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Introduction

Hypocellular acute myeloid leukemia (AML) is an infre-
quent entity. Its frequency ranges between 5-12% of all
cases of AML."” Published reports are based on small num-
bers of patients and do not include a comparison with
other AML patients. Hypocellular AML is currently
defined as AML with a bone marrow cellularity less than
20%, although in some earlier reports, cellularity less than
40% or 50% was considered to be hypocellular.”® Its diag-
nosis poses a challenge to hematopathologists because of
the features in common between hypocellular AML and
hypocellular myelodysplastic syndrome and aplastic ane-
mia, including cytopenias and dysplasia; this is particular-
ly the case in the few instances in which cellularity is
extremely low. Guidelines were, therefore, proposed to
facilitate the diagnosis.*”

Information about additional clinical parameters is
expected to help treating physicians. For instance, infor-
mation about the frequency of preceding hematologic dis-
orders is not well reported.’ As cytogenetics remain most
prognostic for clinically relevant outcomes in AML® the
distribution of cytogenetic abnormalities in hypocellular
AML needs to be elucidated in larger cohorts of patients.
Finally, there is a lack of data comparing survival and other
clinically important outcomes between these patients and
patients with AML that is not hypocellular.

In addition to cytogenetics, mutations have gained rele-
vance to outcomes in AML and in particular internal tan-
dem duplication (ITD) mutations in FLT3 have been linked
to worse outcomes in normal karyotype AML. The fre-
quency of these mutations ranges up to 30% in normal
karyotype AML, but is unknown in patients with hypocel-
lular AML.”" We undertook this study to assess the fre-
quency of hypocellular AML among a large consecutive
cohort of patients with AML. Here we describe the clinical
features of this group and compare their clinical outcomes
with those of other patients with AML.

Design and Methods

All new cases of AML (according to World Health
Organization criteria) seen at the University of Texas MD
Anderson Cancer Center (MDACC) from 2000 to 2009 were
reviewed. Patients with acute promyelocytic leukemia and core
binding factor-associated AML were excluded from the analysis.
Most patients were treated in clinical trials approved by the
Institutional Review Board and conducted in accordance with the
Declaration of Helsinki. All patients signed an informed consent
document approved by the Institutional Review Board before
entering any study.

According to the clinical practice of our institution bone mar-
row aspirate smears with core biopsies were performed on every
patient at the time of presentation at our institution. Bone mar-
row aspirate smears were assessed by Wright-Giemsa stain fol-
lowed by cytochemical analysis for myeloperoxidase and a-
naphthyl butyrate esterase, as described previously."" Four-color
flow cytometry immunophenotypic analysis was performed on
bone marrow aspirate specimens using a fluorescence-activated
cell sorting (FACS) FACScan or FACSCalibur instrument, as
described previously."

Response was assessed according to previously published cri-
teria. Briefly, complete remission was defined by the presence of
less than 5% blasts in the bone marrow with recovery of periph-

eral blood counts.” Induction-related or early mortality was
defined as all deaths within 4 weeks of initiating therapy.
Information on antecedent hematologic disorders”® or prior
chemotherapy or radiotherapy was collected. An antecedent
hematologic disorder was defined as an abnormality in blood
counts for at least 1 month before presentation at the MDACC.

Cytogenetic analysis was assessed by G-banding with at least
20 metaphases counted. FLT3-ITD and codon 835 point muta-
tions in the activation loop of the tyrosine kinase domain of FLT3
were assessed using genomic DNA extracted from bone marrow
aspirate specimens by polymerase chain reaction assays followed
by capillary electrophoresis, as described previously." Mutations
in NRAS and KRAS, and KIT genes were assessed by polymerase
chain reaction analysis followed by pyrosequencing, as described
previously."* A diagnosis of large granular lymphocytic leukemia
was based on four-color flow cytometry for T-cell and natural
killer-cell markers (CD3, CD4, CD8, CD56, and CDS57).
Determination of the paroxysmal nocturnal hemoglobinuria sta-
tus was based on flow cytometry of both red and white blood
cells for CD55/CD59 antigens.

