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Aplastic anaemia and the hypocellular
myelodysplastic syndrome: histomorphological,
diagnostic, and prognostic features
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SUMMARY In a retrospective study of 111 patients with aplastic anaemia iliac crest biopsies were
evaluated for the presence of morphological features statistically related to the evolution of the
disease. Prognostic variables for a transition to acute non-lymphatic leukaemia were: cellular
atypias of the three haemopoietic lineages, as observed in the myelodysplastic syndrome, and
especially "micromegakaryocytes"; high numbers or irregular distribution of megakaryocytes, or
both; and (slight) marrow fibrosis. Clinical variables-did not influence these prognostic correla-
tions. Prognosis in relation to death from bone marrow failure without leukaemia might well have
been influenced by a strong plasma cell reaction, but this correlation was weakened by clinical
factors. On the basis of this study aplastic anaemia can thus be subdivided morphologically into
two disease entities-namely, hypocellular myelodysplastic syndrome with a 23-82% risk of
acute non-lymphatic leukaemia developing within three years, depending on how many variables
associated with acute non-lymphatic leukaemia are present, and non-dysplastic myelohypoplasia.

The incidence of transition to acute non-lymphatic
leukaemia from aplastic anaemia has often been dis-
cussed.' -7 New light has been thrown on this con-
troversy by the recognition of a hypoceilular form of
the myelodysplastic syndrome8 -12 and, in particular,
by certain characteristic morphological abnor-
malities seen in the myelodysplastic syndrome that
have also been reported in patients with aplastic
anaemia.7 13 "' Aplastic anaemia is known to be
heterogeneous in terms of aetiology and
pathogenesis.'5-'7 It may well include, therefore,
entities with a different pathogenetic relation to
acute non-lymphatic leukaemia.
The myelodysplastic syndrome, which has a pro-

pensity to develop into acute non-lymphatic
leukaemia, has been shown to be a clonal stem cell
disorder.'8 20 Clonal analysis20 21 would therefore be
the method of choice to investigate this question.
The application of genetic methods, however, is
often hampered in aplastic anaemia by the lack of
haemopoietic cells.4 We therefore screened
routinely obtained iliac crest biopsies from patients
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with aplastic anaemia for histological features
associated with the development of acute non-
lymphatic leukaemia or death due to bone marrow
failure without leukaemia, or both.

Material and methods

SELECTION OF BIOPSIES
Iliac crest biopsies done at the Institute of Pathology
(Unversity of Cologne) between January 1968 and
July 1981 were reviewed for hypoceliular marrow.
Biopsies from patients with hepatosplenomegaly,
deficiencies, or metabolic or storage diseases and
patients who have undergone cytotoxic or radiation
treatment during the previous 24 months were
excluded, as were biopsies with metastases or blast
cell infiltration. Only biopsies with a minimum
length of 15 mm were evaluated. A total of 111
cases were found.

FOLLOW UP OF PATIENTS
Patients were followed up until October 1982. Fol-
low up included cytological or histological bone
marrow examination, or both. No further examin-

1218

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1218 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Morphological differentiation in aplasiic anaemia

ation of the bone marrow from the three patients
who died within one week was performed. By the
end of follow up 20 patients had developed acute
non-lymphatic leukaemia (within one to 45 months)
and 33 had died from bone marrow failure without
acute non-lymphatic leukaemia (within one day to
78 months). Thirty five patients were lost to follow
up-that is, after two to 26 months. For these
patients the day of the last bone marrow examin-
ation was taken as the day of loss. Twenty three
patients survived without developing acute non-
lymphatic leukaemia during follow up-that is, they
survived for periods ranging from 15 months to
more than 11 years. No patients died of an unrelated
illness.

DEFINITION OF OVERT LEUKAEMIA
According to the proposals.of the FAB cooperative
group, for a diagnosis of acute non-lymphatic
leukaemia more than 30% blasts are required in the
bone marrow smear. In three cases, in which the
bone marrow was controlled only by biopsy, large
confluent blast nests were taken as an indication of
"overt" leukaemia.

