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The WHO criteria for diagnosing acute panmyelosis with myelofibrosis are somewhat distinct from those for
acute megakaryoblastic leukemia. However, clinical and hematopathologic findings partially overlap. This has
raised questions as to whether these are indeed separate, definable entities. To determine the potential
importance of bone marrow biopsy supplemented by immunohistochemistry in distinguishing between these
two conditions, we studied 17 bone marrow biopsies of well-characterized cases of acute panmyelosis with
myelofibrosis (six cases) and acute megakaryoblastic leukemia (11 cases). We compared blast frequency,
reticulin content, CD34 expression, and the degree of megakaryocytic differentiation of the blast cells in these
two conditions. Our results demonstrate important differences. Acute panmyelosis with myelofibrosis is
characterized by a multilineage myeloid proliferation with a less numerous population of blasts than acute
megakaryoblastic leukemia (Po0.01). In the former condition, blasts are always positive with CD34, while in
acute megakaryoblastic leukemia they express CD34 in 60% of the cases. The blasts in acute panmyelosis with
myelofibrosis only rarely express megakaryocytic antigens. By contrast, acute megakaryoblastic leukemia has
a significantly higher proportion of blasts expressing megakaryocytic antigens (Po0.01 with CD42b). Our
results confirm that histology supplemented by immunohistochemistry permits the distinction of these
conditions in routinely processed bone marrow biopsies.
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In 1963, Lewis and Szur1 described a disorder that
they termed ‘malignant myelosclerosis,’ character-
ized by an acute clinical course, rapid development
of peripheral blood cytopenias with leukoerythro-
blastosis, and no detectable splenomegaly. Bone
marrow findings in their study were considered to
be identical to those in classic chronic idiopathic
myelofibrosis (CIMF). A number of subsequent
studies have described a similar disorder that has
been termed ‘acute myelofibrosis,’ ‘acute myelo-
sclerosis,’ ‘acute megakaryocytic myelofibrosis,’ and
‘acute myelodysplasia with myelofibrosis.’2–5 Most
of these cases are now believed to correspond to the

entity presently defined as acute panmyelosis with
myelofibrosis (APMF) in the WHO classification
system of hematopoietic malignancies.6 APMF is
exceedingly rare and corresponds to less than 1% of
the cases of acute myeloid leukemias (AML),
although this may be an underestimation due to
missed diagnosis. The WHO criteria for the diag-
nosis of APMF include: panmyelosis, significant
marrow fibrosis, pancytopenia, normal erythrocyte
morphology, lack of splenomegaly, and a rapidly
fatal course.7

Most cases of APMF are characterized by a fibrotic
bone marrow with an increased number of immature
trilineage hematopoietic elements, and conspicu-
ously dysplastic megakaryocytes predominately of
small size showing variable degrees of atypia
including the presence of hypolobulated or non-
lobulated nuclei. Foci of blasts are found scattered
throughout the marrow. The overall frequency of
blasts in APMF marrows is uncertain; however, its
precise determination is not considered a diagnostic
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requirement, according to the WHO system. The
peripheral blood in APMF usually shows pancytope-
nia with absent or only rare circulating blasts and
lacks the anisocytosis and poikilocytosis of CIMF.
Splenomegaly is minimal or absent, and myeloid
metaplasia in the spleen is not a prominent feature.
The course is rapidly fatal, often terminating with
an overtly leukemic myeloid phase, or rarely with a
lymphoblastic malignancy. In the terminal stage,
splenomegaly may be observed, which usually results
from leukemic infiltration of the red pulp.8–10 The
disease usually occurs in adults, but rare cases have
been described in children.7

Acute megakaryoblastic leukemia (AMKL) is a
rare form of AML and accounts for 3–5% of all
myeloid leukemias.11 AMKL is diagnosed according
to criteria of the WHO system, which closely mirrors
those of the earlier FAB classification previously
established for this subtype of AML.12 The main
requirement is a minimum of 20% blasts, the
majority of which showing megakaryocytic differ-
entiation, usually demonstrated by flow cytometry.7

Additional morphologic features seen in a variable
proportion of cases of AMKL include the presence of
abnormal small megakaryocytes with hypolobulated
or nonlobulated nuclei and a marked degree of
reticulin fibrosis, findings that overlap both APMF
and AMKL.

As the distinction between APMF and AMKL is
difficult, we tested the ability of various morpho-
logic and immunohistochemical criteria to distin-
guish the two entities. In addition, we analyzed
cytogenetic, flow cytometric, and clinical results in
relation to the two entities.

