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A 71-year-old man was admitted for complete heart block and 
anemia, neutropenia with more than 15% undifferentiated-looking 
blasts. He had no prior hematological diseases. He had approxi-
mately 100 lbs of weight loss during the last year. The computed 
tomography scan of chest, abdomen, and pelvis showed no lym-
phadenopathy or splenomegaly. Blood tests showed: leukocytes, 
8.9 × 109/L; neutrophils, 1.34 × 109/L; blasts, 1.83 × 109/L; hemo-
globin, 71 g/L; mean corpuscular volume, 90.9 fL; platelets, 489 × 
109/L, reticulocytes 77 × 109/L. Peripheral blood (PB) film dem-
onstrated more than 20% of blasts. The blasts were of medium to 
large size, with a high nuclear/cytoplasm (N/C) ratio, open chro-
matin, and conspicuous nucleoli. In addition, dysplastic granulo-
cytes were present (hypo-granular neutrophils/bands). The bone 
marrow aspirate revealed hypercellular bone marrow with over 
70% blasts, which had a high N/C ratio and conspicuous nucleoli. 
No obvious Auer rods were observed. Megakaryopoiesis was 
markedly dysplastic with mono/hypo-lobated megakaryocytes 
and those with separate lobes (Fig. 1a, May-Grunwald-Giemsa 
stain, original magnification × 40, red arrows). Granulopoiesis 
and erythropoiesis were suppressed but mild dysplastic features 
could be observed including hypo-granular neutrophils and bands 
and dysplastic erythropoiesis including irregular nuclear contour, 
karyorrhexis, poor hemoglobinization, etc. No obvious lympho-
cytosis, plasma cells, or non-hematopoietic cells were observed. 
Flow cytometry immunophenotyping of the bone marrow as-
pirate illustrated that the blasts were positive for CD34+, Tdt+, 
HLA-DR+, partial cCD79a+/− and partial CD36+/−, but were nega-
tive for CD117−, cytoplasmic MPO−, CD13−, CD33−, CD14−, 
CD16−, CD56−, CD64−, CD235−, cytoplasmic CD3−, CD1a−, 
CD2−, CD4−, CD5−, CD7−, CD8−, CD19−, CD20−, CD10−, and 
cytoplasmic CD22−, suggesting acute undifferentiated leukemia 
(AUL). The bone marrow biopsy revealed hypercellular marrow 

with sheets of blasts with conspicuous nucleoli (Fig. 1b, hema-
toxylin and eosin stain, original magnification ×40), dysplastic 
megakaryopoiesis and suppressed granulopoiesis/erythropoiesis. 
A comprehensive immunohistochemistry panel demonstrated that 
the blasts were positive for CD34+, Tdt+, CD43+ (Fig. 1c, origi-
nal magnification ×40), partial CD79a+, partial PAX5+ and par-
tial lysozyme+, but were negative for CD117−, MPO−, E-CAD−, 
CD71−, Factor 8−, and B cells and T cells lineage markers such 
as CD19−, CD10−, CD20−, CD3−, CD4−, CD8−, CD56−, CD68− 
and CD123−, confirming the diagnosis of AUL. Cytogenetics un-
veiled 45,X,-Y,[11]/89∼91,XX,-Y,-Y,-2,del(5)(q15q33),+21[cp9], 
a complex karyotype with 5 chromosome aberrations including 
loss of Y, loss of 2, trisomy of 21, deletion of 5q and the ploidy 
aberration (Fig. 1d). Genome-wide molecular tests demonstrated 
multiple genetic mutations including ASXL1, RUNX1, U2AF1, 
KMT2A, KRAS, NRAS, SH2B3 and ZRSR2. A final diagnosis of 
acute myeloid leukemia, myelodysplasia-related (AML-MR) was 
rendered following the 5th Edition of the World Health Organiza-
tion (WHO) Classification and International Consensus Classifi-
cations (ICC).1,2 The patient decided to receive supportive care 
only with regular red cells transfusion and was followed up by 
hematologists.

The 5th Edition of the WHO Classification and ICC eliminates 
the AML with myelodysplasia-related changes (AML-MRC).1,2 
Instead, AML-MR and AML, and MDS/AML with myelodys-
plasia-related gene mutations are created. AUL is classified as 
acute leukemia of ambiguous lineage (ALAL),1–6 it is extremely 
rare with a dismal prognosis.1 The blasts lack morphological 
myeloid differentiation, and express CD34, HLA-DR, Tdt, but 
without myeloid, monocytic, B-cell and T-cell lineage specific 
markers. Interestingly, CD43, an early hematopoietic stem cell 
marker is diffusely expressed in our case.7,8 CD43 is known to 
be expressed in cases of myeloid leukemia cutis, and myeloid 
sarcoma.9,10 Its role in AUL is not fully studied, which might 
provide an additional marker for the diagnosis of AUL. The 5th 
Edition of the WHO Classification, ICC, and some other studies 
advocate that ALAL (including AUL) with myelodysplastic syn-
drome defining cytogenetics/genetic abnormalities be classified 
as AML-MR, as exemplified in this case.1,2,5,6 We believe this is 
the first reported case of AML-MR masquerading as AUL with 
CD43 expression.