Pathology review

All cases with hypocellular AML were reviewed by an inde-
pendent pathologist. Cases with bone marrow biopsy cellularity
of above 20% were excluded. Review included reading the
peripheral blood smears, bone marrow aspirate smear and the
bone marrow biopsies.

Statistical analysis

Wilcoxon’s rank sum test and Fisher’s exact test were used, as
appropriate, to assess differences in patients’ characteristics.
Overall survival and event-free survival were calculated from the
time of diagnosis until death or an event, respectively. An event
was defined as relapse after remission, failure to respond or death
from any cause. The duration of complete remission was calcu-
lated from the time of achieving the complete remission until
relapse. Kaplan-Meier methods were applied to generate overall
survival, event-free survival and complete remission duration
curves, while log-rank tests were used to assess the differences
between groups. Additionally, univariate and multivariate Cox’s
proportional hazard models were fitted to assess the impact of
the diagnosis of hypocellular AML and other parameters on
event-free survival, complete remission duration and overall sur-
vival. These parameters included age, history of antecedent
hematologic disorder, white blood cell count, platelet count,
hemoglobin, creatinine and bilirubin concentrations, history of
exposure to chemotherapy, cytogenetics (grouped into diploid,
-y/-5,-7, 11qg/others) performance status and treatment (grouped
as based on clofarabine, based on idarubicin + cytarabine, and
targeted). The grouping of hypocellular AML versus other AML
was retained in the final model irrespective of significance.

Results

Between January 2000 and December of 2009, 1342
patients were newly diagnosed with AML at the MDACC
based on WHO criteria.” One hundred and twenty-three
(9%) patients were diagnosed with hypocellular AML
based on a bone marrow cellularity of less than 20%. The
characteristics of the patients with hypocellular AML and
non-hypocellular AML are presented in Table 1. The
median age of the patients with hypocellular AML was 65
years (range, 19-88 years) and this group had a median
bone marrow cellularity of 15% (range, 4-20%). The



median white blood cell count was 1.7x10°/L (range, 0.2
x10?/L - 64.4x10°/L). Seven patients had a white count
greater than 10x10°/L and three of them had prior myelo-
proliferative neoplasm even though the diagnostic bone
marrow for AML did not show significant fibrosis. Only
four patients (3%) had an Eastern Co-operative Oncology
Group performance status of 3 or more, which reflects a
fairly functional cohort. Forty-six percent of the group (57
patients) had a diploid karyotype (or -Y), 28% (33
patients) had chromosome 5 and/or 7 abnormalities and
none had 11q deletions (metaphase recovery for cytoge-
netic analysis was inadequate in 9 patients). Among
patients with hypocellular AML, 41 had an antecedent
hematologic disorder: the diagnoses of these disorder
were myelodysplastic syndrome (n=18), non-Hodgkin’s
lymphoma (n=16), Hodgkin’s disease (n=2), multiple
myeloma (n=2) and myeloproliferative neoplasm (n=3).
Eleven patients had prior exposure to chemotherapy for
non-hematopoietic neoplasms (breast cancer, n=5;
prostate cancer, n=4, endometrial carcinoma, n=1;
osteosarcoma, n=1).

AML M2 according to the French-American-British
(FAB) classification, was the most common subtype,
accounting for 22% of cases, followed by M0 and M1 at
12% and 9%, respectively (Table 2). Interestingly 34
(28%) patients had a bone marrow blast percentage
between 20-29% (i.e. refractory anemia with excess blasts
in transformation according to the FAB classification).
From the molecular perspective, NRAS and KRAS gene
mutation analysis (codons 12, 18 and 61) was done in 104

Table 1. Patients’ characteristics.