Materials and methods

We evaluated formalin-fixed, nitric acid decalcified,
paraffin-embedded bone marrow biopsies obtained
from the pathology files of the Department of
Pathology, Indiana University School of Medicine/
Clarian Health Partners, Indianapolis, Indiana. All
these cases were consecutively diagnosed within a
period of approximately 10 years. Additionally, five
cases of AMKL were obtained from the consultation
files of one author (PMB).

The diagnostic categorization of these cases was
based on a comprehensive multiparametric evalua-
tion, which included a combination of clinical
characteristics, morphology, immunohistochemistry,
and when available, flow cytometry and cytogene-
tics, in accordance with the diagnostic approach
outlined in the current WHO classification.6,11 In
each case, H&E-, Giemsa-, and reticulin-stained
sections were reviewed. AWright-stained peripheral
blood smear was evaluated in each case. When
available, bone marrow aspirate smears and touch
preparations (of bone marrow biopsy) were also
examined. All cases included in this study were
‘de novo’ myeloid neoplasms; none of the AMKL

cases was associated with Down’s syndrome or
history of mediastinal germ cell tumor.

Histologic Evaluation

Core biopsies were reviewed for the following
characteristics: cellularity, blast count, and the
presence and quality of trilineage hematopoietic
elements. The percentage of blasts was determined
in each case by a careful analysis of H&E- and/or
Giemsa-stained bone marrow biopsy sections which
were cut at 3 mm. A 500-cell differential count was
performed in each case. In APMF blasts were
defined as cells with high nuclear:cytoplasmic ratio,
dispersed nuclear chromatin, and scanty cytoplasm.
A comparison ‘side by side’ with a corresponding
section stained with CD34 (see below) was particu-
larly helpful in confirming the marrow blast percen-
tage. In AMKL, blasts were identified on the basis of
their cytologic characteristics, which included, in
poorly differentiated cases, a lymphoblast-like ap-
pearance with coarse to variably dispersed chroma-
tin and scanty cytoplasms. In more differentiated
cases, megakaryoblasts with a lower nuclear:cyto-
plasmic ratio and more abundant cytoplasm were
observed. Similarly to APMF, a comparison with
sections immunostained with CD42b and CD34 (see
below) was also performed in these cases. This was
helpful in confirming the estimated marrow blast
cell percentage.

The lineage of the blasts was determined by
immunohistochemical staining (see below). Particu-
lar emphasis was given to the morphologic evaluation
of megakaryocytes. Megakaryoblasts, micromega-
karyocytes (cell diameter o15mm), and ‘atypical’
megakaryocytes (hypolobulated forms larger than
micromegakaryocytes) were distinguished. The mor-
phologic definition of these forms is based on the
previously published terminology and criteria.13–15

In addition, the degree of reticulin fibrosis was
evaluated in each case. The grading of bone marrow
reticulin fibrosis was performed according to the
system originally proposed by Manoharan et al16 on
a scale of 0–3þ . It should be noted that 4þ fibrosis
(presence of mature collagen) can be established
only by the application of a trichrome stain; this was
not available in this study.

Flow Cytometry—Methods

Bone marrow aspirates or minced bone marrow core
biopsy material was analyzed using three-color flow
cytometry. After red blood cell depletion with
ammonium chloride and subsequent washes, a total
cell count was determined using an automated cell
counter. The viability of the sample was analyzed
with propidium iodide staining. Following these
initial steps, cell suspensions were incubated with
antibody cocktails. Antibodies used were specific to
CD14, CD5, CD19, CD10, CD2, CD7, CD3, HLA-DR,
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CD61, glycophorin, CD33, CD34, CD16, CD56, CD64,
CD41, CD22, CD117, CD13, CD15, myeloperoxidase,
TdT, and kappa and lambda light chains. The
antibodies were directly conjugated with fluores-
cein isothiocyanate (FITC), phycoerythrin (PE), or
rhodamine (RD). Flow cytometric analysis was
performed using a COULTERs EPICS XLt flow
cytometer (Beckman Coulter, Miami, FL, USA).
Cells of interest were gated on right angle scatter
vs CD45 display. An antigen was considered
positive if 20% or more cells in the blast gate
stained with a specific antibody.

