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Molecular techniques in a case of concurrent
BCR-ABL1–positive CML and CMML
CAP TODAY and the Association for Molecular Pathology have teamed up to bring molecular case reports to CAP TODAY

readers. Here, this month, is case No. 6. (See the February, August, and September 2013 and the May and June 2014
issues for the first five.) AMP members write the reports using clinical cases from their own practices that show molecular
testing’s important role in diagnosis, prognosis, treatment, and more. Case report No. 6 comes from UT-MD Anderson
Cancer Center in Houston. If you would like to submit a case report, please send email to the AMP at amp@amp.org. For
more information about the AMP, visit www.amp.org.
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ing the genetic aberrations outlined in the
case report
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2008 WHO classification for each of these
neoplasms are clonal hematopoietic
distinct entities, using both cytogenetic
neoplasms that often share morphologic features. We
and molecular techniques, is essential for precise classification, prognosis, treatment, and/or minimal rereport a rare case of two concurrent myeloid neoplasms:
sidual disease monitoring.
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This case illustrates the essential role of advanced moPatient case
lecular testing to achieve an appropriate diagnosis,
A 74-year-old woman presented in 2008 with anemia,
prognosis, and therapeutic course.
thrombocytopenia, and leukocytosis with absolute
monocytosis. Her medical and surgical history included
Introduction
hysterectomy in 1979; modified radical mastectomy,
The 2008 World Health Organization classification of
chemotherapy, radiation therapy, tamoxifen, and letrozole for estrogen and progesterone-positive breast
myeloid neoplasms includes myeloproliferative neoplasms (MPN); myelodysplastic syndromes (MDS);
carcinoma diagnosed in 1997; partial colectomy for
myelodysplastic/myeloproliferative neoplasms (MDS/
diverticulitis in 2007; hypertension; hypothyroidism;
MPN); myeloid and lymphoid neoplasms with eosinoand hyperlipidemia. A complete blood count and bone
philia and abnormalities of PDGFRA, PDGFRB, or
marrow examination performed at an outside hospital
FGFR1; and acute myeloid leukemias. The MPN are
showed a myeloproliferative/myelodysplastic neoplasm best classified as chronic myelomonocytic leukecharacterized by a clonal proliferation of one or more
mia (Table 1). The patient received interval observaof the myeloid lineages and specifically include chronic
tional management only.
myelogenous leukemia, BCR-ABL1 positive (CML);
chronic neutrophilic leukemia; polycythemia vera; esIn October 2011, the patient developed progressive
sential thrombocythemia; primary myelofibrosis; chronleukocytosis, anemia, and thrombocytopenia. A CBC
ic eosinophilic leukemia; mastocytosis; and MPN, unand bone marrow examination showed a hypercellular
classifiable. MDS/MPN show myeloproliferative and
marrow (90 percent) with atypical megakaryocytic
dysplastic features and specifically include chronic
hyperplasia and dysgranulopoiesis. Conventional cytogenetic studies showed a complex karyotype includmyelomonocytic leukemia (CMML); juvenile myelo-
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ing t(9;22). FISH studies showed a BCR-ABL1 rearrangement. Molecular studies for the JAK2 V617F mutation were negative (Table 1). The patient was diagnosed
with chronic myelogenous leukemia, BCR-ABL1 positive. She was started on imatinib. Although she showed
significant leukoreduction, she did not have a complete
hematologic response, and she continued to have persistent anemia, thrombocytopenia, and monocytosis.
In April 2012, the patient was referred to our institution for further evaluation and management. Physical
examination showed no lymphadenopathy or hepatosplenomegaly. A CBC and bone marrow examination
showed a hypercellular marrow with nine percent
blasts, atypical megakaryocytic hyperplasia, mild dyserythropoiesis, monocytosis, and mild to moderate
reticulin fibrosis. Conventional cytogenetic studies
showed a complex karyotype including t(9;22) (Fig. A).
FISH studies showed a BCR-ABL1 rearrangement and
extra copies of the BCR-ABL1 fusion signal (Fig. B and
Table 1).
Despite the cytogenetic findings, a BCR-ABL1 fusion
transcript was not detected by real-time polymerase
chain reaction. Nested PCR studies for the BCR-ABL1

