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CLINICAL VIGNETTE 

 

Therapy-related Acute Lymphoblastic Leukemia Associated with  

MLL Amplification in a Patient with Metastatic Uterine Leiomyosarcoma

 

Yi-Kong Keung, M.D., FACP; Jensen Hu, B.Sc.; and Eddie Hu, M.D., FACP 

 
Introduction 

 

Conventional chemotherapy that targets DNA replication and 

synthesis has been associated with increased risk of leukemia 

and second malignancy among long-term cancer survivors. 

Alkylating chemotherapy, DNA topoisomerase II inhibitors, 

taxanes, etc. have been implicated in secondary leukemia with 

or without typical cytogenetic abnormalities. The FDA 

approval of tyrosine kinases inhibitor, imatinib, in the 

treatment of chronic myeloid leukemia in 2001 has 

revolutionized the battlefield in the war against cancer. In the 

past decades, a number of tyrosine kinase inhibitors have been 

approved for use in various cancer types. Other novel 

chemotherapy such as trabectedin has also been approved for 

various types of malignancies. Can these newer agents cause 

secondary leukemia or cancer as the conventional 

chemotherapy? We report a case of acute lymphoblastic 

leukemia (ALL) in a patient with metastatic uterine 

leiomyosarcoma previously treated remotely with 

cyclophosphamide, cisplatin, and doxorubicin and more 

recently with trabectedlin and pazopanib, associated with 

mixed lineage leukemia gene (MLL) amplification. 

 

Case History 

 

This is a 67-year-old female who initially presented with large 

uterine leimyosarcoma, ER/PR both positive, which was 

resected in 1987. She developed bilateral lung nodules with 

biopsy proven leiomyosarcoma in May 2002. She received 

systemic chemotherapy consisting of cyclophosphamide 500 

mg/m2, doxorubicin 50mg/m2, and cisplatin 50mg/m2 

monthly for 3 cycles from July to September 2003 with no 

significant response. She was surprisingly asymptomatic. 

Because of the tumor being ER/PR positive, she was placed on 

high dose megestrol 80mg four times daily. Over the years, 

the disease progressed slowly, and she developed intractable 

coughing by September 2009 and recurrent hemoptysis in 

November 2009. She then received trabectedin under a clinical 

trial from March to June 2011. Interval CT scan showed no 

significant improvement in the lung metastases, and she 

refused further chemotherapy.  Soon after, pazopanib was 

approved by the FDA in treatment of soft tissue sarcoma; the 

patient was started on pazopanib in May 2012. Her coughing 

and hemoptysis resolved almost completely though repeat CT 

scans continued to show multiple pulmonary nodules.  She 

was admitted to local hospital for pneumonia at the end of  

 

 

 

December 2013. In January 2014, WBC was 7400/µL, 

hemoglobin 13.5 g/dL, platelet 130,000/µL with neutrophil 

17%, lymphocyte 58%, monocyte 8%, eosinophil  4%, rare 

blasts, and nucleated RBC 19%. Serum LDH was elevated to 

1,166 IU/L. Comprehensive metabolic panel was normal 

except AST 82 and ALT 73. Bone marrow examination 

showed hypercellular marrow with 65% blasts. Flow 

cytometry showed positivity of Tdt, CD10, CD19, CD38, and 

HLA-DR consistent with precursor B-cell acute lymphoblastic 

leukemia. Given the poor prognosis of the co-existing 

metastatic leiomyosarcoma, the patient was reluctant to 

receive any induction chemotherapy, and she died shortly 

after. 

 

Results 

 

Chromosome study of the bone marrow showed 45-

46,XX,add(8)(q24.3),add(16)(q22),+21, del(21)(q22),-

22,add(22)(q11.2),+mar[cp8]/46,XX[8] (Figure 1). 

Florescence in-situ hybridization studies showed no evidence 

of BCR-ABL gene rearrangement, or MLL gene locus 11q23 

translocation. However, abnormal hybridization pattern with 

3-4 fusion signals of MLL gene (using break-apart probe, 

Vysis Catalogue #190083) were observed in 30.5% interphase 

nuclei suggesting MLL gene amplification. Quantitative PCR 

of the peripheral blood showed both b2a2 and e1a2 transcript 

being <0.001% and b3a2 0.005%.  

