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ABSTRACT
Background: Glycosylated hemoglobin (HbA1c) serves as a crucial biomarker for the diagnosis
and monitoring of diabetes. It can be measured via different methods. Interference during analy-
sis can potentially arise from various factors, including rare occurrences such as hyperleukocytosis.
Case presentation: Here, we present the case of a 54-year-old male patient with a 20-year his-
tory of type 2 diabetes mellitus who complained of prolonged lethargy, epigastric discomfort, and
constitutional symptoms ofmalignancy. Further investigation revealed a diagnosis of T-cell prolym-
phocytic leukemia accompanied by hyperleukocytosis, indicated by a white cell count of 574.60×
109/L with predominant lymphocytes. Chemotherapy and tumor lysis syndrome prophylaxis were
initiated. During diabetic monitoring, analysis of HbA1c using capillary electrophoresis revealed
an absent HbA1c peak; this has not previously been observed. To address this finding, the sam-
ple underwent repeated saline washing and centrifugation. Subsequent analysis demonstrated an
improvement, with a well-fractionated HbA1c peak present at 8.7% (71 mmol/mol). Various fac-
tors can interfere with HbA1c analysis. Drug and hemoglobin variant interference was ruled out
following the recovery of the peak post saline washing. The accelerated migration speed of the
sample caused by interfering substances in the plasma was postulated to result in a profile shift,
leading to the non-recognition of HbA1c fractions. Conclusion: By implementing the important
step of washing out interfering molecules, the shift was eliminated, allowing for a true HbA1c level
measurement. The appearance of an HbA1c peak post saline wash suggests the presence of en-
dogenous substances that interfere with the assay's analytical method.
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INTRODUCTION
HbA1c is a glycosylated hemoglobin (Hb) adduct
that is well-accepted as a versatile marker of hyper-
glycemia in diabetes mellitus (DM). It can be used to
screen, diagnose, and monitor DM patients so that
optimum treatment can be given to slow downdisease
progression. However, it may not represent the actual
glycemic control status in certain patients. The pres-
ence ofHb variants, diseases that impair red blood cell
(RBC) survival (such as hemolytic anemia), as well
as the administration of certain drugs that may af-
fect RBC integrity (e.g., dapsone, hydroxyurea) or vi-
tamins (e.g., vitamins C and E) are known factors that
may adversely affect HbA1c levels. Here, we report a
rare case of undetectable HbA1c associated with hy-
perleukocytosis secondary to T-cell prolymphocytic
leukemia (TPLL).

CASE PRESENTATION
A 54-year-old Malay gentleman with underlying hy-
perlipidemia and type 2 diabetes mellitus (T2DM) on

insulin therapy since 2004 initially presented with a
few weeks’ history of lethargy and epigastric discom-
fort associated with abdominal distention and pedal
edema. He was admitted for further assessment. The
initial workup, including a full blood count (FBC),
showed that the total white cell (TWC) count was
markedly raised (574.60 × 109/L), with lymphocytes
predominating (558.42× 109/L [97.2%]), a red blood
cell (RBC) count of 3.81 × 109/L, Hb = 11.3 g/dL,
and platelets = 81× 109/L. A full blood picture (FBP)
revealed significant hyperleukocytosis, with 98% ab-
normal lymphoid cells (Figure 1). Based on these
features, lymphoproliferative disorder needed to be
considered. To explain the patients’ white cell count
of over 50,000 × 109/L, a bone marrow aspiration
and trephine (BMAT) biopsy and flow cytometry im-
munophenotyping were performed, revealing TPLL.
The patient was started on induction chemother-
apy with 3-cycle fludarabine, mitoxantrone, and cy-
clophosphamide, as well as prophylactic allopuri-
nol, hydroxyurea, and hyperhydration as a preventive

Cite this article : Razak A A A, Ismail T S T, Zulke lee R H, Rahim S N A, Zulke lee H A, Nik W N F H W. 
Hyperleukocytosis: a unique cause of an unidentifiable hemoglobin A1c peak. Biomed. Res. Ther. 
2024; 11(1):6146-6150.

Copyright

© Biomedpress. This is an open-
access article distributed under the 
terms of the Creative Commons 
Attribution 4.0 International license.

