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Could Vitamin B12 Deficiency Mimic Erythroleukemia?
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Abbas Ali, MBBCh, BAO*** Abdulrahman Barakat, MBBCh*
Erythroleukemia is a rare form of acute myeloblastic leukemia (AML) as described by the World
Health Organization (WHO); the condition represents less than 5% of all AML cases. It is a great
challenge to establish the diagnosis. One of the principal differential diagnosis is megaloblastic
anemia due to vitamin B12 deficiency.
A fourteen-year-old Bahraini female was initially diagnosed with vitamin B12 deficiency based
on the clinical history, blood count, smear findings and vitamin B12 level. The lack of response
to supplementation with vitamin B12 injections raised suspicion of bone marrow disease. A
subsequent bone marrow biopsy confirmed the diagnosis of erythroleukemia. After establishing
the diagnosis with bone marrow biopsy, the patient was referred to the oncology center to receive
chemotherapeutic treatment.
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Erythroleukemia, sometimes referred to as Di Guglielmo
syndrome; it is a rare form of acute leukemia related to AML
family. The disease was initially described by Giovanni
Antonio Di Guglielmo in 1917, who described the condition as
being composed of immature erythroid and myeloid cells with
a pure normoblastic proliferation1.
The condition represents less than 5% of all AML cases, and
could occur at any age; some studies have shown a bimodal
distribution with a high peak in the sixth or seventh decade of
life, and a smaller peak below the age of 202-4.
The disease was significantly revised since the criteria
was established. The disease was classified by the FrenchAmerican-British (FAB) Cooperative Group in 1976 and
recently by WHO5,6.
In 2008, WHO classified the disease into two subcategories:
erythroleukemia with myeloid/erythroid component and pure
erythroid leukemia (PEL). Erythroleukemia with myeloid/
erythroid component was defined by the presence in the bone
marrow of more than 50% erythroid precursors in the entire
nucleated cell population and more than 20% myeloblasts in
the non-erythroid cell population. Pure erythroid leukemia was
defined when immature cells undergo a neoplastic proliferation
(undifferentiated or pro-erythroblastic in nature) exclusively
involving the erythroid component (>80% of bone marrow
cells) with no significant myeloblastic involvement observed7.
In the 2016 WHO classification, the first category was merged
into AML with myelodysplastic related changes and retains the
category of pure as the only form of acute erythroid leukemia6.
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The most common clinical presentation is pancytopenia
with extensive marrow involvement. Furthermore,
hepatosplenomegaly has been reported in approximately 40%
of cases with erythroleukemia and a subset of cases present
with extramedullary disease8,9. Erythroleukemia has a very
poor prognosis, poor response to conventional chemotherapy
and a median survival of 3 months10.
Vitamin B12 is an essential cofactor in the cell metabolism and
DNA synthesis and is crucial for erythropoiesis. Its deficiency
increase erythroblast apoptosis resulting in anemia or even
pancytopenia which can be very difficult to differentiate from
hematologic malignancy. Although rare among children, it
is a common condition among elderly patients, pregnant and
vegetarians11,12.
The aim of this report is to present a case of acute erythroleukemia
which was masked and delayed due to co-existence of vitamin
B12 deficiency in a young vegetarian patient.
THE CASE
A fourteen-year-old Bahraini female presented with one-month
history of epigastric pain associated with nausea, vomiting,
dizziness and fatigue. Further investigation revealed an
intentional weight loss of approximately 10 kilograms over a
span of 6 weeks.
Her dietary history elucidated that the patient had a very poor
diet for the past one and a half year, consisting mostly of rice
and vegetables, avoiding fish, meat and poultry products. Her
medical, surgical, and family histories were unremarkable.
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Clinical examination revealed non-contributory findings except
for tenderness in the epigastric region. Basic investigations
revealed a hemoglobin level of 58 g/L, normocytic,
normochromic, WBC of 2.26x109/L and a platelet count of
84x109/L. The reticulocyte count was normal and the peripheral
blood smear revealed nucleated RBC and few circulating
blasts, mild macrocytosis, poikilocytes, polychromatophils and
stippling basophils. Renal and liver function, electrolytes and
iron profile were normal.
Vitamin B12 level was 152 (normal range: 211-911), increased
homocysteine serum level 37.9 µmol/L (<15 µmol/L),
whereas methylmalonic acid, parietal cells and intrinsic factor
antibodies were within normal limits. Gastroscopy was normal.
The patient’s clinical presentation and laboratory results led
to a provisional diagnosis of vitamin B12 deficiency. She was
given B12 intramuscular injection.
During follow-up, further CBC results revealed that the patient
had not shown any significant improvement, which raised the
suspicion of bone marrow disease as the cause of pancytopenia.
Bone marrow aspiration and biopsy revealed a hypercellular
marrow, a severe hyperplasia of the erythropoietic system
with dysplastic features (megaloblastic changes and multiple
nuclei), and approximately 70% of erythroid blasts of all
nucleated cells. The blast population was cytochemical MPO
positive.
The immunophenotyping by flow cytometry expressed CD13
(heterogeneous), CD33, CD34 (dim), CD117 (dim) and HLADR (heterogeneous). The karyotyping results were normal (46,
XX [25]), see figure 1.