Immunoperoxidase Methods

The following immunoperoxidase stains were per-
formed using an automated immunostainer (DAKO,
Carpinteria, CA, USA) and a standard streptavidin–
biotin–peroxidase complex technique. The progeni-
tor/early precursor associated antibody (Ab) CD34
(QBEND10) and the following anti-Mk Abs: CD31
(JC70A), CD42b (MM2/174), vWF (polyclonal factor
VIII), and anti-LAT (linker for activation of T cells;
antibody kindly provided by Professor George
Delsol, see Acknowledgments). Myeloid and ery-
throid differentiation was assessed by using poly-
clonal antimyeloperoxidase and antihemoglobin
antibodies (both obtained from DAKO). Briefly,
endogenous peroxidase activity was blocked with
3% hydrogen peroxide in methanol, and endogen-
ous biotin activity was blocked using avidin and
biotin. The peroxidase activity was developed with
3,3-diaminobenzidene (DAB), and counterstained
with hematoxylin. Controls stained appropriately.
The immunohistochemical results were expressed
as mean (7s.d.) percentage of marrow blasts reactive
with the given antibody.

Cytogenetic Methods

For bone marrow aspirate specimens, the cell cul-
ture, harvesting and GTG-banded karyotype methods
were performed as previously described.17 In one
case, a bone core biopsy specimen was first minced
with dissecting scissors and then cultured similar to
bone marrow aspirate specimens (patient 13).

Results

The patients in this study ranged in age from 2 to 84
years; 10 were males and seven females. The median
age was 72 (mean 70.678.5) years in APMF and
57 years (mean 55.0722.3) in AMKL patients. The
most common symptoms at presentation included
fatigue, fever, bruising, and shortness of breath.
Hepatosplenomegaly was noted in two patients with
AMKL and in none of the cases classified as APMF.
Survival data were available for all six APMF cases
and for seven (of 11) AMKL patients.

In APMF, survival from diagnosis to death (5/6
patients) ranged from 14 to 480 days, with a median
value of 32 days. The single patient who died at 480
days was treated with chemotherapy followed by
allogeneic bone marrow transplant; the cause of
death was a disseminated fungal infection 4 weeks
after the transplant. At autopsy no evidence of
leukemia was found. None of the other patients in
the APMF group received bone marrow transplant.
One patient, treated with chemotherapy, was alive
with disease at 930 days follow-up.

In the AMKL group, the survival from diagnosis to
death (six patients) was comprised between 5 and
351 days with a median value of 47.5 days. One
patient was alive with disease at 540 days from the
diagnosis. Three patients in the AMKL group
received bone marrow transplants. No significant
differences were observed between the two diag-
nostic groups. The clinical features are summarized
in Table 1.

Peripheral Blood Results

All patients with APMF and most patients with
AMKL showed pancytopenia. The degree of leuko-
penia and the lowest absolute neutrophil counts
were seen in cases of APMF (see Table 2). Un-
remarkable red cell morphology was observed in six
cases of APMF; one case showed mild anisocytosis.
The neutrophils showed dysgranulopoietic changes
including the presence of pseudo Pelger-Huet and/
or hypogranulated forms in four of six (67%) of
APMF and in two of 11 (18%) of the AMKL cases.
Abnormal platelets, including hypogranular, hyper-
granular, and giant forms, were occasionally ob-
served in both groups. In addition, fragments of
megakaryocytic cytoplasm and platelet clumps were

Table 1 Clinical features of cases

Case number Age Gender Survival

APMF 1 74 M D—27 days
2 79 F D—1 month, 5 days
3 57 M D—16 months
4 70 M D—14 days
5 65 M AWD—31 months
6 79 M D—32 days

AMKL 7 45 M NA
8 36 F NA
9 54 M D—19 days

10 2 F D—11 months, 21 days
11 70 F NA
12 57 F D—5 days
13 76 M NA
14 62 F D—3 months
15 84 M D—2 months, 5 days
16 52 F AWD—27 months
17 67 M D—30 days

D¼dead; AWD¼ alive with disease; NA¼ result not available.
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rarely seen in both groups. Rare circulating blasts
were present in 3/6 cases of APMF; in APMF, only
2/6 patients had 410% circulating blasts. Six (of
nine) cases of AMKL showed a frankly leukemic
picture with X10% blasts; only rare blasts were
seen in 3/9 cases. The blasts both in APMF and
AMKL appeared poorly differentiated. In one
patient with AMKL cytoplasmic blebs were occa-
sionally seen.

Bone Marrow Results

Bone marrow aspirate smears and/or touch
preparations
Marrows were inaspirable in all cases of APMF (‘dry
tap’). The marrow biopsy touch preparations avail-
able in three cases showed occasional blasts and
dysplastic megakaryocytes in 2/3 cases (Figure 1a).
In AMKL, 9/11 cases had inadequate or no aspirate
for review. In the two aspirable cases, sheets of
poorly differentiated blasts with occasional cyto-
plasmic blebs were noted (Figure 2a).

