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Classification and Morphologic Features of the
Myelodysplastic Syndromes

Jean E. Goasguen and John M. Bennett

ATIENTS WITH variable degrees of unex-
plained cytopenia(s), usually associated
with a hypercellular marrow, have been classi-
fied as primary acquired myelodysplastic syn-
dromes (MDS). In the past MDS enjoyed a
diverse terminology, including “preleukemic
acute leukemia,”” “smoldering acute feukemia,’”
“refractory anemia,” “refractory anemia with
excess of myeloblasts,” “smoldering myeloid
leukemic states,”” and ‘“dyshematopoiesis.”®
Those who use the term “preleukemic” do so
primarily in a restrictive sense, because theoret-
ically all patients so described have acute leuke-
mia and can be traced historically to have a
chronic evolving bone marrow disorder that
terminates in “overt” acute myeloid leukemia
(AML). We now know that approximately 15%
to 20% of MDS evolve to AML. The majority of
these patients are older than age 50 years and
have evidence of morphologic abnormalities of
the myeloid lineage similar to those observed in
AML, but with less than 30% blasts in the
marrow aspirate. The French-American-British
(FAB) Cooperative Group attempted to charac-
terize these entities into five subgroups, based
on the recognition of dysmorphic features com-
mon to all groups, and other criteria distinguish-
ing them. Since this description’ in 1976, revised
in 1982 and in 1985,° several cases of MDS in
young patients as well as in children have been
reported and will also be discussed.

Dacie et al,” based on the apparent double
red cell population observed on peripheral
blood smears of refractory sideroblastic anemia
(RAS) patients, were the first to suspect the
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clonality of the MDS. This hypothesis was
verified by studying the glucose-6-phosphate-
dehydrogenase (G6PD) enzyme system in pa-
tients with MDS. Furthermore, cytogeneticstud-
ies showed involvement of multipotent stem
cells in MDS patients.” Using restriction frag-
ment length polymorphisms of the X chromo-
some genes hypoxanthine phosphoribosyl trans-
ferase and phosphoglycerate kinase, Janssen
and associates” demonstrated that MDS arise
from a multipotent hematopoietic stem cell with
the potential for both myeloid and lymphoid
differentiation. This finding may explain the
coexistence of lymphoid or plasmacytic neo-
plasms with MDS reported in the literature.
Because a multipotent stem cell is involved in
MDS, abnormalities of all lineages may occur.
The diagnosis of MDS is based on dyspoiesis of
trilineage cells in the bone marrow.

DYSERYTHROPOIESIS

Qualitative dyserythropoiesis (Figs 1 and 2)
may include ringed sideroblasts, multinuclear
fragments, bizarre nuclear shapes, internuclear
bridging, mitosis, abnormal dense chromatin or
fine chromatin with asynchronous cytoplasm,
and abnormal cytoplasmic features (intense
basophilia, Howell-Jolly bodies, ghosted cyto-
plasm). Anisocytosis, poikilocytosis, nucleated
red blood cells, and acanthocytes may be seen
on examination of the peripheral blood smear.'*

It has been recognized for years that there
are several types of iron granules in the cyto-
plasm of erythroid precursors.”*"* These ferritin
aggregates are seen in normal marrows in a
variable percentage of normoblasts (usually less
than 50%) and rarely exceed 4 granules/cell.
The occurrence of 5 or more granules is consid-
ered pathologic (Fig 3) and when these granules
comprise more than one third of the nuclear
rim, the term “ringed” sideroblast has been
used.”"* Ringed or abnormal sideroblasts can
be found in a variety of hematologic conditions
aswell as in MDS. The disruption of mitochon-
dria and observed changes in heme synthesis
are the result of ineffective erythropoiesis, pre-
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mature erythroid destruction, and refractory
anemia.

Quantitative changes may include the pres-
ence of an increased percentage of ringed
sideroblasts (usually > 15% of all erythroid
nucleated cells) and erythroid precursors com-
prising between 5% and 50% of bone marrow
cells. If erythroid precursors account for greater
than 50% of bone marrow cells and there are
more than 30% blasts, then the diagnosis is
erythroleukemia.

