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A Case of Therapy-Related Acute Myeloid Leukemia 
in a Patient With Heterozygous Mutations in the Ataxia 

Telangiectasia Mutated Gene
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Abstract

Use of adjuvant chemotherapy has improved survival for many pa-
tients with breast cancer. Unfortunately, such treatment can come at 
a price, in particular, malignancies. We present a case of a 36-year-
old woman with heterozygous mutations in the ataxia telangiectasia 
mutated (ATM) gene who was admitted to the hospital for fatigue and 
diffusely scattered bruises. She was diagnosed with invasive ductal 
carcinoma of the left breast and had bilateral mastectomy with axillary 
node clearance followed by adjuvant chemotherapy 3 years prior. Her 
vitals were stable. Lab tests revealed thrombocytopenia, leukocytosis, 
and anemia. Peripheral blood smear and bone marrow biopsy revealed 
numerous myeloblasts. After flow cytometry and FISH analysis were 
performed, a diagnosis of therapy-related acute myeloid leukemia (t-
AML) was made. The patient was treated with induction chemothera-
py and a bone marrow biopsy revealed residual disease. Re-induction 
therapy was given and a bone marrow biopsy revealed complete re-
mission. She subsequently received an allogenic stem cell transplant 
and was cured. Her treatment course was uncomplicated. We raise the 
question as to whether certain chemotherapy agents should be avoided 
in patients with mutations in DNA repair genes. Furthermore, it is es-
sential for physicians to educate patients on the risk of secondary ma-
lignancies arising from chemotherapeutic treatment.
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Introduction

Breast cancer is the second leading cause of cancer deaths 

among women of all races. Adjuvant therapy for breast can-
cer is proven to decrease risk of relapse and improve survival. 
Unfortunately, for some patients, chemotherapy may lead to 
leukemic syndromes in the future. Treatment with agents that 
cause DNA damage in patients with known genetic mutations 
in genes responsible for the DNA repair process may increase 
the risk of developing malignancies. Therapy-related acute 
myeloid leukemia (t-AML) represents a risk that patients un-
dergoing certain chemotherapy face and unfortunately carry a 
poorer prognosis than de novo disease [1]. Even though a caus-
al relationship between cytotoxic agents and leukemia is im-
plied, the mechanism remains to be unproven. However, in this 
case of t-AML, the patient’s mutations in the ATM gene must 
also be emphasized. This case highlights the potential dangers 
from adjuvant therapy in patients with susceptible genetic mu-
tations and why it is essential for patients and physicians to 
understand the risks and benefits of adjuvant chemotherapeutic 
treatment for breast cancer. Furthermore, we question whether 
such patients should receive alternative chemotherapy regi-
mens to reduce the risk for t-AML, specifically anthracycline-
induced AML.

Case Report

A 36-year-old woman had bilateral mastectomy and axillary 
node clearance for a T2N1M0 invasive ductal carcinoma of 
the left breast which was grade 3 and ER/PR positive, HER-
2/neu receptor negative. Her family history revealed that her 
maternal grandmother, paternal grandmother, and paternal 
grandfather were diagnosed with breast cancer at the age of 70 
years, ovarian cancer at the age of 83 years, and lymphoma at 
the age of 79 years, respectively. On genetic screen after her 
diagnosis, she was found to have c.1229T>C (p.Val410Ala) 
and c.6067G>A (p.Gly2023Arg) heterozygous mutations in 
the ataxia telangiectasia mutated (ATM) gene. She received 
adjuvant chemotherapy that consisted of four doses of doxoru-
bicin and cyclophosphamide followed by paclitaxel and tras-
tuzumab. She was put on adjuvant hormone therapy. Approxi-
mately 3 years after beginning treatment for breast cancer, the 
patient presented to the hospital with extreme fatigue and easy 
bruising. She was found to have platelet count of 21,000/µL 
(150,000 - 350,000), WBC of 13,380/µL (4,000 - 10,400), and 
hemoglobin of 6.5 g/dL (11.7 - 15.0). Blood smear showed 
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approximately 20% of WBC composed of myeloblasts of high 
nucleus-to-chromatin ratio and hypolobular and hypogranular 
neutrophils. Flow cytometry of peripheral blood demonstrated 
24.7% blasts positive for CD45 and co-expression of CD33, 
CD13, CD117, CD34, CD64, CD14, CD11c, CD10, CD2, 
and MPO. Bone marrow aspirate revealed 34.5% myeloblasts 
and 41.5% segmented and band neutrophils in a hypercellular 
background (Figs. 1 and 2). FISH analysis showed rearrange-
ment in the mixed-lineage leukemia gene (MLL) with t(11;19)
(q23;p13.1) in 76.4% of nuclei. The patient was diagnosed 
with therapy-related acute myeloid leukemia (t-AML) and 
was treated with the “7+3” induction chemotherapy regimen 
that consisted of a combination of daunorubicin (60 mg/m2 per 
day) for 3 days combined with cytarabine (100 mg/m2 per day) 
for 7 days without complications.