Bone marrow biopsy
Bone marrow was hypercellular in all biopsies of
both APMF and AMKL. In APMF, all cases showed

variable degrees of expansion of erythroid, myeloid,
and megakaryocytic precursors (Figure 1b, c). In
three cases, erythropoiesis was markedly increased
with numerous immature erythroid precursors.
An increased number of micromegakaryocytes and
atypical megakaryocytes with nonlobulated or hy-
polobulated nuclei were always present (Figure 1c).
These cells were easily recognizable in sections
immunostained with CD42b (Figure 1d), LAT
(Figure 1e), or vWF. vWF, however, often showed a
high nonspecific background staining. CD31, while
similarly positive, was occasionally difficult to
interpret due to the staining of other types of
(nonmegakaryocytic) myeloid cells, macrophages/
monocytes in particular. In all APMF cases, an
increased number of blasts often arranged into
scattered aggregates and clusters were detected. In
none of the cases, the percentage of blasts was
higher than 25%. Case 3 had the lowest number of
blasts (10%), a value which, if considered by itself,
would make the case fit best within a myelodys-
plastic syndrome (MDS), refractory anemia with
excess of blasts (RAEB) category. However, the origi-
nal diagnosis of APMF was maintained in virtue of
the combination in this case of abrupt clinical onset,
a striking degree of reticulin fibrosis, and the abun-
dance and prominence of small megakaryocytes

Table 2 Comparison of results of APMF vs AMKL

Case
no.

WBC (ANC) 109/l PB blast
(%)

BM blastsa

(%)
Retic Percentage of BM blasts positive with given antibody

% CD34+ % CD42+ % vWF % CD31+

APMF
1 1.96 (0.7) 11 25 2 60 10 10 51
2 8.60 (2.3) 0 20 3 63 5 5 40
3 1.1 (0.2) 0 10 3 80 10 11 70
4 3.04 (1.3) 33 25 3 60 20 12 60
5 2.27 (0.9) 1 20 2 70 10 5 15
6 2.0 (0.6) 3 25 3 60 8 6 90

Mean 3.2 (ANC: 1.070.7) 8 20.8 2.6 65.5 10.5 8.1 54.3
(7s.d.) (72.7) (712.9) (75.8) (70.5) (78.0) (75.0) (73.1) (725.7)
Median 2.1 (ANC: 0.8) 2 22.5 3 61.5 10 8 55.5

AMKL 7 1.3 (1.2) 1 85 2 80 NE NE 90
8 4.8 (NA) 10 50 3 80 80 5 30
9 8.8 (4.0) 8 80 3 5 35 NE 10

10 29.5 (5.3) 38 80 3 4 80 20 90
11 13.6 (7.3) 9 70 2 5 100 80 NE
12 1.9 (0.1) 30 60 3 70 30 10 90
13 1.2 (NA) NA 90 3 80 70 NE 50
14 9.7 (2.7) 20 70 3 70 40 20 50
15 1.1 (0.4) NA 20 3 60 25 10 80
16 6.7 (3.7) 50 20 3 5 50 70 90
17 8.1 (1.5) 37 30 3 80 30 40 90

Mean 7.8 (ANC 2.972.4) 28.3 63.1 2.7 43.5 55.4 28.8 62.7
(7s.d.) (78.2) (716.8) (725.9) (70.5) (735.6) (726.4) (728.7) (729.8)
Median 6.7 (ANC: 2.7) 20 70 3 70 45 20 85

a
Bone marrow blast count obtained on bone marrow biopsy.
PB¼peripheral blood; BM¼bone marrow; NE¼nonvaluable due to poor immunoreactivity of the sample; NA¼ result not available.
Statistical results (Student’s t-test): APMF vs AMKL, percentage of bone marrow blasts, Po0.01; percentage of CD42-positive blasts, Po0.01.
Other results: NS.
Note: LAT staining performed satisfactorily on only 10 cases; the results observed paralleled CD42b. However, the result was statistically NS.
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with dysplastic features including a high frequency
of nonlobulated or hypolobulated nuclei with dis-
persed nuclear chromatin.

