhG-CSF (Filgrastim; Kirin-Sankyo, Tokyo, Japan) wathe G-CSF- arm, 6 patients with infections received rhG-CSF atia
administered intravenously or subcutaneously at a dose ofud® per dose of 40Qug/n? per day for a median of 6 days (range, 3 to %)
day from day 1 to day 90. After the neutrophil count reached more thamys). Based on the intent-to-treat principle, these 6 patients viere

5 X 107/L, it was administered 3 times a week. analyzed as part of the G-CSFgroup. §
[0]
Evaluation of response and toxicity Neutrophil response §
[o]
Complete response (CR) was defined as a neutrophil ceii < 10°/L,a  Neutrophil recovery occurred earlier in the G-CGSBroup than in the 3

platelet count>100x 10°%L, and a hemoglobin level of>11.0 g/dL.

- ! - G-CSF- group. After 2 weeks, the mean absolute neutrophil co@nt
Partial response (PR) was defined as a neutrophil cotn® X 109L, a

platelet count 20< 1(°/L, and a hemoglobin level 6f8.0 g/dL in patients |ncreasgd 0 55 55X 10/L, and a plateau was observed S“bsg
with severe or very severe AA. It was defined as a neutrophil couﬂyenﬂym the G_C.SFF group. In the G-CSF group, the mean absolut@g
1.0 X 1%L, a platelet count>30 X 10°/L, and a hemoglobin level 6£8.0 neutrophil count increased to 2:11.5X 10/L after 2 weeks and &
g/dL in patients with moderate AA. Relapse was indicated by the return @gcreased to 0.84 0.46 < 10°/L after 4 weeks; a plateau was observegl
the peripheral blood cell counts to levels meeting the definition of severetfiereafter. There was a significant difference in the mean absdjute
moderate AA and the requirement for blood transfusion. Toxicity dfieutrophil count between the G-CSfand the G-CSF groups during %
treatment was evaluated for the first 3 months and was graded accordingh® first 3 months of therapy. In the VSAA group, the mean absolgte

the criteria of the World Health Organizatidh. neutrophil count increased to 3t14.7 X 1(P/L after 2 weeks, and ag
All participating hospitals were required to complete case report formsjateau was reached thereafter.

Survival and relapse were analyzed using the Kaplan-Meier méthod.

Differences between treatment groups were evaluated by the log-rank fEdlineage response

and the generalized Wilcoxon test. The Fisher Exact test was used to . ) <

compare response rates. The Mann-Whitdegst or the Studeritestwas  After 3 months, CR was observed in 4 (9%) and PR in 17 (38%0)

used to compare continuous variables. All comparisons were made watients, for an overall response rate of 47% in the VSAA grogp

two-tailed tests. Informed written consent was obtained from all patients @Fable 2). In the G-CS¥ group, 5 (15%) patients achieved CR ang

6 Aq ypd 610
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Table 1. Pretreatment characteristics of the study groups N
VSAA group G-CSF+ group G-CSF— group
Randomized 50 35 34
Evaluable 46 33 31
Sex (M/F) 23/23 14/19 19/12
Median age, years (range) 9 (1-18) 8 (2-16) 9 (1-15)
Cause of aplastic anemia
Idiopathic 37 26 25
Hepatitis 9 6 6
Drug 0 1 0
Median days from diagnosis to treatment (range) 12 (1-140) 38 (3-180) 26 (3-166)
Severity of disease
Very severe 46 0 0
Severe 0 18 18
Moderate 0 15 13
Median neutrophil count X 109/L (range) 0.08 (0-0.19) 0.48 (0.21-1.40) 0.46 (0.21-1.40)
Median platelet count X 10%L (range) 7 (2-25) 13 (1-56) 14 (3-41)
Median reticulocyte count X 10%L (range) 7 (0-41) 32 (3-75) 29 (6-117)

VSAA, very severe aplastic anemia.
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8 (24%) achieved PR, for an overall response rate of 39%. In tRervival

G-CSF- group, 1 (3%) patient achieved CR and 16 (50%}\ vsis of val at 4 led ianificant dif
achieved PR, for an overall response rate of 53%. There were nna ysiS of survival at 4 years revealed no significant difterence

statistically significant differences in overall response rates b%e_(l)ated the mode of treatment (Fig. 1). The overall probability of

I 0, 04 | 0, 04 |
tween the G-CSF and the G-CSF groups P = .21). After 6 survival was 83%t* 7% in the VSAA group, 91%:* 5% in the