6146

https://orcid.org/0000-0002-7739-8323
https://orcid.org/0000-0003-2760-0703
https://orcid.org/0000-0002-1878-0813
https://orcid.org/0000-0003-3504-3548
https://orcid.org/0000-0002-8319-1943
https://crossmark.crossref.org/dialog/?doi=10.15419/bmrat.v11i1.858&domain=pdf&date_stamp=2024-1-31


Biomedical Research and Therapy 2024, 11(1):6146-6150

strategy against tumor lysis syndrome (TLS). In view
of the patient’s comorbidity of T2DM, fasting blood
glucose (FBS) and HbA1c were measured to assess
glycemic control. The FBS value was 11.2 mmol/L.
However, surprisingly, no HbA1c peak was detected
in the initial run using the capillary electrophoresis
(CE) method (Figure 2).
Thus, the sample was treated by removing the plasma,
and the remaining RBCs were washed 3 times with
saline (the sample was centrifuged after each wash
step). The analysis was repeated, and the result is
shown in Figure 3.

DISCUSSION
DM is a common occurrence in cancer patients due
to the effects of cancer treatment regimes. Many pa-
tients with pre-existing DM undergoing cancer treat-
ment develop iatrogenic hyperglycemia most com-
monly associated with steroid administration1. This
may pose a significant challenge inmonitoring the pa-
tient’s actual glycemic control status. Clinical man-
agement should be tailored to the individual patient
to maintain euglycemia and prevent further compli-
cations2. In the present case, the patient was diag-
nosed with TPLL on top of having T2DM and being
on insulin therapy for the past 20 years; this presenta-
tion posed a challenge to the managing team.
TPLL is characterized by the malignant proliferation
of mature T lymphocytes. The morphology is de-
scribed as hyperleukocytosis with the marked prolif-
eration of small- to medium-sized prolymphocytes,
showing distinct cytoplasmic blebbing, similar to our
case. The cells in B- and T-CLLs are small and mostly
well-differentiated. Immunophenotypically, they are
positive for CD7, CD2, CD5, and CD3, with CD52
usually also exhibiting bright expression. Patients
will usually be given high-dose chemotherapy, and in
certain cases, hematopoietic stem cell transplantation
may offer a curative outcome. Nevertheless, it is gen-
erally resistant to conventional chemotherapy and has
a poor prognosis3.
The presence of hyperviscosity and leukostasis syn-
dromes in TPLL is uncommon. To increase whole-
blood viscosity, a cell count of at least 1,000,000
cells/µL is needed to reach a leucocrit of 20%4. Hy-
perleukocytosis occurs when the white blood cell
(WBC) count exceeds 100,000 cells/µL.When hyper-
leukocytosis becomes clinically evident, it is known as
leukostasis. It can result in complications such as TLS
and disseminated intravascular coagulopathy (DIC)5.
Various methods can be used to improve patients’
outcomes in cases of symptomatic hyperleukocytosis.
These include induction chemotherapy, supportive

treatments, and cytoreductive therapy using corticos-
teroids, leukapheresis, and chemotherapeutic agents
such as hydroxyurea6.
At presentation, the current patient had hyperleuko-
cytosis without leukostasis. He was given fluid ther-
apy, allopurinol, and hydroxyurea as preventive mea-
sures against TLS at the commencement of induc-
tion chemotherapy. In addition to the assessment of
liver and renal function and electrolyte abnormali-
ties, HbA1c was measured as part of the monitoring
process in view of the patient’s comorbidity. How-
ever, the initial HbA1c result was unreportable as no
HbA1c peak was detected by the assay. HbA1c was
measured using CE, which is reported to have better
resolution and less interference from interfering sub-
stances. In the present case, hydroxyurea was given
to the patient; this drug is known to interfere with
HbA1c measurement. The drug causes a shift from
HbA to HbF, leading to a lower HbA1c level7,8. The
drug should thus be withheld to stop the alteration
process to measure the HbA1c level9. However, the
false HbA1c result of the initial run in this report
is not likely to be due to interference with hydrox-
yurea as the HbA1c peak was detected after washing
the sample with saline. If hydroxyurea had affected
the HbA1c peak, the result should have remained the
same even after the washing step.
Other causes of an absent HbA1c peak include the
presence of Hb variants that can interfere withHbA1c
measurement methods. For example, HbA synthe-
sis is reduced in β -thalassemia and hereditary persis-
tence of fetal Hb (HPFH), causing falsely low HbA1c
regardless of the analytical methods used10. Drugs
that can cause hemolysis, like dapsone and certain an-
tiretroviral agents, can also result in spuriously low
HbA1c levels11.
The absence of an HbA1c fraction in this patient is
postulated to be due to accelerated migration caused
by the presence of some unknownmolecules secreted
by the malignant cells. It is unlikely to be due to fac-
tors endogenous to the erythrocytes since the HbA1c
peak was recognizable after the saline wash12.