Parameters h-AML Not h-AML P value
N=123 (9%) N=1219 (91%)
Cellularity (%)  Median (Range) 15(1,20) 80(25,100)  <.0001
Age, years Median (Range, ) 65(19,88) 62(14,89) 0.0091
AHD duration, ~ Median (Range) 3(1,348) 0(0,324) <.0001
months
WBCx10*/L Median (Range) 1.7(02,644) 5.6 (0.3433)  <.0001
PLTx10%L Median (Range) 57 (4,306) 52(2,787) 0.6420
Hb (g/dL) Median (Range) 8.7(3,142)  83(2,146)  <.0001
Creat (mg/dL)  Median (Range) 0.9 (05,19  0.9(03,6.8) 02454
Bilirubin (mg/dL) Median (Range) 0.5(022)  05(0.1,12.9) 0.1397
Cytogenetics Diploid,y 57(46%) 539(44%) 0.069
-5, -1 33(27%) 279(23%)
11q deletion 0(0%) 50(4%)
others 24(20%) 323(26%)
no analyzable metaphases 9 (7%) 28 (2%)
PS 0 25(21%) 225(18%) 0.735
1 76(62%) 718(59%)
2 18(15%) 223(18%)
3-4 4(3%) 53(4%)
Prior chemo No 91(74%) 1009(83%)  0.027
Yes 32(26%) 210(17%)
Treatment HDAC-based 84(68%) 784(64%) 0.332
Clofarabine-based 12(10%) 45(4%)
Others 27(22%) 390(32%)

N: number of patients; AHD: antecedent hematologic disease; WBC: white blood cell count; PLT:
platelets; Hb: hemoglobin; Creat: creatinine; Bili: bilirubin; PS: performance status; HDAC= high-
dose cytarabine; h-AML: hypocellular acute myeloid leukemia.

(85%) patients, of whom only two (2%) were positive for
a RAS mutation. On the other hand, of the 84 (63%)
patients who underwent FLT3 gene testing for ITD or
TKD mutations, two (2 %) were positive for FLT3-ITD and
another two (2%) were positive for an FLT3-TKD muta-
tion. As for large granular lymphocytic leukemia, flow
cytometry was performed in 40 patients, two of whom
were positive for a clonal T-cell expansion. None of the 15
cases checked for paroxysmal nocturnal hemoglobinuria
was positive.

Two-thirds of the patients (84 patients, 68%) received
high-dose cytarabine-based regimens, 12 (10%) patients
received intravenous clofarabine-based treatments and 9
(7 %) patients received a hypomethylating agent as induc-
tion. Seventeen patients received miscellaneous targeted
therapies. This distribution of treatment options is
remarkably similar to that of the patients with non-
hypocellular AML, as clofarabine- and hypomethylating
agent-based regimens are being tested in older patients
with AML at our institute. Sixty-six (54 %) patients of the
whole group with hypocellular AML achieved complete
remission or complete remission with incomplete recov-
ery of platelet count (CR/CRp). However, 36/57 (63%)
patients in the diploid cytogenetic group achieved
CR/CRp compared to 41% (14/33) of the patients with
monosomy 5/monosomy 7. The median complete remis-
sion duration for all patients with hypocellular AML was
49 weeks. Seventeen (14 %) patients died within the first 4
weeks of initiating therapy. Among patients with non-
hypocellular AML, the complete remission rate was 55%
(676/1219), the median complete remission duration was
41 weeks and the mortality rate in the first month was
13% (155/18). The median time to CR/CRp was 33 days
in both the hypocellular AML and non-hypocellular AML
groups.

When comparing the two cohorts (AML and hypocellu-
lar AML), patients with hypocellular AML were older
(P=0.009) and more likely to have had an antecedent
hematologic disorder (P<0.0001). In addition, patients
with hypocellular AML had lower white blood cell counts

Table 2. Patients’ distribution by FAB classification and mutation analysis.