transcript revealed an alternative 166-bp BCR-ABL1
transcript (Fig. C), which Sanger sequencing demonstrated to be a B2A3 BCR-ABL1 fusion transcript with
partial deletion of exon 3 of ABL1 at the fusion junction.
A mutation in codon 12 of NRAS (NM_002524:
c.34G>Cp.G12R) was also identified (see Fig. D, page
56). Other molecular testing and sequencing results are
shown in Table 1.
Given the overall clinicopathologic history, the differential diagnosis using the 2008 WHO classification
was: 1) myeloproliferative/myelodysplastic neoplasm,
unclassifiable; 2) therapy-related myeloproliferative/
myelodysplastic neoplasm with acquisition of the Philadelphia (Ph) chromosome as a clonal evolution event;
and 3) CML and concurrent CMML.
Results of conventional cytogenetic, FISH, and BCRABL1 molecular studies were integral in establishing
an unequivocal diagnosis of CML, accelerated phase.
Furthermore, this case shows many clinicopathologic
features that are unusual for CML but support a diagnosis of CMML, including persistent monocytosis,
granulocytic dysplasia, and the presence of an NRAS
mutation. Hence, the patient was considered to have

Table 1. Summary of hematologic, cytogenetic, and molecular findings
Year and
diagnosis
2008
CMML
Oct. 2011
CML,
BCR-ABL1
positive

Peripheral blood analysis

Bone marrow
analysis

Cytogenetic
analysis

FISH

DNA sequencing

Hgb 7.8 g/dL, Hct 22.9%,
MCV 90.8 FL, WBC 22.3 K/µL
(neutrophils 88%, lymphocytes
3%, monocytes 8%),
PLT 72 K/µL

Hypercellular
(90%) with myeloid
hyperplasia and
dysplasia and
dyserythropoiesis

46,XX[20]

Not performed

Not performed

Hgb 13.3 g/dL, Hct 42.1%,
MCV 97.1 FL, WBC 30.9 K/µL
(neutrophils 82%, lymphocytes
15%, monocytes 3%),
PLT 15 K/µL

Hypercellular
(90%) with atypical
megakaryocytic
hyperplasia and
dysgranulopoiesis

47,XX,der(9)t(9;22)
BCR-ABL1 fusion
(q34;q11.2),
in 85.7% of nuclei
ider(22)(q10)
t(9;22)(q34;q11.2) examined
[18]/46,XX[2]

Hgb 11.2 g/dL, Hct 35.4%,
MCV 99 FL, WBC 16 K/
µL (promyelocytes 1%,
CML,
accelerated metamyelocytes 3%,
neutrophils 56%,
phase,
and CMML lymphocytes 12%,
monocytes 27%),
PLT 31 K/µL

April 2012

Feb. 2013
CML and
CMML

Pancytopenia

Hypercellular
(90%) with 9%
blasts, atypical
megakaryocytic
hyperplasia, mild
dyserythropoiesis,
monocytosis, and
mild to moderate
reticulin fibrosis
Hypercellular
(90%) with atypical
megakaryocytic
hyperplasia,
monocytosis,
mild myeloid
predominance,
and orderly
erythropoiesis

47,XX,der(9)
t(9;22)(q34;q11.2),
ider(22)(q10)
t(9;22),
+ider(22)(q10)
t(9;22)[3]/46,
XX[17]

BCR-ABL1 fusion
in 11.5% of nuclei
examined and
extra copies of the
BCR-ABL1 fusion
signal

47,XX,der(9)
t(9;22)(q34;q11.2),
ider(22)(q10)
Not performed
t(9;22)[1]/46,
XX[19]

Negative for a JAK2 V617F mutation

1) Alternative 166-bp B2A3 BCR-ABL1
fusion transcript
2) Mutation in codon 12 of NRAS
3) No mutations in NRAS (codons 13
and 61), KRAS (codons 12, 13, 61),
JAK2 (codon 617), or ABL1 kinase
domain of the BCR-ABL1 fusion
transcript (codons 221–421)