CLINICAL DATA
At the time of the biopsy 79 patients had pan-
cytopenia, five had anaemia or neutropenia, nine
had anaemia or thrombopenia, eight had throm-
bopenia or leukopenia, and 10 had isolated
anaemia. Six patients had only a few peripheral
blasts (1-4%). Fifty five patients had a history of
exposure to drugs or industrial chemicals. These
were chloramphenicol (one); benzol (two); gold
(one); phenylbutazone (five); multiple analgesics
(29); tranquillisers (three); sulphonamide deriva-
tives (seven); cytotoxic treatment 13 and two and a
half years previously (two); multiple industrial sol-
vents (two); and alcohol (three). Four children had
Fanconi's anaemia. Viral factors were implicated in
eight cases, immunological factors in three, and
hormonal factors in one. Aetiological factors were
not found in 35 patients, and information was not
available in five cases.

PROCESSING OF BIOPSIES
Biopsies were fixed and decalcified as previously
described.22 After conventional paraffin embedding,
dewaxed sections 3 ,um thick were routinely stained
as follows: Giemsa; periodic acid Schiff, Perl' s
reaction for iron; Gomori' s silver impregnation; and
naphthol-AS-D-chloracetate esterase reaction.

EVALUATION OF QUANTITATIVE
MORPHOLOGICAL FEATURES
Marrow cellularity was determined at a
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magnification of 250 using the point-hit method
(800 points) with a Zeiss integration plate II. The
measured values, with relative volumes expressed as
percentages, were adjusted for age.23 Included in the
study were biopsies with a marrow volume below
the normal range23 and three biopsies within the
lower normal range that showed pronounced lym-
phocytic infiltration. Megakaryocytes and tissue
mast cells were counted at a magnification of 400
with a 10 x 10 mm grid ocular.

STATISTICAL METHOD
Recently, the actuarial survival time method has
been used in combination with multiple retrospec-
tive stratification24 as a refined method of isolating
prognostic variables in the myelodysplastic syn-
drome that are related to death.25 This method was
used in an almost identical manner in our study. The
variables were analysed, however, for their relation
to two more specific prognostic "events": transition
to acute non-lymphatic leukaemia and death due to
bone marrow failure without leukaemia. The vari-
ables were subdivided into classes of values. For
each class the statistically expected number (E) for
the occurrence of a certain "event" was compared
with the observed number (0) of these events by
means of the log rank test.24 Variables apparently
correlated with prognosis (as defined above) were
tested by retrospective stratification to see whether
the prognostic correlation was independent or due
to an association with one or more, and possibly
more important, prognostic factor(s). For this pur-
pose the initial screening for prognostic factors had
to be extended to clinical variables.

Results

In some cases conspicuous qualitative changes and a
distinctly irregular distribution of haemopoietic cells
were noticed. Most striking were the megakaryoctye
abnormalities. Small cell forms with asynchrony of
maturation between nucleus and cytoplasm, so
called "micromegakaryocytes," were typical (Figs.
1, 2a). The nuclei were often rounded or bilobulated
(Figs. la, b) but sometimes had developed bizarre
hypersegmentation and irregular condensation of
chromatin (Figs. le-g). Additional features were
nuclear budding and fragmentation (Figs. lc, e-g),
as well as atypical mitoses. The maturation of the
cytoplasm had sometimes been delayed. Mature
eosinophil granulated foci within an otherwise
immature basophilic cytoplasm and clumping of
granules were very characteristic (Figs. ld, f; 2a). In
most cases megakaryocytic abnormalities were
associated with increased numbers of megakaryo-
cytes and an irregular distribution in small clusters
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Fig. 1 Features ofdysmegakaryopoiesis in biopsy (Giemsa, periodic acid Schiff) x 1000.
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Fig. 2 Hypocellular marrow with (a) increased numbers
and clustering ofatypical megakaryocytes (Giensa) x 375
and (b) focal reticulin fibrosis (Gomori) x 250.

(Fig. 2a). Sometimes, however, the megakaryocytes
were abnormal but reduced in number, or essen-
tially normal megakaryocytes showed focal cluster-
ing.

