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CLINICAL  CASE

Clonal heterogeneity in a patient with acute promyelocytic leukemia

M. Staneva , Y. Zhechev, A. Stoimenov, G. Balatzenko, M. Guenova
National Center of Hematology and Transfusiology, Sofia, Bulgaria

Summary

A 18-year-old man was diagnosed with acute pro-
myelocytic leukemia (APL). The conventional cytogenetic
analysis revealed normal karyotype 46, XY, t(15; 17).
Reverse transcriptase polymerase chain reaction (RT-
PCR) identified PML-RARa chimeric transcripts. Com-
plete remission (CR) was attained with 3 induction cours-
es of Ara-C, daunorubicin and all-trans retinoic acid
(ATRA). Three years later the patient relapsed. The blasts
in bone marrow aspirate at relapse had AML-M3 mor-
phology, and RT-PCR was positive for PML-RARa tran-

scripts. The patient was treated with ATRA and daunoru-
bicin without success. Two months later the blasts in bone
marrow aspirate showed AML-M2 morphology, the kary-
otype was 47, XY, +8 and RT-PCR revealed the presence
of AML1-ETO transcripts and absence of PML-RARa tran-
scripts. The patient attained second CR with 3 induction
courses –a course with Ara-C and daunorubicin and 2
courses with idarubicin, Ara-C and etoposide.
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Introduction

Acute promyelocytic leukemia is characterized
by specific clinical, cytogenetic and molecular features.
The t(15; 17) chromosomal translocation that fuses the
PML and RARa genes and creates the chimeric PML-
RARa gene is a genetic hallmark of APL. The molec-
ular abnormality is presented in the leukemic cells of
all patients and the blasts exhibit unique sensitivity to
the differentiating action of ATRA [1]. Because of this
sensitivity to ATRA, APL patients with t(15; 17) are
regarded as a favorable group among acute leukemia
patients with CR rates of 80-90%.

However, a subset of APL patients may present

atypical cytogenetic or molecular features at differ-
ent stages of the disease, with an incidence ranging
from 29% to 43% [2,3].

 The balanced translocation between chromo-
somes 8 and 21 that fuses the AML1 and ETO genes
and results in a AML1-ETO gene is typically detect-
ed in patients with acute myeloid leukemia (AML)-
M2 according to the French-American-British (FAB)
classification and more rarely in patients with AML-
M4 [4].

Trisomy 8 was the most frequent secondary
change reported in many studies – in about 25% from
t(15; 17) positive APL cases [5,6].

We report on a patient with clonal switch to
AML1-ETO-positive PML-RARa-negative AML-M2
with trisomy 8 as a sole cytogenetic abnormality,
which was observed shortly after the relapse of pri-
mary PML-RARa-positive APL.

Case presentation

In August 1998, an 18-year-old male presented
with epistaxis, gingival bleeding and petechiae. The he-
moglobin level was 76 g/l, the plateled count 10×109/l
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and the white blood cell count 5.1×109/l, with 57% blasts.
The diagnosis was made by standard morpho-

logical examination and cytochemical analysis of blood
and bone marrow smears according to the criteria
established by the FAB classification.

The metaphases chromosomes were prepared
from bone marrow cells after 24 h in vitro cultures
without stimulation, followed by routine harvesting and
G-banding. The karyotypes were reported according
to the ISCN [7].

RT-PCR for PML-RARa and AML1-ETO were
performed according to the recommendations and
following the protocols of BIOMED-1 Concerted
Action [8].

The bone marrow aspirate was hypercellular
with 83% blasts with typical AML-M3 morphology
(Figure1). The conventional cytogenetic analysis re-
vealed karyotype 46, XY, t(15; 17); RT-PCR identi-
fied PML-RARa chimeric transcripts.

CR was attained with 3 induction courses of
Ara-C (200 mg/m2, days 1-7) + daunorubicin (45 mg/
m2, days 1-3) and ATRA (45 mg/m2/d) for 60 days in
January 1999. The patient remained in CR until Jan-
uary 2002 with maintenance therapy with ATRA 45
mg/m2, 15 days every 3rd month.

In January 2002, the patient relapsed. The bone
marrow aspirate showed 34% blasts with M3 mor-
phology. RT-PCR was positive for PML-RARa tran-
scripts. The patient was treated with ATRA (45 mg/
m2/d) and daunorubicin (45 mg/m2 for 4 days) with-
out success.

In March 2002, the bone marrow aspirate con-
tained 54% blasts with AML-M2 morphology (Fig-
ure 2); the karyotype was 47, XY, +8. RT-PCR re-

vealed the presence of AML1-ETO transcripts and
absence of PML-RARa transcripts.

All previously taken samples were reexamined
by RT-PCR for the presence of AML1-ETO tran-
scripts. Negative results were observed in diagnostic
samples as well as in samples taken during the re-
mission period, but the samples from January 2002
were positive for AML1-ETO transcripts.

