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Abstract— Background: Therapy-related acute myeloid 

leukemia is devastating late effects in solid tumors. The most 

frequent and lethal secondary malignancy is secondary acute myeloid 

leukemia t-AML. t-AML is a sequel of specific chemotherapeutic 

agents, specifically alkylating agents, and topoisomerase II inhibitors, 

commonly used in treating solid tumors. t-AML is relatively rare 

with a poor prognosis. Case description: We are presenting two 

cases of t-AML. Case 1: A 13-year-old girl presented with left hand 

swelling in 2014. Biopsy confirmed the diagnosis as Ewing sarcoma. 

She started a chemotherapy regimen that contained alkylating agents 

and epipodophyllotoxins. In 2017, local recurrence occurred, and she 

received salvage chemotherapy (ifosfamide, carboplatin, and 

etoposide) followed by amputation of the left 4th finger. In 2020, she 

had a second local recurrence with unexplained prolonged 

neutropenia. Diagnosis of t-AML was confirmed by bone marrow 

aspiration. Case 2: A 5-years-old boy presented with an abdominal 

mass in July 2006. It was diagnosed as rhabdomyosarcoma and 

treated with alkylating agents. He showed a good response to the 

treatment initially. In September 2007, prolonged pancytopenia, 

neutropenia, and thrombocytopenia occurred. Diagnosis of t-AML 

was confirmed by bone marrow aspiration as it showed mild 

dysplastic, moderate marrow fibrosis. Discussion: t-AML is of 

growing interest to the pediatric oncologist and requires further 

studies to develop pathways for leukemogenesis. We discussed two 

cases to highlight the importance of designing treatment regimens for 

solid tumors associated with t-AML.    

 
Keywords: Pediatric Ewing sarcoma; Rhabdomyosarcoma; 

Therapy-related AML. 

1. INTRODUCTION 

herapy-Related Acute Myeloid Leukemia (t-AML) is a 

serious uncommon cancer that follows specific 

chemotherapeutic agents. The most common predisposing 

drugs are alkylating agents and topoisomerase II inhibitors [1].  
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t-AML remains a relatively rare secondary malignancy with 

specific cytogenetic abnormalities [2]. Due to the mutational 

profile, patients with t-AML have worse outcomes than 

patients with de novo AML who lack such mutations [3, 4]. 

Hereby, we present two pediatric cases diagnosed as Ewing 

sarcoma and rhabdomyosarcoma and developed therapy-

related AML (t-AML) after years of receiving chemotherapy.    

The current therapy of Ewing sarcoma and 

rhabdomyosarcoma involves systemic chemotherapy and local 

control either by surgery and/or radiation [5]. Since the first 

diagnosis, the prevalence of second malignancy has been 

reported to be 8 to 12 percent [5]. The most common 

medications responsible for t-AML are the inhibitors of 

topoisomerase II and epipodophyllotoxins in Ewing sarcoma 

and alkylating agents in rhabdomyosarcoma [1].    

 

2. CASE DESCRIPTION 

2.1 Case 1: 

A 13-year-old girl presented in 2014 with left-hand 

swelling. Local imaging of the left hand showed sizeable soft 

tissue mass of the 4th metacarpal bone of the left hand. Biopsy 

has confirmed the diagnosis of Ewing sarcoma. Tumor cells 

were positive for CD99 and positive for EWSR1 (22q12) 

rearrangement. No metastasis was detected by body imaging. 

She started chemotherapy as per COG protocols AEWS0031, 

which contains alkylating agents and epipodophyllotoxins 

with radiotherapy 45Gy as local control. 

In 2017, the MRI of the left hand revealed a lesion at the 

left 4th metacarpal which is the same site of the disease 

initially although the end of therapy evaluation showed 

complete resolution of the disease. So proved by biopsy that 

the patient had a local recurrent of the disease. 

Then, she received two cycles of salvage chemotherapy 

(ifosfamide: 1800mg/m2/dose with 50% dose reduction, 

carboplatin 500mg/m2/dose, and etoposide 100mg/m2 dose) 

followed by amputation of the left 4th finger. Then, she 

received two additional cycles of chemotherapy that ended in 

2018.    

In 2020, MRI of the left hand showed internal development 

of focal enhancing soft tissue mass at the surgical bed of 4th 
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metacarpal amputation. CT-guided biopsy was positive for 

recurrent Ewing sarcoma. Therefore, amputation of the left 

hand was performed. The cumulative dose of alkylating agents 

was 8.4 g/m2 for cyclophosphamide and 80 g/m2 ifosfamide. 

On the other hand, the cumulative dose of topoisomerase 

inhibitors was 375 mg/m2 for anthracycline and 5.5 g/m2 for 

etoposide. 

Upon preparing the patient for chemotherapy, unexplained 

prolonged neutropenia was noticed. Bone marrow aspiration 

was done and showed 80% infiltration by blasts. Flow 

cytometry of bone marrow revealed around 70% blasts, 

expressing CD117, CD33, CD15, CD64, CD4, HLA-DR, and 

showed negative expression for cd34, cd14, MPO, TdT, CD3 

other T and B markers. This picture was consistent with the 

diagnosis of AML. The cytogenetic study was positive for 

MLL gene 11q23 rearrangements in 70% of the studied cells. 