N ) Total
FAB 123
M0 15 12
Ml 13 11
M2 35 28
M3 0
M4 3 2
M5 2 2
M6 3 2
M7 5 4
RAEB-T 47 38
Mutation Analyzed (N,% of total )
RAS 2 2 104 (77)
FLT3 84 (63)
ITD 2 2
TKD 2 2

N: number of patients; FAB: French-American-British; RAEB-T: refractory anemia with
excess blasts in transformation.
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(P<0.0001) and hemoglobin concentrations (P<0.0001) at
presentation. More patients with hypocellular AML
received prior chemotherapy for other malignancies (26%
versus 18%, P<0.027).

The median overall survival, event-free survival, and
complete remission duration for the hypocellular AML
group were 38, 13, and 49 weeks, respectively (Table 3)
and were not different from those of patients with non-
hypocellular AML (Figure 1). Fifty-five (45%) patients
with hypocellular AML were treated with idarubicin and
cytarabine and the CR/CRp rate in this cohort was 66%
with a median overall survival and event-free survival of
60 weeks and 35 weeks, respectively. Twelve (10%)
patients were treated with intravenous clofarabine with
or without cytarabine and their complete remission rate
was 83% with a median overall survival not reached and
an event-free survival of 47 weeks (statistically not better
than the cohort treated with idarubicin + cytarabine). The
cohort treated with clofarabine regimens was, however,
older than the cohort treated with idarubicin + cytarabine
(P=0.04) as older patients were enrolled into studies of
these regimens. On log-rank testing and multivariate
analysis (Table 4), hypocellular AML was not associated
with a difference in overall survival (P=0.81) (Figure 1A),
event-free survival (P=0.98) (Figure 1B) or complete

remission duration (P=0.62) compared to other patients
with AML.

Discussion

Hypoplastic AML can be challenging for both the
pathologist and the treating physician. This entity is seen
more frequently in older patients and patients tend to have
more profound presenting cytopenias. The limited pub-
lished information about the clinical and prognostic
parameters of this entity makes specific clinical recom-
mendations difficult.

Table 3. Clinical outcomes of patients with hypocellular (h-AML) and non
h-AML patients.

h-AML Non h-AML
N (%)
Number 123 1219
Complete remission 66 (54) 676 (55)
Early death (first 4 weeks) 17 (14) 155 (13)
Median event-free survival, weeks 13 16
Median overall survival, weeks 38 41

Table 4. Multivariate Cox’s proportional hazards model for overall survival
among all patients (N=1342).

P HR 95%Cl of HR
Group (other versus hypocellular) 0772 0970 0788  1.193
White blood cell count 0.040 0.998 0996  1.000
Prior chemotherapy (yes versusno)  0.095 0872 0.743  1.024

Treatment
(Clofarabine-based versus IA-based)  0.554 0942  0.774  1.147
(others versus [A-based) <0.0001 1.733 1498  2.006

IA: idarubicin and cytarabine.

Intuitively patients with hypocellular AML would be
expected to have more prolonged cytopenia after induc-
tion therapy but the median time to CR/CRp in our series
was not significantly different from that in the patients
with non-hypocellular AML.

The frequency of hypocellular AML has been reported to
be between 5-7% among all patients with AML. This is
based mainly on older reports, in which the definition of
AML required 30% of myeloblasts and the cellularity cut-
offs used to define hypocellular AML varied, ranging from
marrow cellularity of less than 20% to less than 50%,
while the current definition restricts it to less than 20%.
We, therefore, expected the true frequency of this entity to
be even lower. However, in our analysis, the frequency of
hypocellular AML turned out to be 9% of all AML cases.