The patient attained second CR with 3 induc-
tion courses – a course of Ara-C (200 mg/m2, days
1-7) + daunorubicin (45 mg/m2, days 1-3) and 2 cours-
es with idarubicin (12 mg/m2, days 1-3) + Ara-C (200
mg/m2, days 1-7) + etoposide (75 mg/m2, days 1-7),
in July 2002. The maintenance therapy included ida-
rubicin (12 mg/m2, day 1) + Ara-C (200 mg/m2, days
1-5) every month, and ATRA 45 mg/m2, 15 days ev-
ery 3rd month. The molecular follow-up detected per-
sistence of AML1-ETO and absence of PML-RARa
transcripts.

The patient relapsed again in September 2003
with AML-M2 and died 2 months later.

Discussion

Although a majority of APL cases are charac-
terized by t(15; 17), leading to the formation of PML-
RARa fusion gene, additional cytogenetic or molecu-
lar abnormalities have been reported in some cases.

Co-expression of both markers (PML-RARa and
AML1-ETO) is a rare finding in AML and only few
such patients have been reported. In some cases PML-
RARa and AML1-ETO were detected at the onset of
the disease in cases of de novo chimeric M3: M2

 

Figure 1. Bone marrow aspirate in AML-M3 at diagnosis (May-
Grunwald-Giemsa ×1400).

 

Figure 2. Bone marrow aspirate in AML-M2 at relapse with an
Auer rod (arrow) (May-Grunwald-Giemsa ×1400).
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AML [9-12] or simultaneously in the one and same
AML-M2 cells [13]. In others, AML1-ETO transcripts
appeared as an additional molecular abnormality dur-
ing the relapse in PML-RARa-positive APL patients
[12,14].

Relapse of APL after successful ATRA/che-
motherapy treatment with a different subtype of AML
is a rare event.

In our patient only one leukemic population with
AML-M3 characteristics (blasts with typical M3
morphology, t(15; 17), PML-RARa transcripts) was
established at diagnosis. Three years later the patient
relapsed. The relapse was with AML-M3 character-
istics. Soon after the unsuccessful treatment of re-
lapse of primary PML-RARa-positive APL, a distinct
leukemic population with AML-M2 characteristics
(blasts with AML-M2 morphology, AML1-ETO tran-
scripts) was established. The karyotype was 47, XY,
+8 with PML-RARa-negative blasts.

This clonal heterogeneity at relapse is difficult
to interpret and raises several questions:

1. Whether the two molecular abnormalities
existed simultaneously at disease presentation or
AML1-ETO transcripts appeared in addition to PML-
RARa later, at the relapse of the primary APL.

2. Whether the relapse represents a single leu-
kemia cell clone bearing both molecular abnormali-
ties or two distinct clones characterized by one of the
markers each.

3. Whether the clone, which emerged at relapse,
represents a second leukemia.

It might be supposed that the AML1-ETO+
clone existed at diagnosis in a very low number of
cells as a silent “preleukemic clone” without final
transformation to malignancy until a second crucial
molecular event drove one of these cells to overt leu-
kemia [15]. This possibility is supported by the obser-
vation that low number of AML1-ETO+ cells are fre-
quently generated by permanent mutagenesis in a sig-
nificant proportion of adults without AML [16].

In our patients the relapse was characterized
by the presence of both fusion transcripts. However,
afterwards PML-RARa transcripts disappeared and
AML1-ETO remained the only molecular finding. Thus
it seems improbable that a malignant cell bears si-
multaneously both abnormalities, as it was reported
in another case earlier [13], and we suppose that the
detected AML1-ETO signal originated from a new
distinct clone.

The absence of AML1-ETO transcripts at di-
agnosis and in the samples taken during the first re-
mission as well as the different morphology of the
leukemic population (M2 versus M3), the cytogenet-

ic findings [+8 versus t(15; 17)] and the presence of
AML1-ETO transcripts at relapse support the hypoth-
esis that the relapse represented two distinct clones
characterized by one of the markers each. It might
be speculated that the combined ATRA/chemothera-
py at relapse eliminated or reduced the APL clone
but this therapy was ineffective for the progression
of the M2 clone.

It might be argued that our patient developed a
second AML-M2 simultaneously and independently.
What could be the cause of this second leukemia?

1. Therapy-related secondary leukemia?
It is reasonable to speculate that the secondary

leukemia may be therapy-related. Firstly, the patient
was exposed to drugs classically implicated in the
pathogenesis of therapy-related (t-) AML. Further-
more, the patient was found to carry trisomy 8 at
relapse, which is one of the most common unbalanced
chromosomal abnormalities observed in t-myelodys-
plasia and t-AML [17].

2. Clonal switch?
The second leukemia might represent a clonal

switch in the primary leukemia clone, since the con-
secutive cytological and molecular genetic examina-
tion revealed a shift from a composite M3: M2 mor-
phology with co-expression of both PML-RARa and
AML1-ETO transcripts towards a characteristic M2
morphology with persistence of AML1-ETO.

In conclusion, this case provides additional evi-
dence for the multistep mechanism of progression of
the disease, as well as the close association between
molecular and morphological abnormalities.

The co-existence of t(15; 17) with other specif-
ic translocations may provide useful information on
the level of cells from which leukemias originate.

Finally, the co-existence of different specific
translocations offers some data with prognostic rele-
vance.
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