 

Discussion 

 

Most of the therapy-related acute leukemia are myeloid 

lineage, but therapy-related acute lymphoblastic leukemia are 

increasingly recognized.
1,2

 Pagano et al
1
 reported only 11 

(1.2%) out of 901 ALL patients had a history of prior 

treatment compared to 47 (13%) cases out of 372 acute 

myeloid leukemia (AML). Although many have initially 

raised suspicion about the entity of therapy-related ALL, 

larger studies have supported therapy-related ALL as a distinct 

entity.
3,4

 According to a study of 152 cases of ALL and 876 

cases of AML from 2/1989 to 4/2001 in the City of Hope 

National Medical Center, 4% and 4.9% cases were considered 

therapy-related with prior chemotherapy and/or radiation 

treatment for malignancy respectively. MLL gene or 11q23 

rearrangement occurred in 16.7% therapy-related AML, 



compared to 46% in therapy-related ALL.
5
 These cases are 

usually associated with prior exposure to topoisomerase II 

inhibitors such as etoposide and doxorubicin. 

 

Amplification of MLL gene has also been recognized though 

much less frequently in patients with acute leukemia, mostly 

AML.
6,7

 In a United Kingdom Cancer Cytogenetics Group 

Study, Cuthbert el al
8
 reported a series of 12 acute leukemia 

associated with MLL amplification by FISH, 11 cases were 

AML, and there is only one case of acute lymphoblastic 

leukemia. Literature search through MEDLINE by "MLL 

amplification" and "acute lymphoblastic leukemia" retrieves 

only a handful of cases that are summarized in Table.    

 

The occurrence of acute lymphoblastic leukemia in this patient 

may be coincidental. Alternatively, it may be related to the 

chemotherapy she has received in the past, which include 

cyclophosphamide, cisplatin, doxorubicin 10 years, 

trabectedin 33 months, and pazopanib 19 months before. 

Typical therapy-related AML associated with prior alkylating 

agents has a latency period of 5-7 years and topoisomerase II 

inhibitor of 1-3 years. Though not impossible, it is less likely 

for three cycles of cyclophosphamide, cisplatin, and 

doxorubicin given 10 years before to cause the ALL in our 

patient. 

 

Pazopanib is a multi-target tyrosine kinase inhibitor of 

VEGFR, PDGFR, c-kit, etc.
9
 It is approved by FDA for use in 

previously treated patients with advanced soft tissue sarcoma 

after it was showed to prolong progression-free survival from 

1.6 to 4.6 months in a phase III randomized controlled trial.
10

 

Pazopanib, being a tyrosine kinase inhibitor and hence an anti-

angiogenesis, has no significant direct cytotoxic or DNA-

damaging effects to the bone marrow stem cells. It seems 

improbable for it to be the direct cause of acute leukemia in 

our patient.  

 

Trabectedin is a fully synthetic compound of a 

tetrahydroisoquinoline alkaloid. It was approved by European 

Commission for use in patients with soft tissue sarcoma and 

recurrent ovarian cancer.
11,12

 Trabectedin functions like a 

guanine-specific alkylating agent that binds and alkylates the 

GC-rich sequences in the DNA minor groove. It also impairs 

the DNA repair mechanism and targets tumor inflammation 

and angiogenesis. Hence, it is a novel multi-target drug that 

affects both cancer cells and microenvironment.
13

 

 

Liu et al
14

 reported a case of acute myeloid leukemia 4 months 

after discontinuation of trabectedin that was administered for 5 

months in a 24-year-old female heavily pretreated with 

various chemotherapy regimens and autologous stem cell 

transplantation for Ewing's sarcoma. Of note, their patient also 

has complex chromosomal abnormalities, 

46,XX,add(8)(q24.3), 

der(10)t(10;11)(p12;q23)inv(11)(q13q23)[20]/46,XX[1], and 

gain of MLL gene signals in 95% interphase nuclei by FISH.  

