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Case Report
Treatment-related acute myeloid leukemia with type D 
CBFB-MYH11 after chemotherapy and radiotherapy in 
non-hodgkin lymphoma: a rare case report
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Abstract: Treatment-related Acute Myeloid Leukemia (t-AML) is among complications which occur after treatment 
of primary malignancies due to exposure to chemotherapeutic drugs and/or radiation. These malignancies include 
solid tumors and hematological neoplasms. T-AML accounts for approximately 10%-20% of total AML. Patients with 
t-AML are of special concern, because generally they have poor response to treatment and thus median survival is 
short. CBFB-MYH11 is a fusion gene which generally occurs in AML, but only a few t-AML cases have been reported 
with CBFB-MYH11, and none of them aroused after non-Hodgkin lymphoma (NHL) treatment. Here, we report a rare 
case with t-AML with CBFB-MYH11 (type D subtype) occurred four years after 9-month chemotherapy and radio-
therapy for NHL. Lab findings are mainly discussed especially molecular genetic abnormality, which is considered as 
a reference for individualized treatment and prognosis. Through this report, we hope to remind the clinics and lab 
staff, that in order to be aware of t-AML, during treatment of NHL, dose of chemotherapy and radiotherapy should 
be weighed and follow up is necessary. 
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Introduction

According to The World Health Organization 
(WHO) classification system, AML is classified 
into different subtypes, and treatment-related 
myeloid neoplasms (t-MN) are one of them. 
Treatment-related acute myeloid leukemia 
(t-AML) is grouped along with Treatment- 
related myelodysplastic syndrome (t-MDS)  
and treatment-related myelodysplastic syn-
drome/myeloproliferative neoplasms (t-MDS/
MPN) as t-MNs according to the WHO classi- 
fication of tumors of hematopoietic and lym-
phoid tissues [1]. T-MN is a complication of  
primary malignancies including solid tumors 
and hematological neoplasms after exposure 
to chemotherapeutic drugs and/or radiation, or 
exposure to alkylating agents, topoisomerase  
II inhibitors, radiation [1-3]. T-AML arises  
from these reasons is an increasing risk to suc-
cessfully cured patients, and t-AML accounts 
for approximately 10%-20% of total AML cases 
[1]. 

CBFB-MYH11 is a fusion gene which results 
from the abnormality of chromosome 16, for 
example inv (16) or t (16; 16). More than 10 dif-
ferent sized CBFB-MYH11 fusion transcript vari-
ants have been reported, among which 87% are 
type A, 3%-9% are each type D and type E fusion 
[4-6], other types of the fusion are mostly 
reported in single case. Generally speaking, 
CBFB-MYH11 fusion gene exists in AML, but 
only a few cases of t-AML have been reported 
with CBFB-MYH11, and none of them aroused 
from NHL. The clinical history and laboratory 
features of t-AML with CBFB-MYH11 especially 
after chemotherapy and radiotherapy in NHL 
are unknown. In this report, we describe a case 
of t-AML with CBFB-MYH11 that developed 
after exposure to chemotherapy and radiother-
apy four years after 9-month treatment for NHL.

Case report

Male patient, 42 years old, was hospitalized 
because of 15-day fever and finding pancytope-
nia 3 days. He was diagnosed with allergic pur-
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pura 10 years ago. After treated with hormone 
he got better, but there is left femoral head 
necrosis. Four years ago, he was diagnosed 
with stage IIA NHL, extranodal NK/T-cell lym-
phoma, nasal type according to WHO classifica-
tion. The patient remained complete remission 
after 9-month regular chemotherapy and radio-
therapy (detailed therapeutic schedule was 
unknown). On physical examination, the patient 
appeared pale and pharyngeal hyperemia with-
out other abnormalities. 

Peripheral blood analysis revealed low hemo-
globin (Hb) level of 68 g/L, low platelet (PLT) 
counts of 26×109/L as well as white blood cell 
(WBC) count of 1.50×109/L with 30% mono-
blasts/promonocytes under microscopic blood 
smear examination. Bone marrow (BM) aspira-
tion at posterior superior iliac spine revealed 
severe marrow hypo-cellularity (Figure 1A and 
1B). But BM aspiration of sternum revealed 

49% monoblasts/promonocytes with variably 
irregular nuclei, dispersed chromatin, variably 
prominent nucleoli, but with no eosinophilia 
(Figure 1C). A percentage of 74% abnormal 
cells were weakly positive and 26% were nega-
tive in myeloperoxidase staining of bone mar-
row (Figure 1D). Based on the above lab find-
ings, the patients were initially diagnosed as 
AML, classified morphologically as M5 accord-
ing to French-American-British (FAB) classifica-
tion systems. Other abnormal lab results 
include: IgA 6.92 g/L (↑), C4 0.52 g/L (↑), hyper-
sensitive c-reactive protein (hs-CRP) 85.30 
mg/L (↑).

