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Background: Pancytopenia is characterized by a decrease in all three types of blood cells. Instead of being a standalone disease, it
acts as a common outcome resulting from various factors, including infections, autoimmune disorders, genetic issues, nutritional
deficiencies, and malignancies. Pinpointing the root cause of pancytopenia poses a challenge but is essential for devising an
effective treatment plan and predicting the likely prognosis. Vitamin B12 deficiency is a common cause of megaloblastic anemia,
pancytopenia, and various neuropsychiatric symptoms. However, diagnosing vitamin B12 deficiency lacks a definitive gold
standard.

Case Presentation: We present two cases where patients initially exhibited pancytopenia with seemingly normal vitamin B12
levels. Based on a bone marrow biopsy, they were initially diagnosed with myelodysplastic syndrome (MDS). Subsequent in-
vestigations revealed elevated serum methylmalonic acid (MMA) levels, leading to a revised diagnosis of vitamin B12 deficiency.
Both patients showed positive responses to adequate vitamin B12 supplementation.

Conclusion: Our case series highlights the importance of ruling out alternative causes of dysplasia in MDS when solely
morphological abnormalities are observed on a bone marrow biopsy. It also underscores the crucial aspect of assessing MMA and
homocysteine levels in individuals with normal vitamin B12 levels when there is a high clinical suspicion of B12 deficiency.
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1. Introduction/Background

Vitamin B12 deficiency is often encountered in routine
clinical practice. It can present with hematological abnor-
malities indicative of myelodysplastic syndrome (MDS),
a hematological malignancy characterized by pancytopenia,
cytogenetic abnormalities, and ineffective hematopoiesis [1].
The diagnosis involves a bone marrow biopsy evaluation and
necessitates carefully excluding other potential causes of
cytopenia, such as nutritional deficiencies, drug toxicities,
infections, and autoimmune diseases [2].

Vitamin B12, or cobalamin deficiency, is a frequently
encountered nutritional deficiency, manifesting with a wide
range of clinical symptoms [3]. B12 deficiency, although very
rarely, can lead to bone marrow failure and dysplasia,

resulting in severe pancytopenia without the typical mani-
festations of this condition [4]. Consequently, if B12 de-
ficiency is not considered in the differential diagnosis of
cytopenia’s and bone marrow dysplasia, there is a risk of
misdiagnosing it as myelodysplastic syndrome. Despite
limitations in specificity and ongoing controversies about
sensitivity, the measurement of plasma cobalamin remains
the gold standard for diagnosing vitamin B12 deficiency.
Notably, the results can offer intriguing information in
clinical practice but may also be misleading [5].

We present two cases in which patients with vitamin B12
deficiency were initially misdiagnosed as having myelo-
dysplastic syndrome (MDS). Moreover, we demonstrate the
potential for grave consequences if nutritional deficiencies
are not ruled out, such as unnecessary invasive diagnostic
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interventions like bone marrow biopsy and treatment with
hypomethylating agents [2]. This paper underscores the
need for a comprehensive diagnostic assessment of patients
with cytopenia and bone marrow dysplasia and aims to shed
further light on the need for appropriate diagnosis to ensure
appropriate and effective patient care.

2. Case Report 1

A 69-year-old female with a history of hypertension visited
the Internal Medicine clinic due to bilateral leg weakness
accompanied by numbness, tingling, and night sweats. Upon
examination, the patient had macrocytic anemia and was
referred to the hematology clinic for further investigation.
Notably, the patient did not have a history of heavy alcohol
consumption.

The laboratory workup revealed a macrocytic anemia,
with a hemoglobin level of 9.4g/dL (a decrease from
12.7g/dL 2years ago) and a mean corpuscular volume
(MCV) of 131.5 fL. Other blood counts were within normal
ranges. Vitamin B12 levels were measured at 1385 pg/mL,
and folate levels were normal. Reticulocytopenia was noted,
along with normal iron stores. Elevated lactate de-
hydrogenase (LDH) levels were observed at 546 IU/L, and
haptoglobin was undetectable. Direct Coombs test results
were negative. Thyroid-stimulating hormone (TSH) and
liver function tests (LFTs) were within normal limits. HIV
testing yielded negative results. Serum protein electro-
phoresis with immunofixation did not show any mono-
clonal protein. The peripheral smear revealed macrocytic
normochromic anemia with anisopoikilocytosis, ovalo-
cytes, teardrop forms, and mild neutropenia featuring
hypersegmented neutrophils.