In all cases, the majority of the blasts expressed
CD34 (Figure 1f). They were arranged in clusters
easily identifiable by their CD34 reactivity. A

Figure 1 Acute panmyelosis with myelofibrosis. (a) Bone marrow biopsy touch preparation from a patient with APMF (patient 5). In the
photo note a myeloblast (circled), a trilobated dysplastic erythroblast (arrowed), and a small dysplastic megakaryocyte. (b, c) Bone
marrow biopsy sections from patient with APMF (patient 1). The marrow shows high cellularity due to a multilineage proliferation
(panmyelosis). Note the presence of numerous hypolobulated dysplastic megakaryocytes with disperse chromatin pattern and an excess
of blasts. Although the number of marrow blasts is always increased in cases of APMF, they never represented the majority of the marrow
cellularity. (d, e) Immunoperoxidase stains for CD42b (d) and LAT (e). Both markers are positively expressed in the megakaryocytes and
highlight the predominance of small size abnormal forms that characterized cases of APMF. (f) Immunoperoxidase reaction with
antibody to CD34. The slide shows numerous CD34-positive blasts that are arranged into clusters and aggregates (arrows). The CD34
stains the majority of the blasts in cases of APMF. (g, h) Sections of bone marrow biopsies of patients with APMF stained with
antimyeloperoxidase (g) and antihemoglobin (h) antibodies. Note the multilineage nature of the precursor cells seen in APMF, which
include myeloid as well as erythroid precursors. (i) Section of bone marrow biopsy of a patient with APMF stained for reticulin (Gomori
stain). Note the diffuse fibrosis and its coarse fiber pattern (grade 3).
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variable proportion of the blasts expressed myelo-
peroxidase (Figure 1g). Hemoglobin (Figure 1h)
reactivity facilitated the identification of erythro-
blasts and helped in distinguishing proerythroblasts
from nonerythroid blasts in selected cases. In 5/6
APMF cases, only very rare megakaryoblasts, iden-
tified on the basis of their CD42b and/or LAT
reactivity, were identified. All cases showed sig-
nificant (Z2þ ) degree of reticulin fibrosis. Results
summarized in Table 2.

In contrast to APMF, nine of 11 cases of AMKL
showed high blast counts (AMKL vs APMF,
P¼o0.01) (Table 2 and Figure 2a, b). A predomi-
nance of megakaryoblasts, identified by their flow
cytometric characteristics and/or by their immuno-
histochemical reactivity with CD42b (Figure 2c),

CD31, vWF, or LAT (Figure 2d) was seen in nine of
11 cases. Three AMKL cases (12, 15, 17) showed a
low frequency of CD42b and vWF immunoreactivity
but a strong CD31 staining. Case 9 expressed CD42b
only and at a low level. However, in these four cases,
the majority of marrow blasts expressed CD41 and/
or CD61 by flow cytometry (Table 3). Antimyelo-
peroxidase was consistently negative (Figure 2f)
while antihemoglobin stained occasionally residual
erythroblast (Figure 2g).

The most consistently positive staining of the blasts
in AMKL was obtained with CD42b (Figure 2c) and
LAT (Figure 2d). The difference observed with CD42b
between AMKL and APMF was statistically signifi-
cant (Po0.01). We did not have satisfactory immuno-
staining in some cases by using LAT. The limited

Figure 1 Continued.

Figure 2 (a) Bone marrow aspirate smear from a patient with AMKL. The aspirate in this case (patient 9) shows numerous poorly
differentiated megakaryoblasts with only occasional pseudopods. One blast showing erythrophagocytosis is noted. (b) Bone marrow
biopsy The bone marrow cavities contain large confluent aggregates of megakaryoblasts. The megakaryoblasts in this case are
predominantly poorly differentiated; note the prominent nucleoli and variable amount of cytoplasm displayed by the blasts. (c, d)
Immunoperoxidase stain for CD42b (c) and LAT (d). The positive reaction seen with both antibodies confirms the megakaryocytic nature
of the blasts (patient 13). (e) Immunoperoxidase stain for CD34. CD34 is positive in the blasts in this case of AMKL. Note the presence of
large confluent aggregates and sheets of positive blasts, similar to what is seen in other cases of acute leukemia expressing CD34 (but not
in APMF). (f, g) Immunoperoxidase stain for myeloperoxidase (f) and hemoglobin (g) (patient 13). Myeloperoxidase is totally negative in
the blasts. A small number of maturing erythroblasts within the scanty residual maturing bone marrow population is positively stained
with antihemoglobin.
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number of cases successfully analyzed with LATwas
insufficient to show statistically significant differ-
ence. vWF stained only a minority of megakaryo-
blasts while CD31 was at times difficult to interpret
for reasons that have been previously described. In
AMKL, megakaryoblasts had an ‘all-or-none’ appea-
rance with CD34 staining. In 7/11 cases, CD34
appeared to be diffusely positive in the vast majority
of megakaryoblasts (Figure 2e), while there was
almost no staining in the remaining cases (Table 2).