Immunophenotype using flow cytometry report-
ed immature cells. Abnormal cells accounted 
for 34.8% of BM cells, mainly expressing CD34, 
CD117, HLA-DR, CD38, CD33, CD13, and lym-
phoid markers such as CD7, CD2, CD4, CD5, 
cCD3, CD10, CD79a were negative. Cytogenetic 

Figure 1. Morphological analysis of bone marrow cells. (A) (Wright staining, ×100) and (B) (Wright staining, ×1,000) 
The bone marrow (BM) aspiration of posterior superior iliac spine showing severe marrow hypocellularit. (C) The 
BM aspiration of sternum showing large monoblasts/promonocytes (Wright staining, ×1,000). (D) Myeloperoxidase 
stain of blastic cells of BM aspiration of sternum showing the abnormal cells weakly positive (×1,000).



T-AML with type D CBFB-MYH11 after non-hodgkin lymphoma

405 Int J Clin Exp Med 2016;9(1):403-407

analysis by G-banding showed 46, XY in all 6 
metaphases at a resolution level of 300-400 
bands (Figure 2). The patient didn’t have fluo-
rescence in situ hybridization (FISH) result. In 
the molecular study, CBFB-MYH11 fusion gene 
was detected in BM cells, but other AML fusion 
genes such as PML-RARa, AML1-ETO, and BCR-
ABL1 were negative. RT-PCR for CBFB-MYH11 
revealed that the fusion was type D subtype.

These findings suggest that the patient was an 
AML with the features of monocytes differentia-
tion but with no evidence of eosinophilia. Based 
on the World Health Organization’s (WHO) 2008 
criteria, a diagnosis of t-AML with CBFB-MYH11 
was made. The patient was given DA (daunoru-
bicin and arabinoside) treatment by compre-
hensive consideration.

Discussion

With the development of comprehensive treat-
ment for malignant tumors, more patients were 
cured. Treatments such as chemotherapy, 
radiotherapy or autologous stem cell transplan-
tation (ASCT) improve patients’ survival and 
suppress tumor recurrence rate. However 
t-AML turn to be the serious late stage com- 
plication for primary cancers, which is of 
increased concern. Radiation and chemothera-
py also disturb normal hematopoietic cells and 
cause molecular genetic or cytogenetic abnor-
malities. However, treatment also produces 
delayed toxicities which would proceed  

T-AML secondary to chemotherapy and/or 
radiotherapy in NHL has been reported; how-
ever the incidence of t-AML secondary to NHL is 
different. Mudie [8] et al. reported that from 
1973 to 2000 in Britain, there were only 17 
cases (0.7%) were t-AML out of 2456 cases 
NHL patient. A large multicenter study [9] on 
2739 patients collected 1784 NHL patients, 
finding that the cumulative incidences of  
t-AML/MDS developing from 1784 NHL patients 
after 7 years was 3.9%. According to Czuczman’s 
study [10] on the incidence of t-MDS and t-AML, 
from the year 1996 to 2002, among 746 NHL 
patients who were treated with the ibritumom-
ab tiuxetan, there were 19 patients (2.5%) 
developed t-MDS or t-AML at a median follow-
up of 4.4 years. The patient in this case devel-
oped t-AML four years after 9-month chemo-
therapy and radiotherapy for NHL. The finding 
suggests that during NHL treatment, although 
curative effect of chemotherapy may work 
shortly after drug use, the side effects of che-
motherapy drugs may have long-term toxicity 
which should take special attention after whole 
course of treatment. So follow-up of these 
patients is of crucial necessary to monitor 
onset of t-AML/MDS.