CONCLUSION
Hyperleukocytosis is a potential cause of interference
in HbA1c measurement, possibly due to proteins or
other substances secreted by the malignant cells. As
presented, in our patient with hyperleukocytosis, no
HbA1c peak was detected in the pre-treatment sam-
ple. This hypothesis arises based on the observation
that washing the plasma out of the sample could elim-
inate the interference. Unfortunately, the exact mech-
anism that underlies the condition is still unclear, and
further studies are needed to identify its true cause.
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Figure 1: FBP with microscopic and Wright’s staining features. (A: 10x HPF) and (B: 40x HPF). Hyperleuco-
cytosis with abundant abnormal lymphoid cells described as varying sizes ranging from small to medium, scanty
with some cytoplasmic blebbing, and irregular nuclear outline. Occasional smudges are seen. Otherwise, nor-
mochromic normocytic RBC with thrombocytopenia.

Figure 2: Pre-treatment sample. Electropherogram from CE showed unidentifiable peak with absent of HbA1c
fraction at the initial run.
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Figure 3: Post-treatment sample. Electropherogram from CE showed amelioration of Hb peak with detectable
HbA1c of 8.7% (71 mmol/mol) in post washing and centrifugation sample.

ABBREVIATIONS

BMAT: bone marrow aspiration and trephine biopsy
CE: Capillary Electrophoresis
DIC: Disseminated Intravascular Coagulopathy
DM: Diabetes Mellitus
FBP: Full Blood Picture
FBS: Fasting Blood Glucose
HbA1c: Glycosylated Haemoglobin
Hb: Haemoglobin
HPF: High Power Field
HPFH: Hereditary Persistence of fetal Hb
RBC: Red Blood Cell
T2DM: Type 2 Diabetes Mellitus
T-PLL: T-cell prolymphocytic Leukemia
TWC: Total White Cell Count
TLS: Tumor Lysis Syndrome

ACKNOWLEDGMENTS

We thank Dr. Aniza Mohammed Jelani, Head of the
Department of Chemical Pathology, for her support.

AUTHOR’S CONTRIBUTIONS

Abdul Razak AA, Tuan Ismail TS, Zulkeflee RH, Ab
Rahim SN, Zulkeflee HA, and Wan Nik WNFH, con-
tributed equally to this work; Wan Nik WNFH su-
pervised and directed the focus of this review; Abdul
Razak AA, Tuan Ismail TS, Zulkeflee RH, Ab Rahim
SN, ZulkefleeHA,WanNikWNFHperformed the lit-
erature review. All authors have reviewed and agreed
upon the final version of this case report.

FUNDING

None.

6149



Biomedical Research and Therapy 2024, 11(1):6146-6150

AVAILABILITY OF DATA AND
MATERIALS
Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE
Not applicable.

CONSENT FOR PUBLICATION
Written informed consent was obtained from the pa-
tient for publication of this case report and any ac-
companying images. A copy of the written consent
is available for review by the Editor-in-Chief of this
journal.

COMPETING INTERESTS
The authors declare that they have no competing in-
terests.

REFERENCES
1. Flory J, Farooki A. Diabetes management in cancer patients.

Oncology (Williston Park, NY). 2016;30(6):565–70. PMID:
27306711.