Three of the 11 AMKL cases were characterized
by a mixture of poorly differentiated blasts, micro-
megakaryocytes, and larger atypical megakaryocytes.
These cases did morphologically closely resemble
APMF. However, immunohistochemistry showed a
significantly higher frequency of CD42b- and LAT-
positive megakaryoblasts in these three cases than
that observed in the APMF group. Reticulin fibrosis
was of a similar degree both in APMF and AMKL
cases.

Flow Results

Flow cytometric analysis was performed in four
cases of APMF and seven cases of AMKL (Table 3).

The percentage of blasts varied between 3 and 30%.
All four cases of APMF showed a distinct popula-
tion of myeloid blasts positive for CD34, CD33, and
CD117. The coexpression of early antigens and
markers seen late in the myeloid maturation was
seen in both APMF and AMKL. It included four
cases with the coexpression of CD34 and/or CD117,
and CD15, CD11b and/or CD11c. Additionally, three
cases showed the aberrant coexpression of CD7
antigen. In only one case of APMF, a proportion of
blasts (23%) was positive for CD61 antigen. In
contrast, all seven cases of AMKL expressed mega-
karyocytic markers, CD41 and/or CD61, in the
majority of the blasts.

Cytogenetic Results

The results are summarized in Table 4. Three of the
six patients classified as APMF had cytogenetic
data. All three had evidence of partial loss of
chromosome 5q. Two of the three also demonstrated
monosomy of chromosome 7 or deletion of 7q. One
patient had del(5q),del(7q) and trisomy 8. All case
karyotypes were consistent with a malignant mye-
loid disorder cytogenetically similar to aggressive
MDS or MDS-related acute myeloid leukemia. Two
of 11 patients classified as AMKL had cytogenetic
results, and both displayed an abnormal karyotype.
One had monosomy for chromosome 7 plus addi-
tional abnormalities. The second case had an
interstitial deletion of the long arm of chromosome
11 between q13 and q23.

Discussion

The true nature of acute panmyelosis with myelofi-
brosis is not completely understood. Some believe
that it is a variant of AML, and consider it to be
equivalent to AMKL.8,18–21 Yet others believe that it
is an acute variant of MDS,22–24 a group of disorders
in which myelofibrosis can also be observed.25,26

The primary differential diagnosis of APMF is,
however, with AMKL.

Table 3 Flow cytometry results

Entity Case
number

Results

APMF 1 HLA-DR, CD117, CD33, CD34, CD13,
2 HLA-DR, CD34, CD117, CD33, CD15, CD38, CD61a

3 HLA-DR, CD33, CD34, CD117, CD13 CD7, CD15,
myeloperoxidase

4 CD13, CD117, CD7, CD34

AMKL 7 CD13, CD33, CD34, CD41, CD61
9 CD7, CD13, CD33, CD41, CD61

10 HLA-DR, CD11b, CD33(dim), CD4(dim), CD41, CD61
11 CD33, CD41, CD61
12 HLA-DR, CD34, CD117, CD33(dim), CD41, CD61
15 CD33, CD34, CD15, CD11b, CD11c, CD41
17 CD34, HLA-DR, CD117, CD11b, CD41, CD61

a
Only 23% of blasts showed CD61 expression.

Table 4 Cytogenetic results

APMF Patient #:
1. BM: 43,XY,del(5)(q13q33),�7,ins(11;?)(q13;?),�17,add(18)(q21.3), �20,?dic(20;21)(q11.2;p11.2) [6].
2. BM: Insufficient metaphases (46,XX [2]).
4. BM: 46–48,XY,del(5)(q15q13),del(6)(q21q25), del(7)(q22q36),78,del(11)(p11.2p15), �13,add(19)(p13.3),7marker chromosomes

[cp16].
5. BM: Insufficient metaphases (46,XY [1]).
6. BM: 46,XY,del(5)(q31q35) [3]a.

AMKL Patients #:
11. BM: 46,XX,del(11)(q13q23) [16].
13. Unstimulated peripheral blood: 45,XY,�7,del(9)(q12q34)[20] BM core: 45,XY,�7,del(9)(q12q34) [1].

a
In addition to 5q�, monosomy 7 was detected by FISH on a previously obtained unstimulated peripheral blood sample.
BM: bone marrow aspirate sample.
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In both APMF and AMKL, a significant number of
cases have inaspirable marrow, thereby limiting the
role of cytogenetics and flow cytometry in the
characterization of these diseases.