presentation of vitamin B12 deficiency with leukemia, and the
difficulty of distinguishing them14,15.
Our patient had a history of very poor oral intake and strict
vegetarian diet for one year and a half, which was the cause
of vitamin B12 deficiency. A study reported that vitamin B12
depletion occurs in vegetarians irrespective of the type of diet
they are on, age, or residential area16.
The need for the treatment of vitamin B12 deficiency prior
to labeling a patient with erythroleukemia has thus been well
demonstrated in a case presented by Kappeler and Gubser,
where the diagnostic signs completely disappeared following
B12 replacement15.
Our case was labeled as vitamin B12 deficiency and was treated
accordingly with a course of vitamin B12 injection. However,
the hematological abnormalities persisted which raised the
suspicion of bone marrow malignancy.
Bone marrow aspiration and biopsy revealed a characteristic
morphologic pattern of erythroleukemia with the myeloid
component. The marrow was replaced by approximately
70% of dysplastic erythroid blasts displaying a typical
immunophenotype, although the most typical markers for
erythroblasts (CD 36 and glycophorin A) were not tested in
our patient. The remaining blast population was MPO positive.
The morphology and immunophenotype by flow cytometry
confirmed the diagnosis of erythroleukemia (myeloid/erythroid
component).
In our patient, the cytogenetic study was normal, which is in
contrast with the majority of the studies. That shows a significant
number of genetic aberrations including abnormalities on
either chromosome 5 or 7 and complex karyotype, although
no specific mutation has been described3,17. In a recent study,
Wang et al found TP53 mutation in 100% of 10 patients with
PEL indicating that this mutation could play a role in the
pathogenesis, complex karyotype and genomic instability in
PEL18.
CONCLUSION
Clinical guidelines are mandatory for the proper
management of patients with erythroleukemia. It is also
very important to address other co-factors that may mimic
or hinder the diagnosis, such as vitamin B12.
__________________________________________________

Figure 1: Patient’s Karyotype
DISCUSSION
Acute erythroleukemia is a rare disease, comprising only
5% of all AML, and is rarely seen in patients below the age
of 20 years. Similarly, vitamin B12 deficiency is rare among
children11,13.
Vitamin B12 deficiency could induce a significant change in
the bone marrow, which in turn could mimic the diagnosis of
leukemia. Several cases have been reported of the concomitant

Author Contribution: All authors share equal effort
contribution towards (1) substantial contributions to conception
and design, acquisition, analysis and interpretation of data;
(2) drafting the article and revising it critically for important
intellectual content; and (3) final approval of the manuscript
version to be published. Yes.
Potential Conflicts of Interest: None.
Competing Interest: None.
Sponsorship: None.

