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ABSTRACT 

The clinical data and hematological features 
of 29 children, under the age of 12 years, with 
primary myelodysplasia are presented. The di-
agnosis was made using the FAB (French-Amer-
ican-British) Cooperative Group criteria. There 
were 24 males and 5 females aged 4 months to 
12 years (median 2.5 years) with marked male 
preponderance. Childhood myelodysplasia con-
stituted 16% of all hematological maligenancies 
and 36.7% of acute myeloid leukemias. The me-
dian duration of symptoms prior to diagnosis 
was 3 months. There were 15 cases of refractory 
anemia, one of refractory anemia with excess 
blasts, 3 of refractory anemia with excess blasts 
in transformation and 10 cases of chronic my-
elomonocytic leukemia. Five patients evolved to 
acute myeloid and 4 to acute lymphatic leuke-
mia. The median duration of preleukemic phase 
in these patients was 7 months (range 4-29 
months). The overall mean survival was short 
(5-9 months) in all the subgroups. Besides sup-
portive therapy in most patients, two patients 
were treated with etoposide, one with alfa inter-
feron 2b and one with high dose methylpred-
nisolone. Our results show that myelodysplasia 
is not infrequent in children. The disease has an 
aggressive clinical course and may evolve into 
acute leukemia. 

Key words: Myelodysplasia, Preleukemia, 
Acute leukemia. 

Preleukemia might be thought of as a 
recognizable syndrome of hematopoietic 
dysfunction, which often but not invariably 
precedes the development of acute leuke-
mia(l). Hallmarks of preleukemia include 
ineffective hematopoiesis, peripheral blood 
cytopenias, and hypercellular bone marrow. 
In children, this is true in pre-AML (acute 
myeloid leukemia) patients, but in pre-ALL 
(acute lymphoid leukemia) the bone mar-
row may be hypocellular(2). A French-
American-British group in 1982 subclassi-
fied preleukemia into five myelodysplastic 
syndromes (MDS, Table I)(3). 

Subsequently, refinements have been 
suggested based on trephine biopsies and 
cytogenetic information. However, the ade-
quate diagnosis of primary myelodysplasia 
(preleukemia) in childhood has been com-
plicated by both its rarity and a confusing 
nomenclature^). Hence, a majority of pre-
leukemic cases in children may remain 
undiagnosed and unpublished(5). We have 
reviewed the clinical and hematological 
characteristics in 29 consecutive patients 
with primary myelodysplasia diagnosed at 
Our centre over the past 8 years. 

Material and Methods 

During November 1984 to October 
1992, 29 patients under the age of 12 years 
with primary myelodysplasia, as defined by 
the FAB diagnostic criteria (Table I), were 

From the Department of Pediatric Hematology 
and Oncology, B.J. Wadia Hospital for Chil-
dren, Institute of Child Health and Research 
Centre, Parel, Bombay 400 012. 

Reprint requests: Dr. Bharat R. Agarwal, Con-
sultant Pediatric Hematologist and Onco-
logist, 63, Gandhi Nagar, Bandra (East), 
Bombay 400 051. 

Received for publication: March 18, 1993; 
Accepted: April 15, 1994 

797 



 

 
■ 

seen at B.J. Wadia Hospital for Children. In 
the same period 150 patients with acute leu-
kemia were diagnosed. None of the patients 
had known prior exposure to cytotoxic 
drugs, radiation or other known mutagens. 
No geographical clustering of cases was 
noted. There was no family history of hema-
topoietic malignancy or other solid malig-
nancy. Patients with major constitutional 
abnormalities, e.g., Down's syndrome were 
excluded. 

The diagnosis of myelodysplasia was 
based on peripheral blood and bone marrow 
findings, using standard cytochemical stains 
in all cases. Staining for sideroblasts was 
done in the last 5 cases. Bone marrow and 
lymph node histology was examined in 15 
and 3 cases, respectively. Bone marrow 
karyotype was determined by GTG (G 
banding with trypsin and Giemsa) banded 
metaphases analysis in three cases. Granu-
lopoietic (CFU-GM) colonies were evaluat- 
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ed after incubation of marrow buffy coat or 
light density peripheral blood mononuclear 
cells in cultures in two cases(6). Hemo-
globin F was estimated using a standard 
method. Patients were also assessed using 
the Bournemouth score(7). 

Results 

Of the 29 patients with myelodysplasia, 
24 were boys; the age ranged between 4 
months and 12 years (medium 2.5 years). 
Twenty patients were below four years at 
diagnosis (Table II). No seasonal predilec-
tion was noted. During the period under 
study 100 cases of acute lymphatic leuke-
mia, 50 cases of acute myeloid and 2 cases 
of chronic myeloid leukemia were diag-
nosed. Myelodysplasia thus constituted 16% 
of all hematological malignancies, and 
36.7% of acute myeloid leukemias (AML). 