In the FAB proposals,” refractory anemia
(RA) was differentiated from refractory anemia
with ringed sideroblasts (RARS) by the pres-
ence of more than “15% ringed sideroblasts of
all nucleated cells in the marrow.” Subsequent
to this publication considerable confusion arose.
Galton' stated that the “main criterion was
15% of bone marrow erythroblasts.” But as
noted by Juneja et al,”” the majority of cases of
RARS had greater than 20% ringed sidero-
blasts (median, 40%). In the Cazzola” series all
patients had ring sideroblasts greater than 15%
of untreated red cells. With appropriate nuclear
counter stains for erythroid precursors, it seems
reasonable that 15%ringed sideroblasts of eryth-
roid cells might be the lower limit to include
such patients as RARS.

DYSGRANULOPOIESIS

Abnormalities of granulocytes are common in
MDS and are present in both the peripheral
blood and bone marrow. The most common
abnormalities are hypogranulation (Fig 4) that
may be associated with a negative peroxidase
reaction, and hyposegmentation of the polymor-
phonuclear leukocytes with chromatin conden-
sation (Pelger-Huet like anomaly) (Fig 1). In
some cases granules may be absent and the
polys are referred to as agranular. A classifica-
tion of this abnormality has been proposed by
Hast et al*® for evaluation of dysgranulopoiesis
in MDS. The defect in granulation may be seen
only in myelocytes early in the course of disease.
Occasionally, the chromatin appears clumped
where blocks of chromatin are separated by a
clear space, leading to an appearance of nuclear
fragmentation associated with a loss of segmen-
tation. Such clumped chromatin pattern has
been associated with MDS and myeloprolifera-
tive disorders.”*

In 1984, Langenhuijsen™ described the pres-
ence of granulocytes with a nuclear hole (ring-
shaped nuclei) in patients with myeloprolifera-
tive and myelodysplastic diseases. Van der
Weide et al** observed ringed granulocytic nu-
clei in 32% of MDS cases. These cells probably
represent a transitional stage to the band form
(acquired Pelger-Huet formation) and are con-
sidered a sign of abnormal maturation.

In addition, so-called nuclear “sticks” can be
noted, particularly in cases of secondary MDS
or therapy related MDS. In the bone marrow
persistent cytoplasmic basophilia of the rim of
the cell may be evident as well as abundant
azurophil granulesor larger granules than usual.
Moreover, the function of neutrophils may be
affectedin MDS patients. Phagocytic adhesion,
chemotaxis, and microbicidal capacities may be
impaired, but no correlation has been found
between the presence and degree of hypogranu-
lation and neutrophil function.”?*

DYSMEGAKARYOCYTOPOIESIS

Common abnormalities of megakaryocytes
include micromegakaryocytes (Fig 5), multiple
small nuclei separated by strands of nuclear
material, and large mononuclear cells with dys-
morphic nuclear features. To enhance the abil-
ity to recognize micromegakaryocytesthe use of
the CD41 monoclonal and antifactor VIII anti-
body*” may be helpful. The 5g- syndrome is
frequently associated with an abnormality of
megakaryocytes, which are usually small, with a
single eccentric round nucleus. Dysmorphic fea-
tures have been reported and classified by
Jinnai et al*® for the evaluation of dysmegakary-
ocytic features in MDS-associated AML. In
addition, a recent study by Wong and Chan®
recognized hypogranular megakaryocytes in 80%
of MDS.

DYSMONOCYTOPOIESIS

Mature monocytes and their precursors can
be identified in the bone marrow and peripheral
blood film by use of esterase stains (usually the
double esterase technique). This technique al-
lows for an evaluation of the monocyte clonal
proliferation and an estimate of the threshold of
the monocyte population. It also permits one to
recognize dysmorphic monocytic features (Fig
6) which may be observed in the more mature



Fig 1. Anisocytosis and hypochromic red cells; agranular
neutrophils with condensations of nuclear chromatin {pseudo-
Pelger-Huet cells); giant platelets. Peripheral blood. May-
Grunwald-Giemsa {MGG) stain.
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Fig 3. Many abnormal sideroblasts with multiple granules
(ringed forms) in both immature and mature erythroblasts.
Bone marrow, Prussianblue reaction.

cells but are frequently overlooked in the imma-
ture precursors. The monocytic population can
also be demonstrated by monoclonal antibodies
CD13and CD14.

