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Chronic Myeloid Leukemia with a Complex Variant ‘Ph'Translocation That
Develops in Breast Carcinoma, Postchemotherapy: A Rare but Treatable
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We report a case of chronic myeloid leukemia (CML) that devel-
oped after postoperative chemotherapy with cyclophosphamide,
doxorubicin and 5-fluorouracil (CAF) for breast cancer. A
55-year-old woman was diagnosed with invasive ductal carcino-
ma which was treated with a modified radical mastectomy fol-
lowed by six cycles of CAF chemotherapy. Nine years later, she
developed CML and locoregional recurrence. Her breast recur-
rence showed strong estrogen receptor, weak progesterone re-
ceptor and strong human epidermal growth factor 2 (score 3+)
expression. Her secondary CML in the chronic phase showed a

complex variant translocation (CVT) involving chromosomes 9,
22, and 17. Considering that the HER2/neu gene is also located
on chromosome 17, this secondary CML in chronic phase with
CVT is indeed a rare occurrence. We discuss the associated ge-
netic factors and the possible role of breast cancer chemo/ra-
diotherapy in the development of such CML as well as its treat-
ment and prognosis compared with de novo CML.
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INTRODUCTION

Chronic myeloid leukemia (CML) accounts for a small per-
centage of secondary leukemias. Secondary leukemias that
develop after invasive ductal carcinoma treatment are mostly
acute myeloid leukemia (AML) and myelodysplastic syn-
drome (MDS). There is a 1% to 5% lifetime risk of developing
therapy-related myeloid neoplasms (t-MN) after breast cancer
treatment [1]. We report a rare case in which CML with a
complex variant translocation (CVT) developed after post-
operative chemotherapy for breast cancer.

CASE REPORT

A 55-year-old postmenopausal woman presented at our
oncology tertiary referral center with a right sternal hard
swelling that had increased in size over the past 2 months and
measured 2x2 cm. She underwent a right modified radical
mastectomy 9 years previously for invasive ductal carcinoma
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and received six cycles of chemotherapy with cyclophospha-
mide, doxorubicin and 5-fluorouracil (CAF). Fine needle as-
piration cytology of a chest wall nodule revealed features of
ductal carcinoma. The patient’s complete blood count at pre-
sentation was 9.3 g/dL hemoglobin, the white blood cell
(WBC) count was 92.14 x 10°/uL and the platelet count was
675x 10°/uL. A peripheral blood smear had a differential leu-
cocyte count of 9% myelocytes, 17% metamyelocytes, 72%
neutrophils, 1% lymphocytes, and 1% eosinophils. The possi-
bility of a chronic myeloproliferative neoplasm was consid-
ered. Contrast-enhanced computed tomography revealed a
metastatic lesion involving the sternum with right internal
mammary, pretracheal and paratracheal lymphadenopathy.
Analysis of a trucut biopsy from the chest wall resulted in a
diagnosis of infiltrating ductal carcinoma- not otherwise
specified, grade 2 (Figure 1A). Hormone receptor studies re-
vealed strong nuclear estrogen receptor positivity in >90% of
tumor cells and weak nuclear progesterone receptor positivity
in 1% of tumor cells. Human epidermal growth factor 2
(HER?2) was strongly positive with a-score of 3+ (Figure 1B).
Bone marrow aspiration and biopsy indicated chronic
myeloproliferative neoplasm, and more specifically chronic
myeloid leukemia in chronic phase (CML-CP) (Figure 1C).
Chromosomal analysis using conventional cytogenetics
showed complex reciprocal translocation between the long
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Figure 1. Microscopic findings and karyotyping. (A) Trucut biopsy sternal mass: recurrent duct carcinoma, breast (H&E stain, x200). (B) Immunohis-
tochemistry (IHC) for human epidermal growth factor receptor 2 (HER2), sternal mass shows 3+ positivity (HC for HER2, x400). (C) Bone marrow
aspirate: chronic myeloid leukemia chronic phase, showing myeloid preponderance (May-Griinwald-Giemsa stain, x400). (D) G-banded karyotyping:
chronic myeloid leukemia with complex variant translocation involving chromosomes 9, 22, and 17.

arms of chromosomes 9 and 22 and the short arm of chromo-
some 17, between regions q34, q11.2, and p12. This was sug-
gestive of “Ph” positive chromosome (variant) complement
(karyotype: 46,XX,t[9;22;17][q34;q11.2;p12]) (Figure 1D).
The patient’s white blood cell count gradually increased from
92.14 x 10°/pL at presentation to 237.78 x 10°/uL- 10° has to be
superscripted not subscripted.

The patient received docetaxel, carboplatin and ifosfamide-
based chemotherapy and hormonal therapy in the form of
tamoxifen for the chest wall recurrence of ductal carcinoma
and imatinib in tablet form for CML. The chest wall nodule
responded to three cycles of chemotherapy, as confirmed by
contrast-enhanced computed tomography. The patient re-
ceived 45 Gy in 10 fractions by external beam to the right
chest wall followed by 15 Gy in five fractions as a boost to the
chest wall nodule. Her CML responded to imatinib as she
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achieved a hematological response in 3 weeks of treatment
and had undetectable minimal residual disease based on real-
time polymerase chain reaction (PCR) analysis within 1 year.