1) B2A3 BCR-ABL1 fusion transcript
2) No mutations in NRAS or KRAS

Abbreviations: fluorescence in situ hybridization, FISH; hemoglobin, Hgb; hematocrit, Hct; mean corpuscular volume, MCV; white blood cell count, WBC; platelets, PLT.
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monocytosis (>1x109/L) in the peripheral blood; 2) absence of a Ph
chromosome and BCR-ABL1 fusion
gene; 3) no rearrangement of PDGFRA or PDGFRB; 4) fewer than 20
percent blasts in the peripheral blood
and bone marrow; and 5) dysplasia
involving one or more myeloid lineages. CMML can be diagnosed in
the absence of convincing myelodysplasia if all other requirements are
met and an acquired, clonal cytogenetic, or molecular genetic abnormality is present. A CMML diagnosis can
also be made if monocytosis persists
for at least three months and all other
causes of monocytosis have been
excluded. Although clonal cytogeFig. A. Conventional cytogenetic studies show a complex karyotype: 47,XX,der(9)t(9;22)(q34;q11.2),
netic abnormalities are found in 20
ider(22)(q10)t(9;22),+ider(22)(q10)t(9;22)[3]/46,XX[17].
percent to 40 percent of patients with
CMML, none are specific or diagnostwo separate diseases, CML and CMML, and was
tic. Up to 40 percent of cases exhibit RAS point mutations at diagnosis or during the disease course. Thus,
started on nilotinib and decitabine. After five months,
molecular testing for ABL1, PDGFRA, PDGFRB, and
nilotinib was discontinued owing to pancytopenia.
RAS mutations is important.
Follow-up peripheral blood, bone marrow, cytogenetic,
CML is a myeloproliferative neoplasm that is associand molecular findings from February 2013 are shown
ated with the BCR-ABL1 fusion gene in an abnormal
in Table 1. To date, the patient has been receiving maintenance therapy with decitabine and is being monitored
myeloid bone marrow stem cell. Approximately 95
for persistent anemia and thrombocytopenia.
percent of CML cases at diagnosis have the characteristic t(9;22)(q34;q11.2) that results in the Ph chromosome. This translocation juxtaposes BCR on chromoDiscussion
Myeloproliferative neoplasms are
characterized by the clonal proliferation of one or more of the myeloid
lineages and typically occur in patients in the fifth to seventh decades
of life. MDS/MPN include clonal
myeloid neoplasms that pre-sent
with morphologic findings consistent
with MPN as well as dysplastic features that support a diagnosis of
MDS. There is frequent morphologic
overlap between these distinct neoplasms. Thus, a comprehensive clinical, morphologic, and molecular genetic evaluation should always be
performed to facilitate accurate classification, appropriate treatment, and
subsequent monitoring of minimal
residual disease.
Fig. B. Interphase and metaphase FISH studies showed: A nuclear fusion signal with an extra red signal in
CMML is a clonal hematopoietic 1.5 percent of the interphases indicating Ph+ cells; two nuclear fusion signals in two percent of interphases
neoplasm with both myeloprolifera- indicating Ph+ cells with an extra copy of the BCR-ABL1 gene fusion; four nuclear fusion signals in eight
tive and myelodysplastic features. It percent of interphases indicating Ph+ cells with three extra copies of the BCR-ABL1 gene fusion; 88.5
is characterized by 1) persistent percent of the cells were Ph negative.
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monitoring in CML. Conventional
cytogenetics can detect the Ph chromosome and other chromosomal
changes associated with advancedphase disease. However, more sensitive molecular techniques such as
FISH are needed for MRD testing.
FISH is a more sensitive method to
detect the BCR-ABL1 fusion and has
the advantage of routinely interrogating 50 to 200 metaphase or interphase cells. The most sensitive MRD
assay is RT-PCR for the chimeric
BCR-ABL1 mRNA. This assay can
detect one CML cell in approximately
100,000 to 1 million cells and is the
backbone for MRD assessment and
clinical management.
Despite the well-documented
success of imatinib in chronic-phase
Fig. C. Nested PCR studies for the BCR-ABL1 transcript showed an alternative 166-bp BCR-ABL1 transcript.
CML, imatinib resistance inevitably
occurs. This resistance typically resome 22 with regions of ABL1 on chromosome 9. The
sults from point mutations in ABL1,
remaining five percent of CML cases show either variant
which blunt imatinib’s ability to inhibit the aberrant
BCR-ABL1 kinase activity. Thus, CML patients receivtranslocations involving chromosomes 9 and 22 with
ing imatinib who show either loss of response or
other additional chromosomes or cryptic translocation
disease progression are assessed for ABL1 tyrosine
of 9q34 and 22q11.2. In all cases, the translocation results
kinase domain mutations via DNA sequencing techin the BCR-ABL1 fusion transcript. The transcript has