THE CYTO-IMMUNOLOGICAL DIAGNOSIS OF
MDS

The diagnosis of MDS may be enhanced by
the application of certain cytochemical and
immunocytochemical techniques. The peroxi-
dase or Sudan Black B reaction may confirm the
myeloid origin of blast cells; nonspecific ester-
ase or a double esterase reaction can identify
early monocytic precursors and differentiate
these cells from poorly granulated myelocytes.
Double esterase stains’ can also distinguish a
population of early myeloid/monocytic cells (by
the presence of both granulocytic and monocyte
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Fig2. Dyserythropoiesiswith nuclear budding and internu-
clear bridging. Bone marrow, Wright-Giemsa stain.

Fig 4. Hypo- and agranular myelocytes, metamyelocytes
and neutrophils. FAB type: Refractory anemia (RA}. Bone
marrow, MGG stain.

esterase) in marrows. Similar stained cells have
been described in FAB M4 (acute myelomono-
cytic leukemia).

Immune marker analysis for myeloid and
lymphoid cells may provide insight into lineage
association of acute leukemias and has been
described in previous publications.™* In
megakaryocytic dysplasia the abnormally small
megakaryoblasts (“dwarf cells”) may resemble
lymphoid precursors (“L2” blasts). These cells
can be recognized with immunocytochemistry
on air dried smears with a CD41 antibody
revealed by alkaline phosphatase anti alkaline
phosphatase (APAAP) technique.” Lymphoid
blasts can be confirmed by a CD34 monoclonal
antibody or by CD19 and CD10 antibodies.”
Erythroid precursors may be diagnosed by a
glycophorin A antibody and immature mycloid
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Fig 5. Mononuclear dysplastic megakaryocyte (“dwarf
form“), hypogranular myelocytes, promyelocytes and baso-
philic erythroblast. Bone marrow, MGG stain.

Fig 7. Type I, type Il blasts (afew granules, less than 20)
and blast with at least 20 granules (“typelll”). Note absence of
golgi zone. Bone marrow, MGG stain.

progenitors may be quantified by using a CD13,
CD14, and CD33 monoclonal antibody panel.™**
Because expression of CD13 and CD33 anti-
gens on immature myeloid cells may be variable,
some authors™ recommend using a mature/
immature myeloid ratio. Guyotat et al* used a
CD34 antibody that was only positive in refrac-
tory anemia with excess blasts cases and was
significantly associated with progression to leu-
kemia and short survival. Moreover, the signifi-
cance of CD34 positive cells in AML has re-
cently been reported in 96 adult patients,
demonstrating a lower complete remission rate
after intensive cytoreductive therapy (59% v
87%).* The goal of such investigations has been
to classify the lineage of blast cells, because the
prognosis of such patients has been shown to
correlate with the number of CD34 positive
cells.

Fig6. Hypogranular neutrophils, severalblasts, dyserythro-
poiesis and monocytes. Bone marrow, MGG stain.

Fig8. Hypercellular bone marrow with numerous dysplas-
tic mononuclear and hyperlobated megakaryocytes, contain-
ing pale cytoplasm. Note: so-called "mummified cell.” Hema-
toxylin and eosin stain.

BLAST CELL CHARACTERISTICS IN MDS

The FAB classification of MDS established
criteria for the definition of blast cells.” Type |
blasts are defined by the absence of azurophil
granules; type II blasts have identical features
but contain “a few primary (azurophil) granules”
(Fig 7). The FAB group did not define the
upper limit of how many granules could be
present. Potentially, this could result in ambigu-
ity in distinguishing myeloblasts from promyelo-
cytes and might explain the variability in the
MDS subclasses reported in the literature.