Since MICM classification may provide cytoge-
netic and molecular abnormalities as well as 
morphological and immunological disorders, 
apart from BM morphology and flow cytometry, 
t-AML/MDS patients should also take chromo-

Figure 2. G-banded karyogram of the bone marrow cells obtained at diagnosis 
showing 46, XY.

to t-MDS and t-AML  
[1]. Chemotherapy agents, 
such as alkylating drugs  
or topoisomerase-inhibi-
tors, and radiotherapy are 
risk factors for the deve- 
lopment of secondary  
cancers, particularly t-AML 
[1-3]. In the world, t-AML 
accounts for approximately 
10%-20% of AML cases [1]. 
Generally, t-AML respond 
poorly to treatment and 
median survival after diag-
nosis is short. Smith [7] et 
al. reported that median 
survival time after diagno-
sis of t-MDS/t-AML was 8 
months; 5-year survival 
was less than 10%.
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some examination and molecular diagnosis to 
check chromosome and fusion gene abnormal-
ities. Chromosome abnormalities include 
numerical chromosome changes, recurring bal-
anced rearrangements, and other clonal abnor-
malities. Fusion gene abnormalities include 
PML-RARA, AML1-ETO, BCR-ABL, CBFB-MYH11 
et al.

Among abnormal karyotypes in AML, inv (16) or 
t (16; 16) is relatively common, as inversion or 
translocation of 16 chromosomes can result in 
CBFB-MYH11 fusion gene. CBFB-MYH11 fusion 
transcripts have 10 different types, respective-
ly named type A to type J, which can be identi-
fied using RT-PCR [4-6]. Type A transcript 
appears most common among these types, 
and type D is relatively rare. However, in t-AML 
CBFB-MYH11 transcripts have showed that 
type A was less common than other types [5]. 
CBFB-MYH11 fusion gene is common in AML, 
but rare in t-AML. In 2015, Akiyama [11] report-
ed a case of t-AML with inv (16) (p13.1q22) and 
Type D CBFB-MYH11 after exposure to 
Irinotecan-containing chemoradiotherapy. In 
this case report, CBFB-MYH11 fusion transcript 
of t-AML after treatment for NHL is detected 
and subtype is type D, but conventional cytoge-
netic analysis (CCA) has not detect abnormality 
in 16 chromosome. Considering BM chromo-
some karyotyping has resolution level of 300-
400 G bands, there might be resolution level 
limitations to detect micro abnormalities in 
chromosomes. This also consists with several 
reports that CBFB-MYH11 transcripts are posi-
tive without inv (16) or t (16; 16) chromosome 
[12, 13]. Fujieda [12] reported that cytogenetic 
analysis by G-banding of a patient showed 46, 
XY, inv (9), but FISH analysis revealed the inv 
(16) signal. The karyotype of the patient is nor-
mal, and CBFB-MYH11 fusion gene is positive. 
We may infer that chromosome 16 of the 
patient may exist abnormality, only is not 
checked out due to the limitation of CCA. To this 
point, diagnosis of fusion gene transcripts 
exhibits more efficient and accurate results 
than G-banding. 

The patient reported here was hospitalized for 
fever and pancytopenia, BM aspiration of iliac 
spine was severe hypo-cellularity, but sternum 
was AML. There was unbalanced proliferation 
in different sites of bone marrow. And the 
patient had a normal karyotypes but with CBFB-

MYH11 fusion transcript. In conclusion, BM 
morphology for those patients should be taken 
in multiple sites to have comprehensive infor-
mation of the disease state. Our study suggests 
after NHL treatment, close follow-up is required 
to identify t-AML in time; once t-AML is highly 
suspected or initially diagnosed, detection of 
fusion gene is necessary, whether a chromo-
somal abnormality is found or not. This would 
benefit individualized treatment as well as 
prognosis. 

T-AML secondary to chemotherapy and radia-
tion is an increasing problem, and patients with 
t-AML have poor response to treatment and 
median survival is short. During treatment of 
NHL, doctors should make cautious consider-
ation on dose of chemotherapy and radiothera-
py. Besides, follow-up is necessary to identify 
t-AML using morphological and immunological 
techniques and cytogenetic and molecular 
diagnosis as well, accompanied by chemother-
apy and radiotherapy treatment history. 

Disclosure of conflict of interest

None.

Address correspondence to: Wei Xu, Department  
of Laboratory Medicine, The First Hospital of  
Jilin University, Changchun, Jilin, China. Tel: 
0086043188782622; E-mail: xuwei0210@sina.
com

References

[1] Swerdlow SH, Campo E, Harris NL, Jaffe ES, 
Pileri SA, Stein S, Thiele J, Vardiman JW. WHO 
classification of tumours of haematopoietic 
and lymphoid tissues. France: IARC Press; 
2008. 