- 0, 0, i - I
months, the overall response rate increased from 47%to 71% in t eCSH group, and 93%- 6% in the G-CSF group, with a

VSAA group, from 39% to 55% in the G-CSFgroup, and from médian follow-up period of 40 months (range, 20 to 78 months), 36

53% to 77% in the G-CSF group. The difference in response ratesrmn 22::2)022%2’;8;? ?riggr\mi)a, ; gga?;sr?notnrfzi/(srzr,&g;r’oi% tg i7r18
between the G-CSF and the G-CSF groups was still not : v. .

tatistically sianificant ® = 18). O I i h he G-CSH- group, and 1 in the G-CSF group. Causes of death
statistically significant R = .18). Overall response rates showe ere bacteremia (2), interstitial pneumonitis (2), BMT-related

litle change b?‘““_’ee” 6 months and _12 mor_lths in each gro"l!gxicity (3), MDS (1), intracranial hemorrhage (1), and car
Results were similar when the 36 patients with severe AA WeLR ident &)

analyzed separately. After 6 months, 11 of 18 (61%) patients
randomized to the G-CSFgroup responded compared with 15 ofCytogenetic analysis and clonal disease
18 (83%) patients randomized to the G-CSEgroup. The differ-

ence was not significanB(= .26). At the time of diagnosis, an adequate number of mitoses for

cytogenetic studies were available in 101 of 119 patients. A clogal
Infectious complications cytogenetic abnormality was detected in 3 of 101 (2.9%) patie@{s,
who otherwise had morphologically typical AA. None of these 8

During the first 3 months of therapy, documented infectionSasients had MDS/AML, and the disappearance of clonal abnormdli-
developed in 11 of 46 patients from the VSAA group (Table 3}ia5 was observed during follow-up in 2 of them. =

including severe infections such as bacteremia (4 patients), pneumo\ew clonal abnormalities appeared in 7 patients after |§|—:
nia (2 patients), and splenic abscess (1 patient). Two patients whggomy 8 (3 patients), monosomy 7 (2 patients), trisomy 11 §1
neutrophil counts remained critically low died of bacteremia at 3Batient), and del (13) (1 patient). Three of the 7 patients wgh
days and 102 days after the start of treatment. Pneumogigogenetic abnormalities (2 with monosomy 7 and 1 with trisorgy
developed in only one patient in the G-CS[group, and no severe 11) had a dysplastic morphology, and MDS developed at 9, 11, nd
infections developed in the G-CSFgroup. Including mild to 17 months after the diagnosis of AA. In these 3 patients, a nor@al
moderate infections, there was no difference in the incidence jgfryotype was confirmed and no morphologic abnormalities Wé:re
documented infections between the G-GSRgroup and the detected at the time of diagnosis of AA. One patient with vegy
G-CSF- groups. The median number of febrile days38°C) was severe AA did not respond to initial therapy and remaingd
also the same in the two groups. Three patients contracted typigapendent on blood transfusions and rhG-CSF. He was treated @ith
interstitial pneumonitis at 38, 60, and 68 days after the start of IShG-CSF for 510 days and died of leukemic transformation. Nige
and 2 of them died. Cytomegalovirus was detected in the peripheri@nths after the diagnosis of AA, 1 patient randomized to tﬁe
blood cells of 2 of them by the antigenemia assay or the polymerageCSF- arm and not given rhG-CSF contracted refractory aner§ia
chain reaction assay. It is noteworthy that all 3 patients hadith excess of blasts (RAEB) with monosomy 7. Another patie@t
hepatitis-associated AA and that none of the patients with idicandomized to the G-CSF arm was given rhG-CSF for 85 days
pathic AA had this complication. and contracted RAEB with trisomy 11. Both patients underweﬁzn

Table 2. Response to treatment at 3, 6, and 12 months after initial treatment

Pvalue G-CSF+

20z 8unr 60 uo 3senb Aq Jpd 610z

VSAA G-CSF+ G-CSF- group vs
group group group G-CSF— group
3 months
Numbers evaluable 46 33 31
CR 4947% 5939% 1953% 0.21
PR 17 ] 8 ] 16 ]
NR 25 20 14
Alive 24 19 14
Dead 1 1 0
6 months
Numbers evaluable 45 33 31
CR 14971% 8155% 10977% 0.18
PR 18 10] 14
NR 13 15 7
Alive 10 14 7
Dead 3 1 0
12 months
Numbers evaluable 44 30 30
CR 22973% 11 760% 13970% 0.59
PR 10 7 8
NR 12 12 9
Alive 9 10 9
Dead 3 2 0