The percentage of blasts in the bone marrow
is the single most important prognostic factor in
MDS, both in terms of overall survival aswell as
leukemic transformation. The FAB classifica-
tion recognizes three groups of patients in terms



of percentage of blasts: cases with less than 5%
blasts, cases with 5% to 20% blasts. and patients
with 21% to 30% blasts. However, a study by
Sanz et al’’” demonstrated a survival difference
between patients having 5% to 10% blasts from
those with 11% to 20% blasts. Moreover, it may
be difficult differentiating promyelocytes and
hypogranular myelocytes. In view of this, we
recently introduced™ another blast cell termed
"blast type I11,” for myeloblasts with more than
20 azurophilic granules in the cytoplasm and
not displaying a golgi zone (Fig 7). In a series of
18patients with MDS,* we examined the preva-
lence of hypergranular myeloblasts (type III)
and detailed the concordance of observers as
well as the impact of counting these cells among
agranular blasts (type I) and granular blasts
(type I1) on survival and leukemic progression.
Our data suggest that these newly identified
blast cells (type I11) may be helpful in identify-
ing a subset of patients with a poor prognosis.

BONE MARROW HISTOLOGY

A bone marrow biopsy is strongly recom-
mended in the evaluation of MDS and provides
an excellent appreciation of the cellularity (Fig
8). For example, in cases of hypocellularity
associated with pancytopenia, patients with
MDS might be confused with aplastic anemia,
even if features of mild dysmyelopoiesis are
observed. The following criteria may be useful
in diagnosing hypocellular MDS*: abnormal
localization of immature precursors (ALIP)
located centrally in the medullary tissue instead
of lining the endosteal surface; an increase of
immature myeloid precursors; an island of eryth-
roblastic precursors; and micromegakaryocytes
and megakaryoblasts. which may be identified
by the CD41 or factor VIII monoclonal anti-
body.

Myelofibrosis may be present in therapy-
related MDS but is not a common feature of
primary MDS.“* Primary MDS may be associ-
ated with increased megakaryopoiesis, absence
of organomegaly, and comparatively long pa-
tient survival. Such characteristics distinguish
these cases from those previously described as
acute myelodysplasia with myelofibrosis and
malignant myelosclerosis."*

GOASGUEN AND BENNETT

CLASSIFICATION OF THE MYELODYSPLASTIC
SYNDROMES

Refractor),Anemia

Characteristically, patients with RA have ane-
mia, which is the hallmark of disease. The
anemia is refractory with an absolute low reticu-
locyte count. may vary from mild to severe, and
is not related to age. Granulocytopenia and/or
thrombocytopenia may be minimal or absent.
The bone marrow usually shows erythroid hyper-
plasia and dysmegakaryocytopoiesis may be ab-
sent. Agranular or hypogranular neutrophils
may or may not be observed in the peripheral
blood. Blast cells are usually not present in the
peripheral smear (or very rarely, less than 1%)
and by definition, are less than 5% in the bone
marrow. Ringed sideroblasts are infrequent and
are always less than 15% of erythroid marrow
cells. RA accounts for approximately 17% of
cases of MDS.

Refractory Anemia With Ringed Sideroblasts or
Acquired Idiopathic Sideroblastic Anemia

There are similar features to RA except that
there are greater than 15% ringed sideroblasts
in the bone marrow. The blood cell volume is
frequently greater than 100 fL and the bone
marrow may reveal punctuated erythrocytes
and erythroid precursors with an empty and
lamellar cytoplasm. The marrow blast cells are
always less than 5%. When ringed sideroblasts
greater than 15% are associated with an excess
of blasts (more than 5%), the syndrome is
classified as refractory anemia with excess of
blasts (RAEB) accordingto the FAB definition.
In RAS (without blasts) leukemic evolution is
rare, because the sideroblastic cell clone is
relatively stable. When the disease progresses,
the pathological cell clone increases in number
and proportion, and ringed sideroblasts may
represent as many as 80% of erythroid cells.