Interestingly, nearly half the cases of hypocellular AML
were composed of secondary AML (either with an
antecedent hematologic disorder or prior history of
chemotherapy or radiotherapy). The marrow hypoplasia
also brings the additional difficulty of differentiating these
cases from hypocellular myelodysplastic syndromes and
aplastic anemia with marrow dysplasia. Several attempts
have, therefore, been made to establish guidelines for this
difficult diagnosis; some proposals included a count of at
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Figure 1. (A) Overall survival of patients with hypocellular acute
myeloid leukemia (h-AML) and non h-AML patients. (B) Event-free
survival of h-AML and non h-AML patients.




least 100 cells on the peripheral blood film if possible, per-
forming a 500-cell differential from bone marrow aspirate
if possible, and performing iron staining for assessment of
ring sideroblasts.” As for the bone marrow biopsy, assess-
ment for abnormal localization of immature precursors
(ALIP) with immunostaining for CD34/CD117, flow
cytometry for paroxysmal nocturnal hemoglobinuria
screening and standard cytogenetics and interphase fluo-
rescence in situ hybridization are suggested for the initial
work-up. Even complying with the above mentioned sug-
gestions, the concordance rate for diagnosis of hypocellu-
lar AML was only 57 %.° Our report is also subject to some
of the same limitations.

Our study tries to shed light on the cytogenetic and
molecular characteristics of hypocellular AML. In this
comparison, no difference was noted in the cytogenetic
abnormalities between patients with hypocellular AML
and those with non-hypocellular AML. However, from
the molecular aspect, there was a lower frequency of
RAS and FLT3 mutations (2% and 4%, respectively) in
patients with hypocellular AML. Indeed, this frequency
is more consistent with the low frequency of molecular
mutations in patients with myelodysplastic syn-
dromes.""® The low frequency of these mutations is not
unexpected as FLT3- and RAS-mutated myeloid malig-
nancies are expected to be more proliferative. In addi-
tion, 2/40 patients analyzed for large granular lympho-
cytic leukemia tested positive which again is more simi-
lar to the reported frequency in patients with myelodys-
plastic syndromes. Unfortunately very few of our
patients were screened for paroxysmal nocturnal hemo-
globinuria; none was positive.

Few differences were evident from the comparison of
patients with hypocellular AML and the other patients
with AML. Presenting cytopenias (leukopenia and anemia)
were more frequent among hypocellular AML and so was
prior exposure to chemotherapy. On the other hand, over-
all survival, complete remission duration and event-free
survival were not significantly different in the two groups
of patients. One possible explanation, put forward in
prior reports, is that the more indolent and slowly pro-
gressing nature of hypocellular AML offsets the possible
increased morbidity and mortality from the intense

chemotherapy.” Patients included in this analysis under-
went age-appropriate induction therapy and results sug-
gest that appropriately aggressive therapy and supportive
care delivered to these patients may play a role in equaliz-
ing their outcome with that of patients with non-hypocel-
lular AML. For example, the complete remission rate of
54% in our cohort is better than historical rates, such as
the 25% (2/8) in the report by Needleman.* Lastly better
supportive care in the contemporary period may have
contributed to an improved outcome in patients with
hypocellular AML.

Interestingly, 21 (17 %) patients older than 60 years of
age in the hypocellular AML group were treated with clo-
farabine or a hypomethylating agent with comparable
clinical outcomes to a younger cohort treated with idaru-
bicin + cytarabine. This is potentially of interest based on
improved survival data with hypomethylating agents in
patients with myelodysplastic syndromes.”" A prelimi-
nary report of improved outcome of older patients with
AML (not necessarily hypocellular AML) treated with a
regimen of clofarabine and low-dose cytarabine alternat-
ing with decitabine may also expand therapeutic options
for patients with hypocellular AML as rates of prolonged
cytopenias are expected to be low with such regimens.”

In summary, this report describes a cohort of patients
with hypocellular AML characterized by low bone mar-
row cellularity, prominent cytopenias, older age, a high
percentage of antecedent hematologic disorders or prior
chemotherapy/radiotherapy and a low frequency of pro-
liferative mutations. Better understanding of disease
biology and more comprehensive molecular characteri-
zation of disease is likely to result in better therapeutic
options.
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