*Correspondence to: Zhaodong Xu, Department of Pathology and Laboratory Medi-
cine Division of Hematopathology and Transfusion Medicine, Royal Jubilee Hospital, 
5th floor, 1952 Bay Street, Victoria, BC V8R 1J8, Canada. https://orcid.org/0000-
0002-4729-4734. Tel: +250-370-8325, Fax: +1-250-519-1602, E-mail: zhaodong.
xu@viha.ca
How to cite this article: Xu Z, Mueller R. Acute Myeloid Leukemia with Myelo-
dysplasia-related Cytogenetic/Genetic-defined Abnormalities Masquerades as Acute 
Undifferentiated Leukemia. Gene Expr 2024;23(3):232–233. doi: 10.14218/GE.2024. 
00034.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/GE.2024.00034
https://crossmark.crossref.org/dialog/?doi=10.14218/GE.2024.00034&domain=pdf&date_stamp=2024-05-08
https://orcid.org/0000-0002-4729-4734
https://orcid.org/0000-0002-4729-4734
https://orcid.org/0000-0002-4729-4734
mailto:zhaodong.xu@viha.ca
mailto:zhaodong.xu@viha.ca


DOI: 10.14218/GE.2024.00034  |  Volume 23 Issue 3, September 2024 233

Xu, Z. et al: AML-MR, AUL Gene Expr

Acknowledgments
None.

Funding
The authors declare that they have no funding.

Conflict of interest
The authors declare that they have no competing interests.

Author contributions
ZDX was responsible for the diagnosis of the disease. RM was re-
sponsible for the cytogenetic diagnosis. ZDX wrote the manuscript.

Ethical statement
This case report involves a retrospective analysis of a clinical case 
and is not considered human research according to the U.S. federal 
policy [and institutional review board (IRB) regulations of Royal 
Jubilee Hospital]. An IRB approval was thus deemed unnecessary. 
This study was performed in accordance with the Declaration of 
Helsinki (as revised in 2013). Written informed consent was ob-
tained from the patient for the publication of this case report and 
the accompanying images.

References
[1] Khoury JD, Solary E, Abla O, Akkari Y, Alaggio R, Apperley JF, et al. 

The 5th edition of the World Health Organization Classification of 
Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neo-
plasms. Leukemia 2022;36(7):1703–1719. doi:10.1038/s41375-022-

01613-1, PMID:35732831.
[2] Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, Kvasnicka 

HM, et al. International Consensus Classification of Myeloid Neo-
plasms and Acute Leukemias: integrating morphologic, clinical, 
and genomic data. Blood 2022;140(11):1200–1228. doi:10.1182/
blood.2022015850, PMID:35767897.

[3] Heesch S, Neumann M, Schwartz S, Bartram I, Schlee C, Burmeister 
T, et al. Acute leukemias of ambiguous lineage in adults: molecular 
and clinical characterization. Ann Hematol 2013;92(6):747–758. 
doi:10.1007/s00277-013-1694-4, PMID:23412561.

[4] Weinberg O, Arber D. How I Diagnose Acute Leukemia of Ambigu-
ous Lineage. Am J Clin Pathol 2022;158(1):27–34. doi:10.1093/ajcp/
aqac070, PMID:35775438.

[5] Weinberg OK, Hasserjian RP, Baraban E, Ok CY, Geyer JT, Philip JKSS, 
et al. immunophenotypic, and genomic findings of acute undiffer-
entiated leukemia and comparison to acute myeloid leukemia with 
minimal differentiation: a study from the bone marrow pathology 
group. Mod Pathol 2019;32(9):1373–1385. doi:10.1038/s41379-
019-0263-3.

[6] Kirtek T, Chen W, Laczko D, Bagg A, Koduru P, Foucar K, et al. Acute leuke-
mias with complex karyotype show a similarly poor outcome independ-
ent of mixed, myeloid or lymphoblastic immunophenotype: A study 
from the Bone Marrow Pathology Group. Leuk Res 2023;130:107309. 
doi:10.1016/j.leukres.2023.107309, PMID:37210875.

[7] Choi KD, Yu J, Smuga-Otto K, Salvagiotto G, Rehrauer W, Vodyanik 
M, et al. Hematopoietic and endothelial differentiation of human 
induced pluripotent stem cells. Stem Cells 2009;27(3):559–567. 
doi:10.1634/stemcells.2008-0922, PMID:19259936.

[8] Vodyanik MA, Thomson JA, Slukvin II. Leukosialin (CD43) defines 
hematopoietic progenitors in human embryonic stem cell differ-
entiation cultures. Blood 2006;108(6):2095–2105. doi:10.1182/
blood-2006-02-003327, PMID:16757688.

[9] Cronin DM, George TI, Sundram UN. An updated approach to the di-
agnosis of myeloid leukemia cutis. Am J Clin Pathol 2009;132(1):101–
10. doi:10.1309/AJCP6GR8BDEXPKHR, PMID:19864240.

[10] Obiorah IE, Ozdemirli M. Myeloid sarcoma with megakaryoblastic 
differentiation presenting as a breast mass. Hematol Oncol Stem 
Cell Ther 2018;11(3):178–182. doi:10.1016/j.hemonc.2018.03.001, 
PMID:29684340.

Fig. 1. (a) Bone marrow aspirate showing dysmegakaryocytes, red arrows.  May-Grunwald-Giemsa stain, original magnification ×40, red arrows; (b) Bone 
marrow biopsy, hematoxylin and eosin stain, original magnification ×40; (c) CD43, original magnification ×40; (d) Karyotype.
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