CR, complete response; PR, partial response; NR, no response.
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Table 3. Febrile episodes and documented infections during 90 days after the 1.0
start of treatment g
VSAAgroup  G-CSF+ group  G-CSF— group v 081
(n = 46) (n=33) (n=31) 5
3 —_—
No. patients 5 061 G-CSF(-)
Documented infections 11 8 7 g
Severe infection 2 04
(grade 3 or 4) é | T e b
Bacteremi 4 0 0 S 024 G-CSF(+)
acteremia o s o e e 31 ' 0 o SRR L DR AR W
Pneumonia 3 1 0 VSAA
Spleen abcess 1 0 0 0 T T v r T T T
Interstitial pneumonitis 1 1 1 0 10 20 30 40 50 60 70 80
Mild to moderate infection Months after treatment
(grade 1 or 2) Figure 2. Cumulative incidence of relapse in children with aplastic anemia in
Cellulitis 1 0 0 the VSAA group (n = 46), the G-CSF+ group (n = 33), and the G-CSF — group
Urinary tract infection 0 1 0 (n = 31). Tick marks denote surviving patients.
Perianal abscess 0 1 0
» I o]
Otitis media 0 0 1 ) S
Herpes zoster 1 3 3 family members (n=4), and HLA-matched unrelated donor§
Herpes simplex 0 0 2 (n = 15). The median time between initial IST and BMT was 127
Mumps 0 1 0 months (range, 3 to 66 months). Two patients with unrelated dorﬁ:‘)rs
Febrile days (=38°C) and one with an HLA-mismatched family donor died at 1, 8, and §6
Median (range) 7 (1-49) 3(1-9) 3(1-39) months after transplantation. Causes of death were cardiac fallﬂre

graft rejection, and chronic graft-versus-host disease (GVHD).

mouqndusw

bone marrow transplantation from alternative donors and are stlﬂX'C'ty
alive. Because distinctive morphologic features of MDS were n@verall, treatment was very well tolerated. Only one pat|eglt
found in 3 patients with trisomy 8 and 1 patient with del (13), MDould not complete treatment, and this patient experiencedan
was not diagnosed. Malignant disease did not develop in eithergifaphylactic reaction to ATG. The incidence of side effe(gs
them during the follow-up period, nor were the symptoms afssociated with ATG and CyA therapy was similar in the
paroxysmal nocturnal hemoglobinuria observed in any patient. G-CSF+ and G-CSF- groups. Typical side effects of CyA, suct$
as renal toxicity and tremor, never exceeded grade 1. We did%ot
observe any toxicity attributable to rhG-CSF, such as fevgr
Of the 77 patients with responses, 17 had relapses 7 to 48 monihgalgia, or bone pain.
after treatment. The risk for relapse at 4 years was 13686 in the
VSAAgroup, 29%=* 15% in the G-CSF group, and 64%t 19%
in the G-CSF- group (Fig. 2). There was no significant differencéDiscussion
in relapse rate between the G-CSEBnd G-CSF- groups P = .10).
Among the 17 patients who had relapses, 9 received a secdri results of this prospective multicenter study showed an |mpr08ed
course of IST with ATG and CyA. Three of 9 patients responded fgrognosis for children with acquired AAwhen intensive |mmunosuppr§s
the second therapy. BMT from an HLA-matched unrelated donsive therapy is given. Overall, 71% of the patients responded withig 6
was attempted in 4 patients, and 1 died of complications relatedre@nths, and the probability of survival at 4 years was more than 9@/0
BMT. Thus, 16 patients are alive at 3 to 52 months after relapse. Recently, a German pediatric group also reported the result§ of
) combined immunosuppressive therapy with rhG-CSF in newly d|gg-
Bone marrow transplantation nosed AA in childrers Ninety-three children with very severe, sever§,
§nd moderate AA (5 54, 31, and 8, respectively) were entered in tfze
trial between 1994 and 1998. At first, rhG-CSF was administered gor
patients with very severe and severe AA. Since 1996, it was admifiis-
tered only for patients with very severe AA. The response rate and
actuarial survival rate were compatible with those obtained in our study.

Relapse

08184/8518991/6%02/!