Bone marrow biopsy results indicated morphology
consistent with myelodysplastic syndrome with single lin-
eage dysplasia (MDS-SLD), mainly affecting more than 10%
of megakaryocytes without increased blasts or fibrosis.
Notably, no dysplastic changes were reported in the ery-
throid or granulocytic precursors. Chromosomal analysis
revealed a normal female karyotype and fluorescent in situ
hybridization (FISH) for the MDS panel with multiple
probes was within normal limits.

The initial diagnosis classified the patient with low-risk
MDS and assigned a revised international prognostic scoring
system (R-IPSS) of 2.5. Her erythropoietin level was measured
at 57.86 mU/mL. Treatment was initiated with Epoetin-alfa
(Retacrit) at a dosage of 40,000 units weekly. However, due to
her anemia’s lack of improvement, the dosage was then in-
creased to 60,000 units. Despite the treatment, the patient
remained transfusion-dependent, requiring a blood trans-
fusion approximately once every 4-6 weeks.

The patient’s leg weakness deteriorated, leading to her
becoming wheelchair bound. Subsequent lab tests revealed
worsening anemia, progressive thrombocytopenia, and
neutropenia. Electromyography (EMG) results indicated
a mild mixed axonal and demyelinating peripheral poly-
neuropathy. A repeat bone marrow biopsy suggested
a persistent myeloid neoplasm with features of MDS with
multilineage dysplasia, indicative of disease progression.
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Notably, chromosome analysis and FISH panel remained
normal. A comprehensive 51-gene myeloid molecular panel
associated with MDS mutations returned negative results.

Given the absence of evidence for a clonal myeloid
process beyond multilineage dysplasia, further investigation
was undertaken into other causes of bone marrow dysplasia.
Upon reevaluation of the peripheral smear, hypersegmented
granulocytes were observed despite normal serum BI2
levels. Consequently, a serum methylmalonic acid (MMA)
level was measured and elevated, suggesting a vitamin B12
deficiency anemia diagnosis.

The patient commenced vitamin B12 injections, im-
proving her symptoms and resolving pancytopenia within
the subsequent four months. This outcome underscored the
importance of considering nutritional deficiencies, such as
vitamin B12, in the differential diagnosis of cytopenia and
bone marrow dysplasia.

3. Case Report 2

The case involves a 66-year-old female with a history of
hypertension who presented to the emergency department
with complaints of significant weight loss (401bs in one
year), fatigue, and a new rash. Laboratory tests revealed
pancytopenia, with a white blood cell (WBC) count of
1.8x10°/L, hemoglobin of 6.5g/dL (macrocytic), and
platelets of 128 x 10°/L.

An extensive workup was initiated to investigate the cause
of her pancytopenia, ruling out various potential factors such
as iron deficiency anemia, vitamin deficiency, gammopathy,
infections, heavy metals, and autoimmune causes. Computed
tomography (CT) scans of the chest and abdomen/pelvis
showed no evidence of occult lymphadenopathy or hep-
atosplenomegaly. The vitamin B12 level was measured within
normal limits at 411 pg/mL. A bone marrow biopsy revealed
hypercellular bone marrow (60%-70%) with trilineage he-
matopoiesis and significant dysplasia in both megakaryocytes
and erythroid cells (> 10% in both lines), morphologically
indicative of MDS. However, FISH was negative, and the
karyotype was normal. Molecular testing was pending due to
insurance issues. The International Prognostic Scoring
System-Revised (IPSS-R) categorized her as intermediate risk.
Given their similar efficacies, she was offered initiation of
either IV azacitidine or oral decitabine and opted for oral
medications. While her insurance was pending approval for
the initiation of her medication, further workup was initiated
for other potential causes of her cytopenia. The MMA level was
obtained and was greater than 5.00 mmol/L, confirming a true
vitamin B12 deficiency. Intrinsic factors were also obtained,
and the test was positive. In addition, the patient received
a diagnosis of lichen planus based on a skin biopsy of her rash.