185

Bahrain Medical Bulletin, Vol. 40, No.3, September 2018 					

Acceptance Date: 12 June 2018.
Ethical Approval: Approved by the Research and Ethics
Committee, King Hamad University Hospital, Bahrain.
REFERENCES
1.
2.

3.
4.

5.

6.

7.

186

Circolo E, Loro Funzione Piastrinopoietica. Folia Med
(Pavia) 1917. (13):386.
Santos FP, Faderl S, Garcia Manero G, et al. Acute
Erythroleukemia: An Analysis of 108 Patients Treated with
Cytarabine Containing Regimens at the MD Anderson
Cancer Center. Blood 2008; 112(11):925.
Latif N, Salazar E, Khan R, et al. The Pure Erythroleukemia:
A Case Report and Literature Review. Clin Adv Hematol
Oncol 2010; 8(4):283-90.
Kowal-Vern A, Mazzella FM, Cotelingam JD, et al.
Diagnosis and Characterization of Acute Erythroleukemia
Subsets by Determining the Percentages of Myeloblasts
and Proerythroblasts in 69 Cases. Am J Hematol 2000.
65(1):5–13.
Bennet JM, Catovsky D, Daniel MT, et al. Proposed
Revised Criteria for the Classification of Acute Myeloid
Leukemia. A Report of the French-American-British
Cooperative Group. Ann Int Med 1985; 103(4):620-5.
Arber DA, Orazi A, Hasserjian R, et al. The 2016 Revision
of the World Health Organization (WHO) Classification of
Myeloid and Acute Leukemia. Blood 2016; 127(20):23912405.
Swerdlow SH, Campo E, Harris NL, et al, eds. WHO
Classification of Tumors of Hematopoietic and Lymphoid
Tissues. (LARC WHO Classification of Tumors). 4th ed.
Lyon, France: WHO Press; 2008.

8.

9.
10.

11.
12.
13.

14.
15.
16.
17.
18.

Olopade OI, Thangavelu M, Larson RA, et al. Clinical,
Morphologic and Cytogenetic Characteristics of 26
Patients with Acute Erythroblastic Leukemia. Blood 1992;
80(11):2873-82.
Wang HY, Huang LJ, Liu Z, et al. Erythroblastic Sarcoma
Presenting as Bilateral Ovarian Masses in an Infant with
Pure Erythroid Leukemia. Hum Pathol. 2011; 42:749–58.
Liu W, Hasserjian RP, Hu Y, et al. Pure Erythroid
Leukemia: A Reassessment of the Entity Using the 2008
World Health Organization Classiﬁcation. Mod Pathol
2011; 24:375–83.
Hunt A, Harrington D, Robinson S. Vitamin B 12
Deficiency. BMJ 2014; 349:g5226.
Koury MJ. New Insights into Erythropoiesis: The Role of
Folate, Vitamin B12 and Iron. Ann Rev Nut 2004; 24:10531.
Davey FR, Abraham N, Brunetto VL, et al. Morphologic
Characteristics of Erythroleukemia (Acute Myeloid
Leukemia; FAB-M6): A CALGB Study. Am J Hematol.
1995; 49:29-38.
Aitelli C, Wasson L, Page R. Pernicious Anemia:
Presentations Mimicking Acute Leukemia. South Med J
2004; 97(3):295-7.
Kappeler R, Gubser M. Megaloblastic Vitamin B12
Deficiency Anemia with Erythroblastic Picture. Schweiz
Med Wochenchr 1978; 108(15):560-63.
Pawlak R, Parrott JS, Raj S, et al. How Prevalent is
Vitamin B12 Deficiency Among Vegetarians? Nutr Rev
2013; 71 (2): 110-17.
Santos FP, Faderl S, Garcia-Manero G, et al. Adult Acute
Erythroleukemia: An Analysis of 91 Patients Treated at a
Single Institution. Leukemia. 2009; 23:2275-80.
Wang W, Wang SA, Medeiros JL, et al. Pure Erythroid
Leukemia. Am J Hematol 2017; 92:292-96.