After 16 days, a bone marrow biopsy was performed, 
which revealed a hypercellular marrow with 68% myeloblasts 
and 15% erythroblasts. Peripheral blood smear revealed leu-
kopenia without circulating blasts. She subsequently under-
went CLAG re-induction therapy, which consisted of 6 days 
of filgrastim (G-CSF) 300 mg and cladribine (5 mg/m2) for 5 
days followed by one dose of cytarabine (2,000 mg/m2). Mi-
toxantrone was held due to her increased lifetime exposure to 
anthracyclines. A bone marrow biopsy performed after 30 days 
revealed normal maturation of all cellular components with 
2.0% blast cells and a peripheral blood smear showed no circu-
lating blast cells. FISH analysis no longer revealed rearrange-
ments in the MLL gene. Complete remission of acute leukemia 
was achieved in this patient. She subsequently underwent an 
allogenic stem cell transplant without complications and was 
cured.

Discussion

The ATM gene is located on chromosome band 11q22.3 and 
belongs to a protein family known as the PI3K-protein-related 
protein kinases (PIKK). ATM has multiple functions through 
the p53 tumor-suppressor protein including recognition of 

damaged DNA, recruitment of repair proteins, repair of DNA 
regulation of transcription, and activation of apoptosis. Biallel-
ic inactivation of the ATM gene causes ataxia-telangiectasia, a 
neurodegenerative disorder characterized by cerebellar ataxia, 
dysarthria, and 10-20% increased risk of cancers, including 
leukemias, lymphomas, and various carcinomas including 
breast, liver, and lung [2, 3]. Specifically, it has recently been 
estimated that ATM mutation heterozygosity is associated with 
breast cancer with relative risk of 2.37 (95% CI: 1.51 - 3.78) 
[4]. A variety of ATM germline variants have been document-
ed in patients with a family history of breast and hematologic 
malignancy, especially T-cell acute lymphocytic leukemia (T-
ALL) and prolymphocytic leukemia (T-PLL) [5]. For example, 
the p.Gly2023Arg mutation has been documented previously 
in T-PLL and is known to be a highly penetrant, deleterious 
missense mutation leading to a truncated protein [6]. However, 
p.Val410Ala, likely to be a missense variant as seen in this 
patient, is of unknown significance to date. More importantly, 
genes involved in DNA repair influence both a patient’s cancer 
susceptibility and response to chemotherapy treatment.

Most cases of AML occur de novo and approximately 50-
60% patients present with chromosome abnormalities [6, 7]. 
Approximately 10-15% of AML cases arise after chemotherapy 
treatment and/or radiation for other primary malignancies [8]. 
Overall, patients exposed to previous chemotherapy for other 
malignancies are much more likely than the general population 
to develop leukemia [9]. Regarding breast cancer specifically, 
compared to breast cancer cases treated with surgery alone, the 
subset of breast cancer survivors treated with adjuvant chemo-
therapy and radiotherapy have an increased risk of developing 
myelodysplastic syndrome (MDS) or AML after 3 years [10]. 
Young age survivors, especially those aged 20 - 49, have been 
found to have the highest relative risk among all women [11]. 
While the overall risk is small when compared to the general 
population, MDS/AML is a serious condition that requires the 
patient’s attention, especially younger women.

Unfortunately, the overall prognosis of t-AML is poor. 
The median survival is less than 1 year and shorter than pa-
tients with de novo AML [1]. In t-AML, 85-90% patients have 

Figure 1. Hypercellular bone marrow with myeloblasts (× 20 magnifica-
tion).

Figure 2. Myeloblasts with high nucleus to cytoplasm ratio (×100 mag-
nification).
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detectable chromosome abnormalities similar to AML de novo 
and oftentimes, these cytogenetic changes can be directed 
to previous exposure of chemotherapeutic agents with well-
understood mechanisms of action [12-14]. In other studies, 
it has been reported that patients with t-AML tend to have 
more unfavorable cytogenetics more often compared to pa-
tients with de novo AML [1]. Deletions or loss of chromosome 
band 7q and abnormalities in chromosome 5 along with addi-
tional chromosome aberrations have been observed following 
therapy with alkylating agents in t-AML and generally carry a 
poor prognosis (Table 1) [12-16]. Mutations of the TP53 gene 
are very common in these pathways. Other mutations such as 
inv(16), chimeric rearrangement between the PML and the 
RARA genes, and rearrangement of the AMLI (CBFA) on 
chromosome 21q22 and CBFB at 16q22 have been observed 
in therapy related to topoisomerase II inhibitors, specifically 
anthracyclines, and carry varying prognosis [17-19]. Other 
regimens that include an anthracycline or cyclophosphamide 
carry an increased risk for MDS/AML [10]. Even though the 
risk is small, t-AML still warrants consideration when adju-
vant therapy is required for breast cancer patients.