B12 deficiency can sometimes mimic MDS, so the pa-
tient was initially treated with a 5-day course of Vitamin B12
injections before starting oral decitabine. Subsequently, her
blood counts significantly improved with B12 injections,
suggesting that B12 deficiency was the primary cause of her
pancytopenia rather than MDS. As a result, she was placed
on lifelong monthly injections for her B12 deficiency with
routine follow-up.



Case Reports in Hematology

4. Discussion

MDS represents clonal myeloid stem cell disorders linked to
ineffective hematopoiesis, bone marrow dysplasia, and di-
minished blood counts [6]. Approximately half of MDS
cases exhibit a normal karyotype, and the diagnosis relies on
bone marrow biopsy findings demonstrating dysplastic
changes in 10% or more of one or more cell lineages [6].
While MDS can be idiopathic, numerous factors, including
chemotherapy, radiation, and chemical exposures (such as
benzodiazepines and tobacco), can contribute [7]. Before
confirming an MDS diagnosis, reversible causes of dysplasia,
such as nutritional deficiencies, infections (including HIV),
medications, alcohol consumption, and deficiencies in
copper, folate, or vitamin B12 must be excluded [7]. A high
level of suspicion for MDS is warranted in individuals
presenting with cytopenia or symptoms such as infection,
bleeding, or fatigue, coupled with dysplastic findings on
peripheral smear [7].

The pathogenesis of MDS involves mutations in over 50
recurrently mutated genes, encompassing those encoding
proteins involved in pre-mRNA splicing, epigenetic regula-
tion, and transcription [8]. Around 90% of MDS patients
harbor at least one oncogenic mutation, with two thirds found
in those with a normal karyotype. Treatment primarily fo-
cuses on managing symptomatic cytopenias through trans-
tusions and erythropoiesis-stimulating agents [8].

Vitamin B12 deficiency is a frequent cause of megalo-
blastic anemia and diverse neuropsychiatric symptoms [4].
Initial laboratory assessments should encompass a complete
blood count (CBC), peripheral blood smear (for evaluating
megaloblastic anemia), and measurement of serum BI2
levels [4]. In approximately 50% of individuals with sub-
clinical disease, vitamin B12 levels may appear normal. In
such cases, assessing serum MMA and homocysteine levels,
which show early elevation in vitamin B12 deficiency, proves
to be a more sensitive screening method [9]. Concurrent
elevation in MMA and homocysteine levels are 99.8%
sensitive for functional B12 deficiency, even when serum
B12 levels are within the reference range [9].

In addition to the previously mentioned markers, B12
deficiency can elevate propionyl carnitine (C3), which can
indicate conditions such as methylmalonic aciduria and
propionic acidemia [10]. This is particularly important in
newborns, in whom C3 demonstrates a negative association
with maternal B12 levels in the first trimester and, therefore,
be a useful biomarker in identifying early vitamin B12 de-
ficiency [10]. In our first case, elevated serum B12 levels were
detected, a finding that can signify serious underlying
conditions such as liver disease, where cobalamin is released
during hepatic cytolysis [11]. Furthermore, elevated B12 has
also been observed in hematologic conditions such as
promyelocytic leukemia, polycythemia vera, and chronic
myelogenous leukemia [11].

The sensitivity and specificity of serum B12 measurements
vary primarily due to the absence of a definitive gold standard
for diagnosis. Serum B12 levels below 100 pg/mL demonstrate
about 90% specificity [12]. However, many diagnostic algo-
rithms set the serum B12 cutoft at 250 pg/mL-300 pg/mL to

enhance sensitivity, even though most of these patients may
lack hematologic or neurologic manifestations of B12
deficiency [12].