The duration of symptoms prior to diag-
nosis ranged from 11 days to 24 months, 
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 TABLE I-FAB Classification of the Myelodysplastic Syndromes (3) 

  Features  
 Subtype   
  Blood Bone marrow 

 Refractory anemia Cytopenia Blasts < 5% 

  Monocytes < 1 x 109/L Sideroblasts <15% 
 Refractory anemia Cytopenia Blasts <5% 
 with ring sideroblasts Monocytes < 1 x 109/L Sideroblasts 15% 
 Refractory anemia Cytopenia Blasts >5% - <20% 
 with excess of . Monocytes < 1 x 109/L  
 blasts Blasts >1% - <5%  

 Refractory anemia Cytopenia Blasts <20% - <30% 
 with excess of Blasts >5% or or Auer rods 
 blasts in trans- Auer rods  
 formation   
 Chronic myelomonocytic Monocytes > 1 x 109/1 Blasts up to 20% 
 leukemia Blasts <5% Promonocytes ++ 
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    TABLE II - Clinical Data at Diagnosis   

 Patient Sex Age Symptoms Lymphadeno- Liver Spleen 
 No.  (yr)  pathy  (cm) (cm) 

1 M 9 Pallor, fever Cervical 2 3 
   abscesses     
2 M 11 Fleeting joint  - 2 2 
   pains, bruising,     
   bleeding, fever     
3 M 8 Fever, bleeding Right hilar 0 0 
4 M 12 Fever, bleeding Hilar and 0 0 
    mediastinal   
5 M 0.7 Fever, pallor Generalized 5 8 

6 F 0.6 Fever, recurrent  - 4 9 
7 F 4 Fever, joint pains,  - 0 1 
   pallor, cough     
8 M 0.8 Pallor, bleeding  - 2 1 
   fever     
9 M 1.3 Fever, cough  - 2 10 

10 M 4 Fever, pallor  - 0 0 
11 M 4 Fever, pallor Axilla 2 0 

12 M 1 Fever, irritability  - 4 10 
13 M 10 Pallor, recurrent  - 4 12 
   infections     

14 M 7 Pallor, recurrent  - 3 8 
   infections     

15 F 1.5 Fever, pallor Generalized 6 8 
16 F 10 Fever, abdominal Hilar  1 0 
   pain, bleeding     

17 M 8 Fever, bleeding  - 2 2 

18 M 10 Fever, bleeding Generalized 8 3 
   anasarca     

19 M 3.5 Fever, limbs Cervical 4 ,3 
   pains, pallor     

20 M 3.5 Fever, stomatitis Inguinal 1 0 
21 M 0.5 Pallor, irritability  - 5 5 
22 M 2 Fever, recurrent  - 1 0 

    infections     

        ( Contd.) 
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with a median of 3 months. Typically, pa-
tients presented with symptoms related to 
anemia, neutropenia and thrombocytopenia. 
Three patients had history of jaundice 6 to 8 
months prior to onset of symptoms. Two pa-
tients had tuberculosis and one had infec-
tious monoriucleosis 6 months prior to diag-
nosis of myelodysplasia. Three cases had 
associated recurrent, fleeting joint pains. 
Hepatosplenomegaly was prominent in all 
but seven patients; half the patients had 
lymphadenopathy. Unusual presentations 
included multiple recurrent lymph node 
abscesses (Case 1), generalized anasarca 
(Case 13), serositis (Case 1) and Micku-
lick's syndrome (Cases 2 and 5). 

At presentation all patients had func-
tional or numerical deficits in at least two 
of three myeloid stem cell derivatives 
(Table III). Hemoglobin levels ranged from 
3.1 g/dl to 9.7 g/dl (median 5.4 g/dl); leuco-
cyte count ranged from 1.7 x 109/L to 68.4 
x 109/L (median 13.2 x 109/L), and the 
platelet count varied from 8 x 109/L to 265 
x 109/L (median 54 x 109/L). Seven patients 
had blasts on the peripheral smear; 2 of 
them also showed Auer rods. Only four 
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patients did not have circulating nucleated 
red blood cells. Twenty three patients 
showed morphological changes in red blood 
cells. Fetal hemoglobin was measured dur-
ing the preleukemic phase in 15 patients. It 
was normal in seven cases, ranging in the 
others between 2.2% and 18.8%. Six cases 
had clinical and laboratory features sugges-
tive of juvenile chronic myeloid leukemia. 