The few studies that are available do not indicate
that there is a characteristic cytogenetic abnormality
in cases called acute myelofibrosis.27–30 However, in
cases in which a specimen sufficient for cytoge-
netics is obtained, complex abnormalities involving
chromosome 5 and/or 7 are often seen.6,27–30

Cases of AMKL are cytogenetically more hetero-
geneous, and may include abnormalities of 5/5q,
7/7q, or inv(3)(q21q26). Constitutional trisomy 21
as well as t(1;22)(p13;q13) can be seen in pediatric
patients.31 In our series, when an adequate karyo-
type was obtained, overlaps were observed between
the two diagnostic groups; APMF cases displayed a
high incidence of complex karyotypes involving
both chromosome 5 or 7, similar to MDS and
secondary AML.

Morphologically, the two disorders are known to
show overlapping characteristics. Most of the past
evidence, however, was based on cytologic analysis
of blasts and abnormal megakaryocytic forms, as
seen in smears or touch preparations, an approach
that does not allow for a clear distinction between
the two conditions. Besides providing a superior
way to analyze megakaryocytic cells morphology
and blast cell distribution, bone marrow biopsy
overcomes difficulties connected to the absence
or scarcity of marrow aspirate material in these
myelofibrotic conditions. Research during the past
decade has also shown that immunohistochemical
studies of routinely processed bone marrow biopsies
may be used to provide precise diagnostic informa-
tion in neoplastic myeloid disorders.32–35 The
identification of megakaryoblasts and atypical mega-
karyocytic forms can be greatly facilitated by the use
of monoclonal antibodies reactive with platelet
glycoproteins, such as CD41 (glycoprotein IIb/IIIa),
CD42 (glycoprotein Ib), or CD61 (glycoprotein IIIa),
or with a polyclonal antifactor VIII (vWF) anti-
body.36–39 However, of the three antiplatelet glyco-
protein antibodies, only CD42 and CD61 are
demonstrable in routinely processed tissue sections.
Since CD61 reacts poorly in B5-fixed and/or nitric
acid decalcified bone marrow biopsies, vWF has
usually been the antibody of choice, at least in the
United States.37,40 However, published evidence has
shown that vWF expression is frequently decreased
in cases of AMKL with poorly differentiated blasts,6

a finding consistent with the decreased synthesis of
alpha granules (where vWF is stored) in immature
megakaryocytes.

Our study of bone marrow biopsies demonstrates
important differences in the morphologic and
immunohistochemical characteristics of the two
conditions (APMF and AMKL) that can be useful
in their differential diagnosis.

The bone marrow biopsy showed a significantly
higher frequency of bone marrow blasts in AMKL

than in APMF. In addition, the blasts in all cases of
AMKL stained strongly for CD42b (and LAT) and
were negative with myeloperoxidase, a result which
is consistent with their predominant megakaryocy-
tic nature and paralleled the flow cytometric results
(ie positivity with CD61 and CD41 in the majority of
the blasts), available, however, in only a minority of
the cases. In addition, CD34 positivity in blasts was
seen in 60% of the AMKL cases in this series. In the
AMKL–CD34-positive cases, the blasts coexpressed
CD34 and megakaryocytic antigens.

In contrast, APMF was characterized by a less
numerous population of blasts within a poly-
morphic cellular background, which included ery-
throblasts, megakaryocytes, and maturing myeloid
elements with variability in their relative propor-
tions from case to case. The blasts in APMF did not
express significant megakaryocytic reactivity, but
were identifiable by their strong reactivity with
CD34 and occasional reactivity with myeloperox-
idase. Our results thus emphasize the panmyelotic
nature of APMF, as perceived by its heterogeneous
morphology and immunohistochemical reactivity.

We found that CD42b is a better marker than vWF
for detecting megakaryoblasts, as shown by our
results. Recently, LAT (linker for activation of
T-cells), a molecule involved in T-cell activation
and platelet aggregation, was found to stain mega-
karyocytes and platelets in tissue sections40,41 as
well as megakaryoblasts in cases of AMKL.40,41 In
our study, LAT showed a sensitivity comparable to
CD42b. However, the staining was unsatisfactory in
a proportion of the cases. To confirm the practical
usefulness of this marker, additional studies will be
required.

In comparison to CD42b, CD31 and vWF immuno-
stains were less effective in separating APMF from
AMKL, and the differences observed did not reach a
level of statistical significance. Both antibodies
resulted often in a high nonspecific background
staining; diffuse staining of vascular endothelium
and macrophage staining with CD31 was also
encountered. These markers should not be consid-
ered as ‘first choice’ to stain megakaryocytes in
routinely processed tissue sections.