In a study of 94 patients with RARS, Gatter-
mann et al** described sideroblastic anemia with
abnormalities confined to dyserythropoiesis. and
RARS with additional dysplastic features of
granulopoiesis andior megakaryopoiesis. This
study showed a striking difference in the risk of
leukemic transformation between the two popu-
lations (5-year cumulative rate 1.99% v 487¢) and
overall survival (5-year survival 69% v 19¢¢).
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These results emphasize the differences be-
tween pure sideroblastic anemia and sideroblas-
tic anemia associated with other dysplastic lin-
eage features.

Lastly, one case of RARS evolving to chronic
myelomonocytic leukemia (CMML) associated
with inv(12) has recently been published"" but
the presence of dysgranulopoiesiswas not noted.

Refractory Anemia With Excess of Blasts

RAEB is associated with conspicuouschanges
in granulocytes, which are hypo- or agranular,
sometimeswith abnormal chromatin or segmen-
tation. Thrombocytopenia is common, but is
usually mild. Occasional blasts may be present
in the peripheral blood but are always less than
5%. The bone marrow is usually hypercellular
with 5% to 20% blasts (type | and type II). In
some cases type I1I blasts have been described®
and may portend a worse prognosis. If included
with type | and type II blasts they permit a
change in the diagnosis in some cases. RAEB
progresses more frequently to AML than RA
and RARS. Moreover, the presence of abnor-
mally localized immature myeloid precursors in
the trephine biopsy has been described by
Tricot et al** as an adverse prognostic factor.

Refractory Anemia WithExcess of Blasts in
Transformation

RAEB in transformation (RAEB-t) includes
cases with the same dysmorphic features as
RAEB but the percentage of blast cells is
greater than 5% in the peripheral blood and/or
is 21% to 30% in the bone marrow. When the
percent of marrow blasts approaches 30% it
may be difficult to differentiate RAEB-t from
AML. In such cases, type III blasts should be
considered, because their identification may
change the diagnosis to AML.™

Weisdorf and coworkers* described five pa-
tients with the features of RAEB but with
occasional Auer rods. The median survival was
14months (range. 2 to 27 months) which did not

differ significantly from RAEB as described by
others. To recognize this entity the FAB group
has included RAEB (5% to 20% of blasts) with
Auer rods in the RAEB-t group. In younger
patients (<45 years) it is likely that this variant
would rapidly evolve to overt AML.

As depicted in Tables 1 and 2 the median
survival and leukemic transformation rate of
MDS subclasses may vary. Differences evident
among these results may be secondary to the
identification of types of blasts and the number
of patients.

However, three findings appear relevant: (1)
survival is correlated with the presence of type |
blasts in the marrow, as demonstrated by Sanz
et al’’; (2) the addition of type III blasts por-
tends a worse prognosis®™; and (3) the overall
leukemic transformation rate for MDS is approx-
imately 20%." In patients with RAEB-t, the
percent of leukemic transformation may varv
from approximately 50% to 100%, however.

In the initial FAB proposals for MDS it was
felt that the presence of 5% or more blasts in
the peripheral blood film and a bone marrow
that fulfilled criteria for MDS (less than 30%
blasts) would warrant a diagnosis of RAEB-t.
However. the observation that some patients
presenting with greater than 30% of peripheral
blood blasts and less than 30% marrow blasts
evolved to AML within 2 months"® suggests that
an upper threshold of 20% to 30% marrow
blasts would be reasonable to maintain for
RAEB-t.

Chronic Myelomonocytic Leukemia

There continues to be controversy over the
definition of CMML and the inclusion of this
category among the MDS. As noted by Galton'
some patients with chronic myelogenous leuke-
mia (CML) may have monocytosis greater than
1 x 10°/L. In contrast to classical CMML.
however. such cases appear to have more imma-
ture granulocytes and less dysplasia.