Bone Marrow Features 

Bone marrow aspirates were obtained in 
all cases and were hypercellular in 15 cases, 
normocellular in 8 cases and hypocellular in 
6 cases. All the cases showed dysplastic 
changes in at least two cell lineages in the 
marrow. Dysgranulopoiesis with abnormali-
ties of maturation was seen in all but 
one patient. Dyserythropoiesis and dys-
megakaryopoiesis was present in 22 and 18 
patients, respectively. Only 2 patients had 
more than 20% blasts (Case no. 15 and 17) 
and 17 patients had none. There were 15 
cases of refractory anemia (51.7%), one 
case of refractory anemia with excess blasts 
(3.5%), 3 cases of refractory anemia with 
excess blasts in transformation (10.3%) and 
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    TABLE II (Contd.)   

 Patient Sex Age Symptoms Lymphadeno- Liver Spleen 
 No.  (yr)  pathy  (cm) (cm) 

23 F 0.3 Pallor  - 4 3 

24 M 2 Pallor, fever  - 6 10 
25 M 1.5 Pallor, fever,  - 5 2 
   cough     

26 M 2.5 Fever, epistaxis Generalized 3 5 
27 M 0.3 Loose motions  - 6 8 
28 M 2 Fever, abdominal Generalized 3 3 
   distension     

29 M 1 Fever. cough Cervical 5 1 
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    TABLE III - Hematological Features at Diagnosis   

 Pati- Hb WBC MCV ESR Mono- Blasts Plate- HbF Circu- RBC 
 ent (g) (x109/L) (FL)  cytes (%) lets (%) Lating # abn 
 No.     (%)  (x109/L)  NR(+/-) (+/- ) 

1 4.6 20.5   NR* 142 41 5 42     ND*** + - 
2 9.7 5.9 NR 30 15 4 45 ND + + 
3 6.3 12.4 NR 78 0 2 35 ND + - 
4 7.3 16.0 NR 133 2    1** 15 ND - + 
5 4.4 46.2 82 115 12 0 54 6.8 + + 
6 3.6 37.4 76 82 18 0 36 18.8 + + 
7 6.3 2.2 NR 152 6 0 70 ND + - 
8 3.1 10.4 80 27 51 0 210 ND - - 
9 8.9 48.1 64 45 30 0 32 1.2 + + 

10 8.4 2.6 NR 58 0 0 242 ND - - 
11 3.3 1.7 80 78 0 0 265 ND - + 

12 5.8 68.4 78 26 24 0 28 11.1 + + 

13 3.6 2.1 74 110 3 0 110 2.4 + + 

14 5.8 3.3 78 96 4 0 132 2.8 + + 

15 3.5 16.0 80 74 6 6 8 2.2 + + 

16 6.1 19.7 90 128 9    7** 10 ND + - 
17 5.4 13.2 92 98 12 0 18 ND + + 
18 4.6 13.5 78 140 16 0 28 ND + + 

19 5.8 7.4 86 117 13 0 208 0.7 + + 

20 3.3 3.2 115 54 6 0 8 ND + + 

21 7.0 14.6 99 44  23 0 244 ND + + 

22 7.2 9.1 81 22 3 0 132 3.0 + + 

23 3.2 11.3 95 67 5 0 90 1.1 + + 

24 5.0 23.3 94 41 2 0 54 0.8 + + 

25 3.5 13.5 78 42 8 0 215 ND + + 

26 4.1 3.6 90 43 9 0 115 1.1 + + 

27 9.7 65.4 81 18 11 2 12 17.8 + + 

28 5.4 33.9 80 82 29 0 88 1.4 + + 

29 3.2 8.2 96 78 10 0 24 1.7 + + 

 * NR = Not recorded; ** Auer rods seen;       

 *** ND = Not done; # +/− = present/absent.       
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TABLE IV-Marrow Morphology in Patients with MDS 
 

 Patient Cellu- Myeloid: Dys- Dys- Dys- Blasts Mono FAB Bourne 
 No. larity erythroid  eryth# granulo# mega (%) cytes diagnosis mounth 
   ratio   karyo#  (%)  score 
          (0-4) 

1 I D - + ++ 4 63 CMML 3 
2 D I - ++ + 19 0 RAEB 3 
3 N I Aplasia ++ ++ 0 0 RA 2 
4 N I Aplasia + + 0 I RA 2 
5 I I + + + 0 I CMML 3 
6 I I - .+ + 0 I CMML 3 