DISCUSSION

Breast cancer treatment has been associated with a 1% to
5% lifetime risk of t-MN [1]. The most common types of
t-MN in the World Health Organization classification include
AML, MDS, and myelodysplastic/myeloproliferative neo-
plasms, with the postcytotoxic ther apy incidence of CML be-
ing markedly lower [2].

CML is described as a carcinogenic effect of ionizing radia-
tion, especially in atomic bomb survivors [3]. CML that de-
velops after breast cancer treatment is rare. Two patients with
CML in a registry cohort analysis of 5,790 breast cancer pa-
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tients presented with stage I disease and were treated with
surgery and radiation without chemotherapy, thus implicating
the role of radiotherapy [4]. The risk associated with radiation
was significant even for radiotherapy limited to the breast, as
seen in a case control study including 182 AML and MDS pa-
tients and 534 matched controls [5]. Radiation can be exclud-
ed as a risk factor in our case as the patient only received
CAF-based chemotherapy postsurgery.

Secondary leukemias that develop after breast cancer treat-
ment are mostly AML and MDS. Amongst chemotherapeutic
agents, topoisomerase-II inhibitors (mitoxantrone, anthracy-
clines, and epipodophyllotoxins) are significantly associated
with an increased risk of developing these leukemias, as com-
pared with alkylating agents such as cyclophosphamide. The
association between anthracyclines and AML/MDS is of ma-
jor importance because anthracycline based chemotherapy is
currently the gold standard for breast cancer treatment [5]. In
contrast radiation and chemotherapy might have a synergistic
effect in the development of secondary AML/MDS, as pro-
posed in a previous study [4].

Therapy-related CML cases are increasing, however, only a
handful of cases of CML in patients treated for breast cancer
have been reported [4,6-8]. In a study of 15 cases of secondary
CML at the Memorial Sloan-Kettering Cancer Center, New
York, 12 patients received adjuvant radiation, 11 received ad-
juvant chemotherapy, and 15 received both therapies to the
breast. The cumulative dose of anthracycline was 240 mg/m?
while that for alkylator was 4,800 mg/m” [8]. In another such
case report, two patients received cyclophosphamide, epirubi-
cin/doxorubicin (anthracycline) as chemotherapy with axil-
lary radiation applied in one case [7]. Our patient received
CAF-based chemotherapy without radiation, thus implicating
the role of chemotherapy in the development of secondary
CML.

A classical Ph translocation t(9;22)(q34;q11.2) is observed
in the majority of CML patients, with only 5% to 10% having
variant Ph translocations. These variants are classified as sim-
ple variants involving chromosome 22 and a chromosome
other than 9, or as complex variants that involve chromo-
somes 9, 22, and 1 or more other chromosomes [9]. Mole-
cular methods or fluorescence in situ hybridization can be used
to detect breakpoint cluster region-Abelson murine leukemia
viral oncogene homolog 1 (BCR-ABLI) rearrangement in al-
most all cases with the variant Ph chromosome. In our case,
the patient had CVT involving chromosomes 9, 22, and 17
which was detected using G-banded karyotyping.

Recurrent invasive ductal carcinoma in this case was found
to be strongly HER2 positive using immunohistochemistry,
which is associated with HER2/neu gene amplification on
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chromosome 17 [10]. The peculiarity of this case was the si-
multaneous relapse of invasive ductal carcinoma as bony me-
tastasis and the development of secondary CML with CVT
involving chromosome 17, which also harbors the HER2/neu
gene. To the best of our knowledge, this is the first such re-
ported case in the literature. Two such cases have been report-
ed where breast cancer recurred as vertebral metastasis: how-
ever the concurrent CML had a typical “Ph” chromosome on
cytogenetic analysis [7].

Imatinib was used as a frontline therapy in the treatment of
CML-CP that developed after breast cancer treatment [7,8]. A
large series of 559 early CML-CP patients treated with ima-
tinib as a frontline therapy, which included 30 patients with
variant translocations, concluded that the clinical characteris-
tics and outcome of patients with variant Ph translocations are
similar to those of patients with classic Ph translocations. The
same study showed that patients with variant translocations
do not constitute a “warning” category in the imatinib era
[11]. We also observed this finding as our patient achieved a
hematological response in 3 weeks of treatment and had un-
detectable minimal residual disease according to real-time-
PCR within 1 year.

To conclude, we therefore infer that breast cancer chemo-
therapy (CAF) may have an independent role in the develop-
ment of CML, independently of the well- recognized role of
radiation. Hence, complete blood counts should be assessed
in the follow-up of all breast cancer patients after treatment.
The present case showed that imatinib therapy was as effective
for secondary CML with CVT as it is for de novo CML, and
that clinical and biological characteristic did not significantly
differ between the two diseases. The exact pathogenesis of
CML after adjuvant treatment for breast cancer and the rea-
son why patients more commonly develop t-AML require
further investigation.
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