It is controversial if the acute myeloid leukemia is due to 

trabectedin since their patient had been exposed to many prior 

chemotherapy regimens. However, this case did trigger a 

response from PharmaMar that six cases of AML were 

reported among more than 3,000 patients treated in trabectedin 

clinical trials, 7 weeks to 4 months after discontinuation of 

trabectedin; chromosome 5 abnormalities were reported in one 

case with no karyotypic information available in the remaining 

patients.
15

 

 

In our patient, the acute lymphoblastic leukemia occurred 30 

months after discontinuation of trabectedin given for 3 

months. Of interest, our case also demonstrated MLL gene 

amplification similar to that of Liu et al.
14

 In Table 1, two out 

of the six reported cases of ALL associated with MLL 

amplification are therapy-related. While it is inconclusive, it is 

not improbable that our case is related to trabectedin. 

 

Figures and Tables 

 

Figure 1. Karyotype showing    45-46, 

XX,add(8)(q24.3),add(16)(q22),+21,del(21)(q22),-

22,add(22)(q11.2),+mar [cp8]/46,XX[8]. 

 

 
 

 

Table 1. Summary of reported cases of acute lymphoblastic 

leukemia/lymphoma associated with MLL amplification. 

(Abbreviations: ALL, acute lymphoblastic leukemia; LBL 

lymphoblastic lymphoma; NA, not reported). 

 
Case  Age Sex Presentation 

1 7 M Leukocytosis 

2 86 F Pancytopenia and monoclonal gammopathy 

IgG 

3 12 M Abdominal mass 

4 80 M Leukocytopenia 2 years after diagnosis of 
DLBCL treated with R-CHOP x 8,R-ICE x7 

and radiation 

5 62 M Cytopenia 5 years after diagnosis of 

pleiomorphic sarcoma of left hip treated 
with doxorubicin and ifosfamide followed 

by radiation 

6 4 F Leukocytosis 

Current 67 F 25 years after diagnosis of uterine 
leiomyosarcoma, 10 years after 

chemotherapy doxorubicin, cisplatin and 

cyclophosphamide, 33 months after 
trabectedin and 19 months after pazopanib 

 

(Table 1 Cont.) 
Case  Diagnosis Cytogenetic Study 

1 c-ALL No metaphase for analysis 

2 Pre-B ALL 44,XX,del(5)(q13q31),dic(6;17)(p25;q11),hsr(11)(pt

er_q23::hsr::q21::hsr::qter),-16,-17[18]/46,XX[2] 

3 B-LBL 47,X,-Y,+1,del(1)(q25),- 

del(1)(q12),dup(11)(q24q23),add(12)(p11.2),+21 

4 Pro-B ALL 42,XY,−3,hsr(11)(q23),−14,−16,−20[cp6]/43,idem,+



mar[cp3]/46,XY[11].ish hsr(11)amp(MLL) 

5 Pro-B ALL 44–45,XY,−5,hsr(11)(q23),−15,+mar1 [cp3]/48–

50,sl,+6,+8, +20,+22[cp2]/57−59, 
sdl1,+1,+del(1)(q12),+2,+7,+10,+hsr 

(11)(q23)a,+12,+13,+21,−mar1,+mar2(cp3)/ 

59,sdl2,+X,−1,−del(1)(q12),+del(1)(q25),+5,+10,+1
1[cp6]/73-

77,sdl2,+Y,+del(1)(q12),+3,+4,+5,+6,+8,+9,+10,+1

1,−hsr(11),+12,+13,+14,+15,+16,+17,+17,+18,+18,
+19,+22,−mar2,+mar3x2[cp7] 

6 T-cell ALL 46,XX[20] 

Current Pre-B ALL 45-

46,XX,add(8)(q24.3),add(16)(q22),+21,del(21)(q22)
,-22,add(22)(q11.2),+mar [cp8]/46,XX[8] 

 

(Table 1 Cont.) 
Case  Comment Year/Reference 

1 Remission, survival 
>21 months 

20008 

2 Died shortly after 

diagnosis 

200316 

3 Remission, survival >9 

months 

201217 

4 NA 201218 

5 NA  

6 Remission, survival 
>25 months 

201319 

Current Died shortly after 

diagnosis 
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