7 N D + - - 0 2 RA 2 
8 I D + + - 0 I CMML  
9 I I - + - 0 I CMML 3 

10 D D + + - 0 0 RA 3 

11 D D + + + 0 I RA 3 
12 I I + + - 0 I CMML 3 
13 I D + + - 2 0 RA 2 
14 I D + + - 1 1 RA 1 
15 I I + ++ ++ 22 4 RAEBT 3 
16 I I + ++ ++ 10 4 RAEBT 3 
17 I I + + + 21 12 RAEBT 3 
18 I I + + + 16 39 CMML 4 
19 I I + + - 0 0 RA 1 
20 D D + + + 2 12 RA 2 
21 N D + + - 5 5 RA 2 
22 N D + + + 1 2 RA 1 

23 N D + + - 0 1 RA 2 

24 D D + .+ + 0 11 RA 2 
25 N D + + - 0 0 RA 1 
26 D D + + + 0 0 RA 1 
27 I I - + + 0 0 CMML 3 

28 I P + + + 1 12 CMML 3 

29 N D + + + 0 1 CMML 2 

 # + = Mild; ++ = Moderate.       
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10 cases of chronic myelomonocytic leu-
kemia (34.5%). There were no cases of 
refractory anemia with ring sideroblasts. 
Cytogenetic analysis carried out in three 
patients proved to be normal with no chro-
mosomal aberrations. Cases 22 and 23 
underwent the assessment of hematopoietic 
progenitors (CFU-GM) in blood and bone 
marrow. Case 22 showed increased number 
of granulopoetic colonies primarily of mac-
rophage type with a clearly evident sponta-
neous growth of progenitors of all types. On 
evaluation of the Bournemouth score, 5 
patients scored 1, 10 patients scored 2, 13 
patients scored 3, and only one scored 4. It 
did not correlate with survival. More than 
half of the patients whose bone marrow his-
tology was examined showed moderate 
marrow fibrosis and abnormal localization 
of immature precursors. The lymph node 
histology in 3 cases revealed nonspecific 
changes. 

Treatment and Outcome 

The latency period from the first symp-
toms to the diagnosis of acute leukemia in 
Cases 1 to 8 and 12 ranged from 4-29 
months (median 7 months). Five patients 
evolved into acute myeloid and 4 to acute 
lymphatic leukemia. Three were classified 
as having AML-M2 and two each as AML-
M5, ALL-L1 and ALL-L2. All these nine pa-
tients have died from hemorrhage or infec-
tion during the cytopenic phase of acute 
myeloid or acute lymphatic leukemia thera-
py, respectively. Of the remaining 20 cases, 
7 are dead in the preleukemic phase, 11 are 
lost to follow up, and only two remain alive. 
In the refractory anemia group 5 patients 
have died with median survival of 4 months 
and 8 cases were lost to follow up. Case 2 
with refractory anemia with excess blasts 
transformed to acute leukemia after 14 
months. All the three patients with refrac- 
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tory anemia with excess blasts in transfor-
mation died 11 days, 4 months and 1 month 
after diagnosis, respectively. In the 10 cases 
with chronic myelomonocytic leukemia, 7 
are dead and 3 were lost to follow up. 
Twenty four cases received supportive ther-
apy alone involving blood products and an-
tibiotic therapy when needed. Case 1 
received one course of 3 days of daunomy-
cin (30 mg/m2/d) and 7 days of cytosine 
arabinoside (100 mg/m2/d). After an aplas-
tic phase, the marrow did show a partial 
response. In two patients (Cases 25 and 29), 
etoposide (100 mg/m2/d) for 5 days was 
tried with no success. Case 22 was adminis-
tered alfa-interferon 2b (1.5 million units 
subcutaneously/day) for 3 weeks with clini-
cal and hematological response, but the 
baby died from intercurrent gastroenteritis. 
Only one patients of refractory anemia and 
myelofibrosis (Case 17) has responded to a 
high dose methylprednisolone (20 mg/kg/d) 
course, but remains steroid dependent on 
follow up. 

Discussion 

Myelodysplasia is one of the "Cinderel-
la" subjects of Pediatric Hematology and 
Oncology(8). The myelodysplastic syn-
dromes are a heterogenous group of ac-
quired multipotent stem cell disorders 
characterized by ineffective and dysplastic 
hemopoiesis with peripheral blood cytope-
nia, seen often in elderly. The basic defect 
is a genetic alteration of a multipotent stem 
cell as shown by cytogenetic and G-6-PD 
isoenzyme studies and by molecular biology 
investigation on RAS oncogenes(9). Only a 
limited number of pediatric cases with pri-
mary myelodysplastic syndromes classified 
using FAB criteria have been reported. 
Many of these have been single case re-
ports with some literature reviews(10-15). 
Recently, a few series with large numbers of 
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cases have been published(5,16,23). The in-
cidence of myelodysplasia in a population 
based study was 3.4/1,000,000 in children 
below the age of 15. Myelodysplasia repre-
sented 8.7% of all malignant hematological 
disorders(23). A previous study from Phila-
delphia found that 17% of children with 
acute myeloid or 2.9% of all children with 
acute leukemia had a preleukemic presenta-
tion^). The incidence in this series is 
significantly higher with myelodysplasia 
constituting 16% of all hematological 
malignancies and 36.7% of acute myeloid, 
leukemias with a remarkable male prepon-
derance. 