2. Barone BB, Yeh HC, Snyder CF, Peairs KS, Stein KB, Derr RL.
Long-term all-cause mortality in cancer patients with pre-
existing diabetes mellitus: a systematic review and meta-
analysis. Journal of the American Medical Association.
2008;300(23):2754–64. PMID: 19088353. Available from:
https://doi.org/10.1001/jama.2008.824.

3. Graham RL, Cooper B, Krause JR. T-cell prolymphocytic
leukemia. Baylor University Medical Center Proceedings;
2013. Available from: https://doi.org/10.1080/08998280.2013.
11928902.

4. Marjanović G, Nikolić V, Vukićević T, Golubović LM, Drašković
D. Hyperlymphocytosis in a patient with T-prolymphocytic
leukemia not responding to therapy: case report. Scientific
Journal of the Faculty of Medicine in Niš. 2011;28(2):135–8.

5. Giammarco S, Chiusolo P, Piccirillo N, Giovanni AD, Metafuni
E, Laurenti L. Hyperleukocytosis and leukostasis: manage-
ment of a medical emergency. Expert Review of Hematol-
ogy. 2017;10(2):147–54. PMID: 27967252. Available from:
https://doi.org/10.1080/17474086.2017.1270754.

6. Korkmaz S. The management of hyperleukocytosis in 2017:
do we still need leukapheresis? Transfusion and Apheresis
Science : Official Journal of the World Apheresis Association
: Official Journal of the European Society for Haemapheresis.
2018;57(1):4–7. PMID: 29477941. Available from: https://doi.
org/10.1016/j.transci.2018.02.006.

7. HellmanR. WhenareHBA1Cvaluesmisleading? AACEClinical
Case Reports. 2016;2(4):e377–9. Available from: https://doi.
org/10.4158/EP161209.CO.

8. Unnikrishnan R, Anjana RM, Mohan V. Drugs affecting HbA1c
levels. Indian Journal of Endocrinology and Metabolism.
2012;16(4):528–31. PMID: 22837911. Available from: https:
//doi.org/10.4103/2230-8210.98004.

9. Miller BA, Platt O, Hope S, Dover G, Nathan DG. Influence of
hydroxyurea on fetal hemoglobin production in vitro. Blood.
1987;70(6):1824–1829. Available from: v.

10. Chen Z, Shao L, Jiang M, Ba X, Ma B, Zhou T. Interpretation
of HbA1c lies at the intersection of analytical methodology,
clinical biochemistry and hematology (Review). Experimental
and Therapeutic Medicine. 2022;24(6):707. PMID: 36382101.
Available from: https://doi.org/10.3892/etm.2022.11643.

11. Chakraborthy S. Unknown Peaks and Spuriously Low Values
of Glycated Haemoglobin by High Performance Liquid Chro-
matography: A Cross-sectional Survey. National Journal of
Laboratory Medicine. 2022;11(1):B028–B030.

12. Capillarys HbA1c, using the Capillarys 2 Flex-Piercing Instru-
ment, Sebia. 2018. .

6150

https://www.ncbi.nlm.nih.gov/pubmed/27306711
https://www.ncbi.nlm.nih.gov/pubmed/19088353
https://doi.org/10.1001/jama.2008.824
https://doi.org/10.1080/08998280.2013.11928902
https://doi.org/10.1080/08998280.2013.11928902
https://www.ncbi.nlm.nih.gov/pubmed/27967252
https://doi.org/10.1080/17474086.2017.1270754
https://www.ncbi.nlm.nih.gov/pubmed/29477941
https://doi.org/10.1016/j.transci.2018.02.006
https://doi.org/10.1016/j.transci.2018.02.006
https://doi.org/10.4158/EP161209.CO
https://doi.org/10.4158/EP161209.CO
https://www.ncbi.nlm.nih.gov/pubmed/22837911
https://doi.org/10.4103/2230-8210.98004
https://doi.org/10.4103/2230-8210.98004
v
https://www.ncbi.nlm.nih.gov/pubmed/36382101
https://doi.org/10.3892/etm.2022.11643

	Hyperleukocytosis: a unique cause of an unidentifiable hemoglobin A1c peak 
	Introduction 
	CASE PRESENTATION 
	DISCUSSION 
	CONCLUSION 
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References