In cases of pernicious anemia, where there are elevated
levels of anti-intrinsic factor antibodies, current methods for
measuring vitamin B12 levels can yield falsely normal or
high results. This is due to the assay’s nature, involving
binding to intrinsic factor (IF) following dissociation from
binding proteins, with a readout based on the remaining
unbound IF [13]. If antibodies to IF bind to the test IF
reagent, failure of IF-blocking antibodies denaturation can
lead to normal or increased measurement of vitamin B12
levels. This phenomenon is mainly observed in conditions
like pernicious anemia, where elevated levels of anti-intrinsic
factor antibodies are present [13].

In both cases, the patients initially received an MDS
diagnosis based on macrocytic anemia and bone marrow
biopsy findings. Despite a comprehensive workup, and in
our first case, the absence of improvement with transfusions
and erythropoiesis-stimulating agents, along with un-
expectedly normal FISH/cytogenetics, prompted a re-
consideration of the MDS diagnosis. Therefore, alternative
causes of macrocytic anemia in both cases were explored,
leading to the diagnosis of vitamin B12 deficiency.

5. Conclusion

This case series underscores the critical importance of
thoroughly investigating alternative causes of dysplasia in
MDS cases where only morphological abnormalities are ev-
ident on bone marrow biopsy. Failure to explore secondary
causes of cytopenia through bone marrow biopsy could result
in a misdiagnosis of MDS, causing unwarranted emotional
distress for the patient and inappropriate administration of
hypomethylating agents. In addition, it highlights the ne-
cessity of assessing MMA and homocysteine levels in patients
exhibiting normal vitamin B12 levels but with a heightened
clinical suspicion of B12 deficiency. Given the lack of de-
finitive diagnostic criteria for vitamin B12 deficiency, we
advocate for comprehensive screening protocols, particularly
in cases with significant suspicion, incorporating evaluations
of MMA and homocysteine levels. Furthermore, in instances
of pernicious anemia, where B12 levels may be falsely elevated
due to the presence of anti-intrinsic factor antibodies,
assessing both MMA and anti-intrinsic factor antibodies can
aid in establishing an accurate diagnosis.

Data Availability Statement

The clinical and pathologic data used to support the findings
of this study are included within the article.

Consent

Informed consent was obtained from the patients for the
publication of this manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.



Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

References

[1] T. Haferlach, “The Molecular Pathology of Myelodysplastic
Syndrome,” Pathobiology 86, no. 1 (July 2024): 24-29, https://
karger.com/pat/article/86/1/24/266408/The-Molecular-
Pathology-of-Myelodysplastic.

[2] S.H. Swerdlow, E. Campo, N. L Harris, et al., WHO Classification
of Tumours of Haematopoietic and Lymphoid Tissues (2024),
https://www.iarc.who.int/news-events/who-classification-of-
tumours-of-haematopoietic-and-lymphoid-tissues-2.

[3] B.L.Scott, B. Storer, M. R. Loken, R. Storb, F. R. Appelbaum,
and H. J. Deeg, “Pretransplantation Induction Chemotherapy
and Posttransplantation Relapse in Patients With Advanced
Myelodysplastic Syndrome,” Biology of Blood and Marrow
Transplantation 11, no. 1 (2005): 65-73, https://doi.org/
10.1016/j.bbmt.2004.10.001.

[4] R. C. Langan and A. J. Goodbred, “Vitamin B12 Deficiency:
Recognition and Management,” American Family Physician
96, no. 6 (2017): 384-389.

[5] Y. Kesbeh and Z. Pakbaz, “Pernicious Anemia: A Myelo-
dysplastic Syndrome Look-Alike,” Journal of Community
Hospital Internal Medicine Perspectives 9, no. 3 (2019):
240-243, https://doi.org/10.1080/20009666.2019.1622382.

[6] J. L. Dotson and Y. Lebowicz, “Myelodysplastic Syndrome,” in
StatPearls (StatPearls Publishing, 2024), http://www.ncbi.nlm.
nih.gov/books/NBK534126/.