BMT was attempted in 22 patients in whom the initial IST faile
(n = 8) or who had relapses after initial responses-(4). Marrow
donors included HLA-identical siblings (A 3), HLA-mismatched

10 L:J.i.l:.:.w_mmi‘ ‘{“L;J' — e G-CSFL) Complete or partial response was achieved in 74% of the patients, and
SRR W g (T N the probability of survival at 4 years was 85%. In patients treated with a
0.8 VSAA single immunosuppressive agent, low neutrophil count and young age
3 have been reporté&tto be poor prognostic factors. An earlier European
g 081 study found only one long-term survivor among 11 children younger
< than 5 years who had a neutrophil count of less tharxQLRP/L after
2 04 ATG therapy. In the current study, all 12 children with these same
g characteristics are still alive. Although the number of patients who died
a 02 in the current study was small, making the analysis of prognostic factors
difficult, neither young age nor low neutrophil count seems to be
° T 2 20 © 50 o 10 o  associated with poor outcome.

Several hematopoietic growth factors have been used in the treat-

) ) ) . . ) . ment of AA, both as single agents and in combination with IST. Among
Figure 1. Actuarial survival of children with aplastic anemia in the VSAA group .
(n = 46), the G-CSF+ group (n = 33), and the G-CSF — group (n = 31). Tick them, G-CSF has been the most extensively evaluated and has been
marks denote surviving patients. shown to cause a transient increase in neutrophil count in most