For the majority of cases of CMML the

Table 1. Median Survival (months)of Patients with MDS

Overall Number of
Author RARS RA RAEB RAEB-t CMML Median Survival Patients
Varella et al*® 53 38 13 3 17 26 56
Goasguen et al”’ 45 32 19 11 15 19 503
Third MIC* 51 50 11 5 11 31 1081
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Table2. Percent LeukemicTransformation of MDS

Overall Transformation

Author RARS RA RAEB RAEB-t CMML Acute Leukemia
Varella et al*® 12 15 41 75 33 28
Goasguen et al¥ 3 8 20 53 23 17
Third MiC* 8 12 a4 60 14 23

peripheral blood and bone marrow fulfill the
criteria for MDS (variable degrees of trilineage
dysplasia) and show the classical chromosomal
abnormalities. Monocytes and precursors can
be identified in the bone marrow by use of
esterase stains (usually a double esterase tech-
nique). Although the minimal monocyte count
for CMML was established at 1 x 10°/L some
authors have accepted a diagnosis at a lower
threshold .

The continued inclusion of CMML in the
subtypes of MDS should be based on a unique
outcome (either responsiveness, survival, or
leukemicprogression) similarto those of RAEB.
However, a review of 175 patients with CMML
showed a survival range of 11to 60+ months.”
Stornolio et al*® demonstrated a major role for
blast percentage on survival but not for progres-
sion to AML. Fenaus et al’® confirmed these
observations, whereas Worsley et al® empha-
sized the biologic significanceof elevated leuko-
cytes and/or monocytes.

In Storniolo’sseries™ patients with more than
0.6 x 10°/L monocytes and less than 5% mar-
row blasts had a median survival of 52.5 months,
whereas those with 5% to 20% blasts had a
median survival of 155 months (similar to
RAEB). In aseries of 107CMML cases, Fenaux
et al** also noted that patients with an excess of
blasts had a short survival, similar to Storniolo’s
observations.Worsley et al** observed that mono-
cytosis greater than 2.6 x 10°/L correlated with
a poor survival (11 months). The “modified
Bournemouth” score was used* and patients
with high monocyte and neutrophil counts and a
high “modified” score had a clinical course
resembling that of RAEB.

The presence of unexplained monocytosis,
the absence of the Philadelphia chromosome
(Ph) or ber-abl fusion gene product in a patient
with cytopenia(s) should alert one to consider a
diagnosis of CMML.* However, there will still
be a minority of patients who do not have the
Ph* chromosome but demonstrate an abnormal

ber-abl gene. Laboratory and clinical features of
these patients closely resemble Ph+ CML. Pre-
liminary results from one study” suggest a
similar response to interferon alfa. Galton” has
classified these disorders on morphologic
grounds as Ph+CGL, Ph-CGL, and CMML.

Finally, there remains a minority of patients
with elevated leukocyte counts but lacking the
Ph* chromosome and bcr-abl fusion gene. Both
Galton and Bennett (unpublished observations)
propose that the term atypical CML be reserved
for those cases that would have been classified
as MDS (usually RAEB). The major distinction
is a significant leukocytosis (above 15 x 10°/L)
with granulocytic dysplasia.

AML WITH TRILINEAGE DYSPLASIA

Because MDS may progress to overt AML in
15%to 20% of cases, it has been suggested that
many so called “de novo” AML could represent
progression from MDS not previously recog-
nized. The adverse clinical significance of mor-
phologically dysplastic leukemic cells as de-
scribed in MDS occurring in primary AML has
recently been reported by several investiga-
tion~.14n -one series 15% of AML cases
demonstrated trilineage myelodysplastic fea-
tures (TMDS) and the remission rate was in-
ferior to AML patients without TMDS.* In
another series®® that focused only on dysmega-
karyocytopoiesis (DysM) 12% of 95 cases of
AML had DysM, with 75% occurring in FAB
type M4. Again the complete remission (CR)
rate was lower in cases with DysM (14%)
compared to those without (82%). In both
series TMDS or DysM were not observed in
FAB-M3. This finding was confirmed by our
experience.” However, it appears that dysgran-
ulopoiesis (DysG) is the most significant factor.
In our seriesthe CR rate of 336 AML cases was
57% when DysG was present, compared to
71.5% when absent (P = 0.018). Chromosome
data were not available in these retrospective
studies.™* Nonetheless. we demonstrated that
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dysplasia in FAB-M1 was associated with an
abnormal karyotype and with a low CR rate.”’