[7] T. Luo, J. Zurko, J. Astle, and N. N. Shah, “Mimicking
Myelodysplastic Syndrome: Importance of Differential Di-
agnosis,” Case Reports in Hematology 2021 (2021): 1-3, https://
doi.org/10.1155/2021/9661765.

[8] A.S. Sperling, C. J. Gibson, and B. L. Ebert, “The Genetics of
Myelodysplastic Syndrome: From Clonal Haematopoiesis to
Secondary Leukaemia,” Nature Reviews Cancer 17, no. 1
(2017): 5-19, https://doi.org/10.1038/nrc.2016.112.

[9] P. Vashi, P. Edwin, B. Popiel, C. Lammersfeld, and D. Gupta,
“Methylmalonic Acid and Homocysteine as Indicators of Vitamin
B-12 Deficiency in Cancer,” PLoS One (2024): https://journals.
plos.org/plosone/article?id=10.1371/journal.pone.0147843.

[10] L. Hannibal, V. Lysne, A. L Bjorke-Monsen, et al., “Bio-
markers and Algorithms for the Diagnosis of Vitamin B12
Deficiency,” Frontiers in Molecular Biosciences 3 (2016): 27,
https://doi.org/10.3389/fmolb.2016.00027.

[11] A. A. M. Ermens, L. T. Vlasveld, and J. Lindemans, “Sig-
nificance of Elevated Cobalamin (Vitamin B12) Levels in
Blood,” Clinical Biochemistry 36, no. 8 (2003): 585-590,
https://doi.org/10.1016/j.clinbiochem.2003.08.004.

[12] R.L.Bergand G. R. Shaw, “Laboratory Evaluation for Vitamin
B12 Deficiency: the Case for Cascade Testing,” Clinical
Medicine and Research 11, no. 1 (2013): 7-15, https://doi.org/
10.3121/cmr.2012.1112.

[13] K. Amal, B. Adel, and S. Anurag, “Concomitant Megaloblastic
Anemia and Myelodysplastic Syndrome,” Journal of Case Re-
ports and Images in Pathology 4 (2018): https://www.
ijcripathology.com/archive/article-full-text/100026Z11AK2018.

Case Reports in Hematology


https://karger.com/pat/article/86/1/24/266408/The-Molecular-Pathology-of-Myelodysplastic
https://karger.com/pat/article/86/1/24/266408/The-Molecular-Pathology-of-Myelodysplastic
https://karger.com/pat/article/86/1/24/266408/The-Molecular-Pathology-of-Myelodysplastic
https://www.iarc.who.int/news-events/who-classification-of-tumours-of-haematopoietic-and-lymphoid-tissues-2
https://www.iarc.who.int/news-events/who-classification-of-tumours-of-haematopoietic-and-lymphoid-tissues-2
http://doi.org/10.1016/j.bbmt.2004.10.001
http://doi.org/10.1016/j.bbmt.2004.10.001
http://doi.org/10.1080/20009666.2019.1622382
http://www.ncbi.nlm.nih.gov/books/NBK534126/
http://www.ncbi.nlm.nih.gov/books/NBK534126/
http://doi.org/10.1155/2021/9661765
http://doi.org/10.1155/2021/9661765
http://doi.org/10.1038/nrc.2016.112
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147843
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147843
http://doi.org/10.3389/fmolb.2016.00027
http://doi.org/10.1016/j.clinbiochem.2003.08.004
http://doi.org/10.3121/cmr.2012.1112
http://doi.org/10.3121/cmr.2012.1112
https://www.ijcripathology.com/archive/article-full-text/100026Z11AK2018
https://www.ijcripathology.com/archive/article-full-text/100026Z11AK2018

	Unmasking Vitamin B12 Deficiency Misdiagnosed as Myelodysplastic Syndrome
	1. Introduction/Background
	2. Case Report 1
	3. Case Report 2
	4. Discussion
	5. Conclusion
	Data Availability Statement
	Consent
	Conflicts of Interest
	Funding
	References