In virtually all cases granulopoiesis and ery-
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thropoiesis exhibited a certain degree of maturation
arrest. Severely arrested maturation and more

specific features indicating dysmyelopoiesis of these
cell lines, such as megaloblastosis, sideroblastosis,
and Pelger like cells, were rare. Dyserythropoiesis
and dysgranulopoiesis were histologically visible
only if very severe but were cytologically visible in a

much larger proportion of cases. They were usually
found in combination with dysmegakaryopoiesis.
Dysmegakaryopoiesis was often associated with

argyrophilic marrow fibrosis. Usually there was only
a subtle increase in reticulin fibres and their distribu-
tion was patchy. Few patients had moderately
patchy or distinctly diffuse fibrosis (Fig. 2b). Col-
lagen fibrosis was not present. There were also cases

of marrow fibrosis with no sign of dysmyelopoiesis.
Other differences between the biopsies were the

so called "inflammatory" changes. These consisted
of lymphocytic, plasmocytic, and mast cell infiltra-
tion, as well as marrow oedema and haemorrhage in
varying combinations, and seemed to be indepen-
dent of the dysmyelopoietic changes.
Of the described morphological features, dys-

myelopoiesis of all three cell lines, irregular distribu-
tion and high numbers of megakaryocytes, as well as

marrow fibrosis were all of prognostic value for the
development of acute non-lymphatic leukaemia but
not for death due to bone marrow failure (Tables 1
and 2). The prognostic power of these features was

not weakened by clinical factors, none of which
correlated with transition to acute non-lymphatic
leukaemia. Dysmegakaryopoiesis showed the
strongest correlation with the development of acute
non-lymphatic leukaemia. Fourteen of 21 patients
with megakaryocytic atypias developed acute non-

lymphatic leukaemia as opposed to six of 90 without
this feature (Fig. 3). When the number of prognostic
variables associated with the development of acute
non-lymphatic leukaemia was taken into considera-
tion, irrespective of their nature, the prognosis

Table 1 Quantitative variables studied for their prognostic significance in relation to death due to bone marrow failure
without leukaemia (a) and development ofacute non-lymphatic leukaemia (b).

Variables No of Range of Median Log rank test
patients values

(a) (b)

Morphological:
Haemopoietic marrow (vol %) 111 0-50 293 NS NS
Megakaryocytes/mm2 111 0-202 12 NS p < 0-025
Tissue mast cells/mm2 111 0-205 53 NS NS

ClUnical:
Age (years) 111 6-86 56 NS NS
Haemoglobin(g/l) 110 38-171 93 p< 0-01 NS
Red ceis x10x2/1) 98 1-1-5-6 2-5 p < 0-005 NS
Neutrophils (x 101/1) 108 0-79 1-1 p< 0-025 NS
Platelets (x 101/1) 103 1-368 48 S NS
Circulating blasts (x 109/l) 111 0-05 0 NS NS
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Table 2 Qualitative variables studied for their prognostic significance in relation to death due to bone marrow failure
without leukaemia (a) and development ofacute non-lymphatic leukaemia (b).

Variables No of Distribution ofpatients Log rank test
patients

(a) (b)
Morpholgical:
Lymphocytic infiltration 111 - 53; + 55; ++ 3 NS NS
Plasma cell reaction 111 normal 35; T 44; TT 32 p < 0-001 NS
Marrow oedema or haemorrhage 111 - 74; + 37 NS NS
Fibrosis 111 - 68; + 43 NS p < 0-005
Siderin in reticulum cells 111 normal 20; T 31; TT 60 NS NS
Irregular distribution of.

Erythropoiesis 111 - 71; + 40 NS NS
Granulopoiesis 111 - 103; + 8 NS NS
Megakaryopoiesis 111 - 87; + 24 NS p < 0-05

Celular atypias of.
Erythropoiesis 111 - 99; + 12 NS p < 0-01
Granulopoiesis 111 - 103; + 8 NS p < 00005
Megakaryopoiesis 111 - 90; + 21 NS p < 0-0001

Clnincal
Sex 111 d 45; 9 66 NS NS
Aetiology 106 Exogenous 55; Idiopathic 35; NS NS

Others 16
Treatment 111 Symptomatic 33; steroids 72;

steroids and cytotoxic or
immunosuppressive drugs 6 NS NS

Severe bleeding at time of biopsy 108 - 96; + 12 p < 0-0005 NS
Severe infection at time of biopsy 108 - 90; + 18 p < 0-0001 NS

worsened as the number of prognostic variables
increased (Fig. 4). Fifteen of 19 patients, however,
with three or more prognostic variables showed
evidence of dysmegakaryopoiesis, because dys-
megakaryopoiesis was correlated with all the other
prognostic variables.
The risk of developing acute non-lymphatic