niques. If a mutation is present, imatinib is usually
enhanced tyrosine kinase activity and is responsible for
replaced with a second- or third-generation tyrosine
constitutive activation of several signal transduction
kinase inhibitor.
pathways and the leukemic phenotype of CML cells.
Elucidation of abnormal signaling in CML cells led to
Conclusion
the design and synthesis of small molecule therapies,
Given the frequent morphologic overlap between distinct
such as imatinib, that target the abnormal tyrosine kinase activity of the BCR-ABL1 transcript.
myeloid neoplasms, a comprehensive clinicopathologic
Cytogenetic and molecular testing in CML is integral
evaluation is essential for precise classification, diagnosis,
to diagnosis and minimal residual disease (MRD) moniand treatment. This case emphasizes the significance and
toring. Conventional chromosome analysis is essential
utility of multimodal molecular genetic testing to achieve
for diagnosis and treatment since it establishes the presan appropriate diagnosis, prognosis, and therapeutic
ence of the Ph chromosome in greater than 95 percent
course in a patient with CML and CMML.
of cases. It is also necessary for evaluation of disease
1. Borowitz MJ, Bene MC, Harris NL, Porwit A, Matutes E. Chronic
progression, as it is the only method that can identify
myelogenous leukaemia, BCR-ABL1 positive. In: Swerdlow SH,
the presence of clonal evolution, which is one of the
Campo E, Harris NL, et al., eds. WHO Classification of Tumours
WHO criteria for CML, accelerated phase. Additional
of Haematopoietic and Lymphoid Tissues. 4th ed. Lyon, France:
FISH and/or RT-PCR techniques are necessary to idenInternational Agency for Research on Cancer; 2008:32–37.
tify variant chromosomal abnormalities and establish
2. Borowitz MJ, Bene MC, Harris NL, Porwit A, Matutes E. Chronic
a baseline BCR-ABL1 fusion transcript level for future
myelomonocytic leukaemia. In: Swerdlow SH, Campo E, Harris
MRD monitoring.
NL, et al., eds. WHO Classification of Tumours of Haematopoietic
and Lymphoid Tissues. 4th ed. Lyon, France: International Agency
MRD assessment is critical in treatment stratification
for Research on Cancer; 2008:76–79.
and prognostication in CML patients. Unlike normal
hematopoietic cells, all CML cells harbor the Ph chromo3. Muramatsu H, Makishima H, Maciejewski JP. Chronic myelosome. Thus, the Ph chromosome is a unique genetic
monocytic leukemia and atypical chronic myeloid leukemia: novel
pathogenetic lesions. Semin Oncol. 2012;39(1):67–73.
fingerprint that, once detected, forms the basis of MRD
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Fig. D. Pyrosequencing analysis of codons 12, 13, and 61 of NRAS. A mutation detected in codon 12 of NRAS (NM_002524: c.34G>Cp.G12R). No mutations
detected in codons 13 or 61.
4. Bacher U, Haferlach T, Schnittger S, Kreipe H, Kröger N. Recent
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myelomonocytic leukaemia. Br J Haematol. 2011;153(2):149–167.
5. Baccarani M, Saglio G, Goldman J, et al. Evolving concepts in the
management of chronic myeloid leukemia: recommendations from
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2006;108(6):1809–1820.
6. O’Brien S, Berman E, Bhalla K, et al. Chronic myelogenous leukemia.
J Natl Compr Canc Netw. 2007;5(5):474–496.
7. Kantarjian H, Schiffer C, Jones D, Cortes J. Monitoring the response
and course of chronic myeloid leukemia in the modern era of BCRABL tyrosine kinase inhibitors: practical advice on the use and
interpretation of monitoring methods. Blood. 2008;111(4):1774–1780.
8. Khorashad JS, de Lavallade H, Apperley JF, et al. Finding of kinase
domain mutations in patients with chronic phase chronic myeloid
leukemia responding to imatinib may identify those at high risk of
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Test yourself

case report

Here are three questions taken from the case report. Answers are online now at www.amp.org/casereviews and will be
published next month in CAP TODAY.
1. Which of the following molecular techniques is critical for the diagnosis and minimal residual disease
monitoring of CML, BCR-ABL1 positive?
a) Conventional cytogenetics
b) Real-time PCR
c) FISH
d) PCR-based DNA sequencing
e) All of the above
————————————————

2. Which of the following molecular techniques is most
commonly utilized to detect ABL1 tyrosine kinase
domain point mutations?
a)
b)
c)
d)
e)

Conventional cytogenetics
FISH
Southern blot analysis
PCR-based DNA sequencing
Real-time PCR
————————————————

3. Molecular testing of which of the following genes
is integral to establishing the diagnosis of CMML?
a)	PDGFRA
b) PDGFRB
c) BCR-ABL1 rearrangement
d) RAS
e) All of the above
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