On the basis of extracted information on 
144 cases of pediatric myelodysplasia re-
ported in the literature, 9% presented with 
refractory anemia, 48.6% with refractory 
anemia with excess blasts and refractory 
anemia with excess blasts in transformation, 
and 42.4% with chronic myelomonocytic 
leukemia(5). No cases of refractory anemia 
with ring sideroblasts were observed. In the 
present study, more patients compared to 
previous studies presented with refractory 
anemia (51%). The relatively higher num-
ber of refractory anemia with excess blasts 
and refractory anemia with excess blasts in 
transformation in previous larger studies is 
probably due to selection bias. 

The clinical presentation of these cases 
with fever, infection, anemia and hemorr-
hage is similar to adults. Patients often have 
a different constellation of findings at dif-
ferent times in the course of their disease, 
and not all progress to AML(l). The blood 
count and peripheral blood smear findings 
should alert the clinician. The hematologi-
cal changes of childhood preleukemia may 
simulate many other conditions including 
aplastic anemia, pure red cell aplasia, 
hemolysis, hypersplenism and viral infec- 
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tions(2). When the preleukemia in children 
is compared with the preleukemic condition 
in adults, there are both resemblences and 
differences. The peripheral cytopenias are 
similar, as are the highly nonspecific signs 
and symptoms. Childhood pre-AML type 
resembles adult preleukemia .(MDS) in 
many respects, both hematologically and 
morphologically. On the other hand child-
hood pre-acute lymphatic leukemia is a dif-
ferent entity. The pre-acute lymphatic leu-
kemia patients usually have hypoplastic 
marrow (e.g., Cases 1, 2 and 6). True hypo-
plasia of any of the three cell lines is more 
common in pre-acute lymphatic leukemia, 
whereas ineffective thrombopoiesis and 
normal or increased myelopoiesis are 
specific for pre-AML. Ineffective erythro-
poiesis occurs in both types(24). 

Cytogenetics are often abnormal. 
Karyotype changes unfold with time(25). 
Culture studies of the hematopoetic pro-
genitors may be useful in diagnosis and 
understanding the pathogenesis. Both hypo 
and hypergammaglobulinemia are frequent-
ly seen and abnormalities of B-cell, T-cell  
and NK-cell function have all been 
described in myelodysplasia, as observed in 
some of our patients. 

The outcome in childhood myelodyspla-
sia shows considerable varianee. Wegelius, 
in a review of 26 cases, observed the myelo-
dysplasia phase to be 1 year (range 1-42 
months) with a median survival of 15 
months (range 2-75 months)(10). In the 
German-Italian series of 21 children, the 
rate of progression to myelodysplasia was 1 
year (median time) and range of 1-21 
months; the median survival time was 20 
months (range 1-69 + months including 
those who received BMT)(17). Another 
group of 33 patients with childhood myelo-
dysplasia overall mean survival was 9.9 ± 
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5.9 months, irrespective of treatment(5), 
marginally more than 5.9 months observed 
in our group but clearly highlighting the 
aggressiveness of the pediatric disease. 

Treatment of myelodysplasia in children 
is not well defined. Standaru therapy is sup-
portive care. Neither corticosteroids, meth-
ylprednisolone, androgens, nor differentiat-
ing agents such as low dose cytarabine, low 
dose etoposide, retinoids, vitamin D, hemar-
ginate and interferon have shown consistent 
or durable responses(26). The most effec-
tive treatment so far has been bone marrow 
transplantation( 12). 

In conclusion, childhood myelodysplasia 
or preleukemic syndromes are worthy of  
more attention by pediatricians and hema-
tologists, since its prevalence seems to be 
very high from our data. Secondly there are 
stark differences with adult MDS in presen-
tation (e.g., pre-acute lymphatic Jeukemia 
group), survival and approach to treatment. 
Hence more data and better methods for 
diagnosis, classification and treatment for 
pediatric myelodysplasia are obviously 
needed. 
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