leukaemia within three years after diagnosis was 9%
for patients without any prognostic features, 23%
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for patients with one or two, and 82% for patients
with three or more. The overall risk of developing
acute non-lymphatic leukaemia within three years
for patients with at least one of the prognostic vari-
ables was 45%. For the same groups of patients the
risk of dying within three years as a result of bone
marrow failure without acute non-lymphatic
leukaemia varied between 38% and 45%.
A severe plasma cell reaction was the only mor-
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Fig. 3 Actuarial curves showing risk ofaplastic anaemia
developing into acute non-lymphatic leukaemia for patients
with ( ) and without ( . . .) megakaryocytic atypias
in iliac crest biopsy. Difference is highly significant (X2 =
19*43; df = 1; p < 0.0001). 0 = observed number, E =

statistically expected number ofcases ofacute
non-lymphatic leukaemia. Number ofpatents with no
transition to acute non-lymphatic leukaemia and stil under
observation one, two, and four years after diagnosis is
indicated on curves.
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Fig. 4 Actuarial curves showing risk ofaplastic anaemia
developing into acute non-lymphatic leukaemia for patients
with no (- ), with one or two (. . .), and with three
or more ( ) ofthe morphological features correlated
with development ofacute non-lymphatic leukaemia.
Difference is highly significant (2 = 25 11; df = 2; p <
0.0001). 0 = observed number, E = statistically expected
number ofcases ofacute non-lymphatic leukaemia.
Number ofpatients with no transition to acute
non-lymphatic leukaemia and stiUl under observation one,
two, and four years after diagnosis is indicated on curves.
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phological feature associated with death due to bone
marrow failure (Tables 1 and 2), whereas several
clinical variables correlated. With this severe bleed-
ing and severe infection at the time of biopsy were
most strongly related to this prognostic event. After
retrospective stratification for these two factors the
correlation of a severe plasma cell reaction with
death due to bone marrow failure became less
significant.

Discussion

The morphological evaluation of bone marrow biop-
sies allowed a distinction to be made in aplastic
anaemia between two haemopoietic disorders that
differ in their propensity to develop into acute non-
lymphatic leukaemia but show an equally high risk
of death due to bone marrow failure. Dys-
myelopoiesis of all three cell lines, irregular distribu-
tion and high numbers of megakaryocytes, and mar-
row fibrosis all indicated an increased risk of a trans-
ition to acute non-lymphatic leukaemia. The cellular
atypias shown here have been described as typical
for the myelodysplastic syndrome with normocellu-
lar to hyperplastic marrow.'8 '9 In a certain propor-
tion of cases of aplastic anaemia with features
associated with leukaemia hypercellular myelodysp-
lastic syndrome develops before the transition to
acute non-lymphatic leukaemia.826 It seems reason-
able, therefore, to classify this group of cases as
hypocellular myelodysplastic syndrome and to dis-
tinguish them from aplastic anaemia with non-
dysplastic myelohypoplasia. The risk of developing
acute non-lymphatic leukaemia within three years
after diagnosis is then 45% for patients with
hypocellular myelodysplastic syndrome-that is,
within the range found so far for the different forms
of the myelodysplastic syndrome'9 20 25-and as low
as 9% for patients with the non-dysplastic form of
aplastic anaemia.

Until now no attempt has been made to isolate
prognostic factors for the transition from aplastic
anaemia to acute non-lymphatic leukaemia, but cir-
cumstantial evidence supports a prognostic role for
marrow fibrosis, dyserythropoiesis, high numbers of
megakaryocytes, and severe lymphocytic infiltra-
tion.57 '3 In our study, however, the highest prognos-
tic value was found for megakaryocytic atypias. In
contrast to the hypercellular forms of the myelodys-
plastic syndrome, dysgranulopoiesis and dysery-
thropoiesis were of lesser value. This was at least
partly due to the fact that in myelohypoplasia they
seldom reach the same intensity. Although often
seen cytologically,'4 they are detected histologically
in only a few cases. The suspected prognostic value
of the degree of lymphocytic infiltration7 could no
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longer be found in our material after exclusion of
cases with small blast cell nests.9
The correlation between plasma cell reaction and

death due to bone marrow failure that we found in
our investigation adds to the conflicting results
documented previously.5 142728 Retrospective
stratification suggests that the differences may partly
be due to differences in the composition of the
patient groups.

We thank all those colleagues who contributed
single cases to the study.
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