Unfavorable balanced translocations involving the KM-
T2A proto-oncogene on chromosome band 11q23, which 
codes for the mixed-lineage leukemia (MLL) enzyme, have 
been documented to be more frequent in t-AML than de novo 
AML, especially in woman younger than 60 years of age [20, 
21]. The mixed-lineage leukemia enzyme is a histone meth-
yltransferase that is critical for regulating gene expression 
during hematopoiesis. The fusion of MLL with other proteins 
results in oncogenic gene products that trigger faulty self-re-
newal of stem cells leading to leukemia. Cases of t-AML with 
MLL rearrangement are rarely preceded by t-MDS and often 
occur within 2 - 3 years of cytotoxic therapy, as in our case. 
Our patient had doxorubicin-induced balanced translocation, 
t(11;19)(q23;p13.1), which has only been previously observed 
in myeloid malignancies in adults over 40 years of age [20, 
21]. Such abnormality in t-AML often presents with rapidly 
progressive leukemia that is usually more responsive to initial 
induction chemotherapy, but the prognosis is poor compared to 

those with t(9;11) mutations. According to a study conducted 
on chromosome band 11q23 abnormalities in hematological 
malignancies, 50% of patients t(11;19)(q23;p13.1) died within 
2 years of diagnosis [22]. Allogeneic bone marrow transplan-
tation (BMT) may be an option. In a long-term study of 70 
patients who underwent BMT for t-MDS or t-AML, the es-
timated mortality rate within 2 years was 49% (95% CI: 36-
62%) [23]. Currently, there is limited evidence, and more stud-
ies are required to evaluate the success rate of allogeneic HCT 
to cure t-AML.

Induction of tumor death by radiation and chemotherapy 
can cause DNA double-strand breaks (DSBs), leading to ge-
netic arrangements in patients with mutations in genes for the 
DNA repair process, such as the ATM gene, that are difficult 
to repair. Recently, ATM abnormalities have been found in 
chronic lymphocytic leukemia (CLL) de novo [24]. In a previ-
ous study, it was reported that ATM mutations were detected 
in 16% patients, and all mutated CLL cells demonstrated ATM 
defects (impaired regulation in the p53 pathway) after doxo-
rubicin exposure or radiation exposure. ATM mutations were 
detected in patients with 11q deletion after doxorubicin treat-
ment, further demonstrating that ATM dysfunction may have a 
functional impact on other genes [24]. Hindered repair events 
in MLL translocations may result in a full spectrum of onco-
genic events commonly identified in leukemic samples such 
as tandem duplications, deletions, inversions and insertions 
[25]. Since ATM is normally responsible for activating the 
p53 protein and up-regulating genes involved in apoptosis and 
repairing double-strand breaks, mutations in the ATM gene, 
as seen in our patient, increase the risk for cancers with gene 
rearrangements. If we do not use topoisomerase II inhibitors, 
DSBs may be repaired and chromosomal rearrangements may 
be suppressed. Thus, we raise the question as to whether cer-
tain chemotherapeutic agents such as topoisomerase II inhibi-
tors should be avoided in patients with mutations in the ATM 
gene.

In conclusion, topoisomerase II inhibitors, anthracyclines, 
and alkylating agents have been linked to a complex framework 
of cytogenetic abnormalities and genetic mutations character-

Table 1.  Therapy-Related AML Caused by Previous Chemotherapy

Topoisomerase II inhibitors (e.g. doxorubicin) Alkylating agents (e.g. cyclophosphamide)
Onset of t-AML 2 - 3 years after exposure 4 - 7 years after exposure
Pre-leukemic phase No preceding myelodysplastic phase; frequently presents as  

overt acute leukemia often with monocytic component
Patients may present with MDS or AML with  
myelodysplastic features

Cytogenetic abnormalities 
previously documented

Translocations to 11q23
Translocations to 11p15
Translocations to 21q22
Translocations to 16q22
inv(16)(p13q22)
t(15;17)(q22;q12)
t(11;16)(q23;p13.3)
t(8;21)
t(9;11)

Deletions or monosomy of chromosome 5 or 7
t(3;21)

Prognosis Similar to cases of de novo AML with corresponding  
genetic abnormalities

Worse than de novo AML
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istic of therapy-related leukemia. The effectiveness of adju-
vant chemotherapy for breast cancer should not be overlooked, 
as the benefit often outweighs the risk of developing t-AML. 
Nevertheless, with the increased use of adjuvant chemothera-
py in the treatment of breast cancer, it is essential for patients 
to understand the potential risks of secondary malignancies, 
especially younger patients with documented mutations in re-
pair genes that may confer a higher risk. While more studies 
are needed to illustrate this hypothesis, and standard treatment 
protocol frequently yields favorable outcomes for patients, ad-
ditional evaluation for patients undergoing cytotoxic therapies 
for breast cancer may be warranted.
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