Months after treatment
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patient$>181n the European pilot study, 40 patients received a combing4%. We offered BMT from alternative donors to 19 patients in
tion of ATG, CyA, and rhG-CSF, with 82% achieving trilineagewhom IST failed or who had relapses. Sixteen of 19 (84%) patients
hematopoietic reconstitution and an actuarial survival rate of 92% ahg alive and well after a median follow-up of 21 months since
years’ These encouraging data formed the basis of later prospect®B®IT (range, 3 to 66 months). The inclusion of irradiation and ATG
randomized trials. Although we found that rhG-CSF was well toleratéd the preparations for transplantation may reduce graft reje€tion.
and that it accelerated neutrophil recovery, there was no difference inttheaddition, the smaller diversity of histocompatibility antigens
trilineage response, incidence of documented infections, and ovesstiong Japanese might be associated with a low incidence of severe
survival between the G-CSFgroup and the G-CSF group. At the acute GVHD?8 Considering the very encouraging results, alterna
same time, the European group conducted a randomized trial aimetivet donor BMT is recommended as salvage therapy in patients
evaluating the effect of rhG-CSF in combination with ATG and CyA inith severe AA who have not responded to initial IST or who
102 patients with severe and very severéAaincluded children and relapse after the initial response.
adults. Results showed that there was no difference between theOne of the objectives of this study was to investigate whether
G-CSF+ and the G-CSF groups in the rate of a trilineage responséhe therapeutic modality influenced the development of MDS/AML
and the 2-year survival rate. It was concluded that rhG-CSF therapy ticoatients with AA. MDS/AML developed in 1 patient in each of
not modify long-term hematopoietic recovery and survival in patientese 3 groups, and the overall incidence of MDS/AML was
with severe and very severe AA. 3% = 2% at 6 years. Our previous study showed that the probabil-
Expert panelists of the American Society of Clinical Oncology haviey of developing MDS/AML was 47%t+ 17% in patients who %_,
proposed evidence-based guidelines for the use of hematopoietic grawtteived IST and rhG-CSE. However, cytogenetic analysis of
factors? Of the endpoints they considered when evaluating the benéfitne marrow cells could not be performed at the time of A%A
of hematopoietic growth factors, they placed great weight on overdiagnosis in a considerable percentage of the patients in the st8idy.
survival rates, reduction of documented infections, decreased hospitaliarong the 85 patients treated with ATG, CyA, DAN, ané
tion, and reduced costs, whereas they assigned less weight to alteratib@sCSF, the cumulative incidence of MDS/AML wast23% in 2
in the absolute neutrophil count. Our results suggested that there igim® current study. In the previous study, the median duratloncof
good reason to use rhG-CSF in combination with immunosuppressités-CSF administration was 25 months (range, 11to 73 months;‘ in
agents as the initial therapy for patients with neutrophil counts greatee 11 patients in whom MDS/AML developed. Six of these :El
than 0.2x 1@P/L. The incidence of severe infections was so low that jpatients received rhG-CSF at doses exceeding.d/f@g per day. @
was difficult for meaningful comparison of the G-C8Rand G-CSF  Administration of rhG-CSF for more than 1 year was the madst
groups. On the other hand, life-threatening infections were mdraportant risk factor for MDS/AML in adult patients with AZ. E;.&’
common in patients with very severe AA who received rhG-CSBased on these observations, patients treated for longer perioc@ or
because their infections occurred early during treatment before neutiven higher cumulative doses of rhG-CSF seem to be at |ncre@ed
phil recovery had begun. Hence, the potential role of rhG-CSF iisk for MDS/AML. In the current study, rhG-CSF was onIyS
treating patients with very severe AAwarrants further study. administered for the first 3 months of treatment. In an exceptlogal
Unexpectedly, typical interstitial pneumonitis developed in 3 of 2donresponder treated with rhG-CSF for 510 days, MDS develoﬁed
(14%) patients with hepatitis-associated AA after treatment. Cytomegeth monosomy 7. The different durations of rhG-CSF admlnlstra-
lovirus was detected in peripheral blood cells from 2 of them. Wion seemed to be the cause of the difference in the mmdenc@ of
believe that this represents the first report of cytomegalovirus pneumdiBS/AML between our two studies.
tis after IST in patients with AA. Cytomegalovirus pneumonitis is a Cytogenetic studies on marrow samples are not commo@ly
common cause of significant sickness and of death in severely immupe+formed in patients with AA, primarily because of the
compromised patients. Abnormal cellular or humoral immunity is notetifficulty in obtaining sufficient cells for analysis, especially q
in patients with hepatitis-associated A¥2\We previously reported a the onset of the disease. Thus, there are few prospective stuglies
marked decrease of CDdymphocytes in these patiedfTherefore, it on cytogenetic abnormalities in acquired AA. In the curre‘ét
seems that intensive immunosuppression with ATG and CyA may cassaedy, an adequate number of mitoses was available for 10% of
cytomegalovirus pneumonitis in immunocompromised hosts. B-céll9 patients before the start of therapy, and a clonal cytogen&tic
lymphoproliferative disorders related to Epstein-Barr virus are alsdonormality was detected in 3 of 101 patients with otherwi§e
known to develop in severely immunocompromised hosts, as nrphologically typical AA. Between 4% and 11% of patlentg
cytomegalovirus pneumonitis. Such a disorder also arose in a patieith AA are reported to have chromosomal abnormalities Bt
with hepatitis-associated AA who was treated with ATG and €yA.diagnosisi®3! Interestingly, 2 of 3 patients with cytogenetic
Thus, prophylactic therapy and virologic surveillance for cytomegalovidbnormalities responded to initial IST, and their karyotypic
rus are recommended after IST in patients with hepatitis-associated A&dnormalities disappeared. None of them evolved to MDS/
The most difficult to treat patients with severe AA are those whaML. Geary et at? also reported that 8 of 13 patients with AA
do not respond to intensive immunosuppression, and they continvieo had an abnormal cytogenetic clone responded to IST with
to have poor prognoses and die of infection or bleeding. Salvagewithout oxymetholone. These results suggest that IST should
therapy is limited to BMT from alternative donors, such abe given to patients with the morphologic diagnosis of AA but
HLA-partially matched family members or HLA-matched unrewith an abnormal karyotype.
lated donors. To date, the results of BMT using alternative donors New abnormal cytogenetic clones were detected in 7 patients
have generally been unsatisfactory in patients with AA. There isdarring follow-up, 2 of whom were part of the G-CSFgroup.
high incidence of graft rejection and severe or fatal GVHD. In th€ytogenetic abnormalities developed after treatment at comparable
National Marrow Donor Program Stuéypnly 29% of 31 patients rates in the G-CSF and G-CSF- groups, but the follow-up period
with AA who underwent transplantation from unrelated donoris still too short to evaluate the true risk. We believe it is important
survived for 2 years or longer. Higher engraftment and survivéd continue to observe this cohort of patients for a long time to
rates were reported by the Milwaukee grd@pyho studied 28 access the risk for late clonal disease.
young patients treated with intensive conditioning and partial T-cell In conclusion, although rhG-CSF is safe for short-term adminis-
depletion. In their study, the probability of survival at 4 years watsation, the addition of rhG-CSF to IST has no benefit in terms of
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the hematologic response, incidence of documented infection, &l should receive IST as first-line therapy if there is no HLA-
overall survival rate in children with AA whose neutrophil countsdentical sibling donor. Alternative donor BMT offers a good
are greater than 0.2 10°/L. Therefore, there is no good reason tachance of survival for those who do not respond to intensive IST.
use rhG-CSF as an adjunct to initial IST therapy. Results of ISThe excellent overall survival rate in this study reflects the results
therapy were very encouraging in the current study. Children witif salvage treatments and of initial therapy.
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