MYELODYSPLASTIC SYNDROMES N
CHILDHOOD

Although MDS have been described prima-
rily in elderly patients and more recently in
young adults,”® similar biological and clinical
features have been observed in children.”**! van
Wering and colleagues™ described three cases
(2 RAEB-t and 1 CMML) with dysmegakary-
opoiesis, hypogranular neutrophils, and a hyper-
cellular marrow. Auer rods were present in one
case. A study by Creutzig et al®® of 21 cases (4
RAEB, 16 RAEB-t, and 1 CMML) revealed
evidence of dyserythropoiesis and dysgranulo-
cytic features in each case. Dysmegakaryopoie-
sis was observed in the majority of patients, and
Auer rods were present in 3 of the 16 RAEB-t.
The median age was 1lyears (range, 2 to 16
years), and the authors concluded that children
with MDS might benefit from more aggressive
treatment but in general, the survival rate was
poor and similar to that observed in adults with
MDS. Brandwein et al® reported 14 cases of
primary MDS (4RA, 2 RAEB, 1 RAEB-t, 7
CMML), 4 of whom were from two pairs of
siblings. The median age was 7 years (range, 1to
17years); however, this group was more heterog-
enous because 7 of the 14children had CMML.

These studies demonstrate that MDS can be
diagnosed in children using the same criteria
utilized in adults. The precise frequency is still
unclear but MDS may account for approxi-
mately 1% to 3% of childhood malignancies.
The incidence appears to be increasing with the
description of secondary or therapy related
myelodysplastic syndromes in children® and in

MYELODYSPLASIA AND HUMAN
IMMUNODEFICIENCY VIRUS-RELATED
DISEASE

Dysplastic maturation of hematopoiesis is a
common finding in patients with human immu-

11

nodeficiencyvirus (HI1V) infection, and dysplas-
tic features in the bone marrow have been
described by several authors. Megaloblastic he-
matopoiesis with dyserythropoiesis, a left shift
in granulocytic precursors and a marked in-
crease in marrow megakaryocytes were re-
ported by Spivak et al* in 12 HIV-infected
patients. In addition, dysplastic bone marrow
features were described by Schneider et al® in 8
patients. The latter authors demonstrated that
all three hematopoietic cell lines were involved
in each of the HIV-infected individuals. Karcher
et al® reported on 216 bone marrows in 178
HIV-infected patients. The most common find-
ings were hypercellularity (53% of specimens)
and dysplasia involving at least one cell line
(69%) with erythrocytic, megakaryocytic, and
dysgranulocytic dysplasia in 56%, 31%, and
18% of specimens, respectively. Dyserythropoi-
etic features included multinucleation, nuclear
irregularity, and internuclear chromatin bridge
formation. Megakaryocytic dysplasia, such as
dwarf forms, nuclear hyposegmentation, and
nuclear fragmentation was common. The granu-
locytic series showed asynchrony between nu-
clear and cytoplasmic maturation; occasional
marrow aspirates exhibited multinucleation or
hypogranular maturing cells.

The mechanism(s) for HIV-related myelodys-
plasia is not clear. Drug toxicity, a secondary
effect of opportunistic infections, or HIV infec-
tion itself have all been proposed as causative
factors. Karcher et al® reported a significant
correlation between myelodysplasia and Cen-
ters for Disease Control class IV disease and a
history of opportunistic infection. These au-
thors concluded that myelodysplasia in HIV-
infected patients is probably directly related to
HIV infection, which worsens with disease pro-
gression and is not a side effect of therapy.” It
should be emphasized that dysplastic morpho-
logic changes in HIV-infected patients do not
necessarily have the same clinical implications
as myelodysplasia in the non-HIV setting in
regard to the evolution to acute leukemia.”
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