The concept that APMF represents a ‘multilineage’
disease characterized by a heterogeneous blast cell
population has been repeatedly proposed in numer-
ous publications over the last 40 years. In 1981,
Sultan et al22 described several cases of acute
myelofibrosis in which they were able to demon-
strate a heterogeneous blast cell population, which
included megakaryoblasts, poorly differentiated
myeloid blasts, and erythroblasts. In 1985, Schreeder
et al42 described two cases of acute myelofibrosis in
which the majority of the blasts express myelomo-
nocytic antigens. Only a minority of the blasts in
their study expressed evidence of megakaryoblastic
differentiation. More recently, Hruban et al18 have
described in four cases of APMF studied by an
immunoperoxidase technique, a complete lack of
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blast cell reactivity with vWF antibody, a result
which is largely in agreement with our findings. The
cases were characterized by faint staining of the
blasts with lysozyme, a marker of myelomonocytic
differentiation. By contrast, blast cells in three cases
of AMKL studied by the same authors were positive
with vWF and negative with lysozyme.

The notion that the blast cells in APMF are
primitive hematopoietic cells arises from cases of
this disorder that have terminated with a frankly
leukemic phase characterized by myeloid or less
frequently a lymphoblastic phenotype.7,43,44 In
contrast to what has been observed in cases of
chronic idiopathic myelofibrosis, the ‘progression’
from APMF to a frank AMKL has not been well
documented.

Other conditions besides AMKL need also to be
considered in the differential diagnosis of APMF.
These include: cases of acute leukemia (other than
AMKL) with marrow fibrosis, particularly AML
with multilineage dysplasia (AML–MLD), MDS with
fibrosis, CIMF, and metastatic tumors with an
associated myelofibrotic reaction.

The distinction between APMF and AML with
myelofibrosis, particularly AML with multilineage
dysplasia may occasionally be problematic.45

Whether the distinction of these conditions is
relevant for clinical management is still not clear.
When the proliferative process is predominantly
blastic, the case should be classified as AML
(7MLD) with associated fibrosis.6 However, cases
of AML–MLD, which occur after a prior MDS or
with a therapy-related origin,6,33 frequently have a
low (ieo30%) blast count and may closely resemble
APMF or be totally morphologically indistinguish-
able from it.

The distinction between APMF and CIMF is
usually much less problematic. In CIMF, the
peculiar cytologic characteristics of the megakaryo-
cytes, which include anisocytosis with a predomi-
nance of large size forms arranged into tight cellular
clusters, the abnormal chromatin clumping with
hyperchromatic nuclei and clumped (cloud shape)
nuclear lobulation as well as the characteristic
stromal changes that include the presence of
intrasinusoidal hematopoiesis allow for a distinc-
tion with APMF.46 These characteristics usually
allow for a distinction, even in the rare cases of
CIMF in accelerated phase46 in which, as opposed to
the ‘stable’ phase of the disease, an increased
number of CD34-positive blasts can be observed in
the bone marrow biopsy. Further findings seen in
CIMF, which are not observed in APMF, include a
chronic course, characteristic peripheral blood
changes (ie dacrocytosis and leukoerythroblastosis),
and the presence of significant splenomegaly. The
latter findings may, however, be lacking in the early
cellular phase of the disease.

The distinction between APMF and aggressive
subtypes of MDS with fibrosis (MDS-F)25,33 such as
refractory anemia with excess of blasts type 2� with

fibrosis, in particular, may be difficult, as also
illustrated by our case 3. These difficulties have
been outlined in published reports,22,47,48 One of the
reason concerns the degree of myelofibrosis which,
in both conditions, shows significant overlap. How-
ever, important clinical differences exist between
the two conditions, particularly the abrupt onset
for APMF and its shorter survival rate in compa-
rison with MDS-F.22,25 The latter condition appears
clinically heterogeneous and at least in one study
has been associated with comparatively long survi-
vals.49 It seems therefore prudent to retain the
diagnostic terms separately, and to consider APMF
a variant of AML as defined by the WHO system.
Lastly, as briefly mentioned, it is particularly
important to rule out the history of exposure to
leukemogenic therapeutic agents (eg post alkylating
agents) or environmental toxins before diagnosing
APMF. These secondary cases should be more
properly termed MDS- or AML-therapy-related,
and not APMF.

In summary, we have attempted to provide a
comprehensive description of the pathologic find-
ings in APMF, emphasizing its distinction from
AMKL. The combination of bone marrow biopsy
morphology and immunostaining permits a repro-
ducible distinction between APMF and AMKL.
Morphologic overlap can be observed between
APMF, AML with myelofibrosis, and MDS-F. How-
ever, in view of important clinical implications, it
seems prudent to retain the term of APMF as
defined by the WHO group and above.
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