[2] Krishnan A, Bhatia S, Slovak ML, Arber DA, Ni-
land JC, Nademanee A. Predictors of therapy-
related leukaemia and myelodysplasia follow-
ing autologous transplantation for lymphoma: 
an assessment of risk factors. Blood 2000; 
95: 1588-1593.

[3] Bhatia S. Therapy-related myelodysplasia and 
acute myeloid leukemia. Semin Oncol 2013; 
40: 666-675.

[4] Claxton DF, Liu P, Hsu HB, Marlton P, Hester J, 
Collins F. Detection of fusion transcripts gener-
ated by the inversion 16 chromosome in acute 
myelogenous leukemia. Blood 1994; 83: 
1750-1756.

[5] Schnittger S, Bacher U, Haferlach C, Kern W, 
Haferlach T. Rare CBFB-MYH11 fusion tran-

mailto:xuwei0210@sina.com
mailto:xuwei0210@sina.com


T-AML with type D CBFB-MYH11 after non-hodgkin lymphoma

407 Int J Clin Exp Med 2016;9(1):403-407

scripts in AML with inv (16)/t (16; 16) are as-
sociated with therapy-related AML-M4eo,  
atypical cytomorphology, atypical immunophe-
notype, atypical additional chromosomal rear-
rangements and low white blood cell count: a 
study on 162 patients. Leukemia 2007; 21: 
725-731.

[6] Schwind S, Edwards CG, Nicolet D, Mrózek K, 
Maharry K, Wu YZ, Paschka P, Eisfeld AK, 
Hoellerbauer P, Becker H, Metzeler KH, Curf-
man J, Kohlschmidt J, Prior TW, Kolitz JE, Blum 
W, Pettenati MJ, Dal Cin P, Carroll AJ, Caligiuri 
MA, Larson RA, Volinia S, Marcucci G, Bloom-
field CD; Alliance for Clinical Trials in Oncology. 
Inv(16)/t (16; 16) acute myeloid leukemia with 
non-type A CBFB-MYH11fusions associate 
with distinct clinical and genetic features and 
lack KIT mutations. Blood 2013; 121: 385-
391.

[7] Smith SM, Le Beau MM, Huo D, Karrison T, So-
becks RM, Anastasi J, Larson RA. Clinical-cyto-
genetic associations in 306 patients with ther-
apy-related myelodysplasia and myeloid 
leukemia: the University of Chicago series. 
Blood 2003; 102: 43-52.

[8] Mudie NY, Swerdlow AJ, Higgins CD, Smith P, 
Qiao Z, Hancock BW. Risk of second malignan-
cy after Non-Hodgkin, s lympholna: a British 
Cohort Study. J Clin Oncol 2006; 24: 1568-
1574.

[9] Metayer C, Curtis RE, Vose J, Sobocinski KA, 
Horowitz MM, Bhatia S. Myelodysplastic syn-
drome and acute myeloid leukemia after auto-
transplantation for lymphoma: a multicenter 
case-control study. Blood 2003; 101: 2015-
2023.

[10] Czuczman MS, Emmanouilides C, Darif M, Wit-
zig TE, Gordon LI, Revell S, Molina A. Treat-
ment-related myelodysplastic syndrome and 
acute myelogenous leukemia in patients treat-
ed with ibritumomab tiuxetan radioimmuno-
therapy. J Clin Oncol 2007; 25: 4285-4292.

[11] Akiyama H, Yamamoto M, Sakashita C, Umeza-
wa Y, Kurosu T, Murakami N, Miura O. Therapy-
related Leukemia with Inv (16)(p13. 1q22) and 
Type D CBFB/MYH11 Developing after Expo-
sure to Irinotecan-containing Chemoradiother-
apy. Intern Med 2015; 54: 651-655.

[12] Fujieda A, Nishii K, Tamaru T, Otsuki S, Ko-
bayashi K, Monma F, Shiku H. Granulocytic sar-
coma of mesentery in acute myeloid leukemia 
with CBFB/MYH11 fusion gene but not inv (16) 
chromosome: Case report and review of litera-
ture. Leuk Res 2006; 30: 1053-1057.

[13] Pirc-Danoewinata H, Dauwerse HG, König M, 
Chudoba I, Mitterbauer M, Jäger U, Haas OA. 
CBFB/MYH11 fusion in a patient with AML-
M4Eo and cytogenetically normal chromo-
somes 16. Genes Chromosomes Cancer 2000; 
29: 186-191.