Unfortunately, TP53 mutations was not done for this patient. 

She received chemotherapy FLAG, including high dose 

cytarabine as a salvage without anthracyclines. She 

commenced FLAG2 with refractory disease post 

chemotherapy. She received two cycles of venetoclax (BCL-2) 

inhibitor (ABT-199) and azacytidine. While she was on 

venetoclax, she developed leukocytosis, subdural hemorrhages 

without any neurological deficit, bilateral pleural effusion, and 

chest fungal infection. Therefore, she received a low dose of 

cytarabine as a palliative therapy, but the patient died from the 

disease progression.    

 

2.2 Case 2: 

A 5-years-old boy presented with an abdominal mass in 

July 2006. The diagnosis was abdominal rhabdomyosarcoma 

with no metastasis. He was treated with chemotherapeutic 

agents including cyclophosphamide, Actinomycin D, and 

vincristine. He initially showed a good response to the 

treatment. But somehow the continuation had been interrupted 

as the patient showed some intolerance. He ended the therapy 

in June 2007. Full blood count close observation in the clinic 

showed thrombocytopenia, and neutropenia. In September 

2007, leukocytosis, thrombocytopenia, and anemia occurred. 

Therefore, bone marrow was performed and showed 

myelodysplastic features. After three months, follow up bone 

marrow biopsy showed moderate marrow fibrosis with 95% 

blasts. Immunophenotyping confirmed the diagnosis of t-AML 

mostly the alkylating agents. The AML protocol, including 

cytarabine and anthracycline, was given. However, the 

condition of the patient was not assuring with emaciation, 

prolonged febrile neutropenia, and infection with nasty 

multidrug-resistant organisms. Then, the patient became 

hemodynamically unstable, collapsed, and died in February 

2008. 

3. DISCUSSION 

The risk of developing t-AML is still approximately 0.5-

1%, albeit the overall improvement of chemotherapy regimen 

and, as a result, reduction in overall risk of therapy related 

acute myeloid leukemia [6-8].   

Until recently, alkylating agents commonly used in 

pediatric cancers therapy were considered the leading cause of 

t-AML [6]. Also, other chemotherapeutic agents that act as 

inhibitors of DNA topoisomerases, including 

epipodophyllotoxins, have been included in the list of drugs 

responsible for the production of t-AML [2].    

Ewing sarcoma and rhabdomyosarcoma are most often 

found in children and young adults and require extensive 

systemic and local control [9]. The use of radiation, high-dose 

alkylators, and DNA topoisomerase-II inhibitors in these 

tumors are associated with secondary malignancies [10]. 

There are scanty data regarding the risk of t-MDS/AML in 

patients with Ewing sarcoma and rhabdomyosarcoma exposed 

to chemotherapeutic agents [5, 11]. Most of therapy-related 

leukemias or secondary leukemias are acute myeloid leukemia 

(AML) with few cases of acute lymphoblastic leukemia (ALL) 

[2, 7].    

 The recorded minimum time to grow t-AML was typically 

longer than one year [12].  

t-AML that occurs after alkylating agents, will have prior 

myelodysplasia that, as we mentioned in the 2nd case, and 

typically develops 4 to 7 years after exposure, but we noticed 

in our second case as early presentation of t-AML, which is 

less than two years although he did not receive the full doses 

of his alkylating agents due to intolerance. Moreover, t-AML 

after topoisomerase II inhibitors have shorter latent duration, 

type FAB M4-M5, and translocation involving the MLL gene 

in the 11q23 chromosome band like in the first case 

presentation [13].   

In evaluating potential other risk factors for treatment, the 

use of G-CSF is considered in factors that may increase the 

occurrence of secondary malignancies, especially when used 

with high-dose alkylator and epipodophyllotoxin 

chemotherapy [10]. Ionizing radiotherapy also can induce 

chromosome aberrations, and there is a disputed causal link 

between ionizing radiotherapy and secondary leukemia [11].    

 In our cases, t-AML is most probably due to the use of 

epipodophyllotoxin chemotherapy in 1st case as it is going 

with time timing of relapse and cytogenetic abnormality. On 

the other hand, the 2nd case t-AML is most probably due to 

the use of alkylating agents as myelodysplastic features 

precede it. The outcomes of patients with t-AML, accounting 

for cytogenetics and age, are worse than the de novo AML 

regardless of mutation profile [3].    

Stem cell transplantation is the curative option in this 

situation after optimizing remission status with intensified 

chemotherapy. The 3-year overall survival reaches 18.5% 

post-transplant patients, and only 6-11% in non-transplanted 

patients. Unlimited challenges faced the management of t-

AML like the patients usually are refractory and resistant to 

the applied chemotherapy because of the previous different 

chemotherapy regimens received, intolerance as in the second 

case, and recurrent of the primary neoplasm as in our first case 

[14]. Therefore, new therapeutic approaches are needed for 

patients with AML that have poor outcomes with standard 

intensive induction, including, t-AML [3]. 

 

4. CONCLUSION 

  Therapy-related acute myeloid leukemia is of growing 

interest to the pediatric oncologist; it requires further studies to 

develop pathways for leukemogenesis. We discussed two 

cases to highlight the importance of monitoring for treatment-
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related effects in cancer therapy and the need for novel less 

toxic approaches in solid tumors associated with t-AML. 
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