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Serum Calcium Levels as a Potential Biomarker in Pediatric Leukemia
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Abstract: This research evaluates serum calcium as a cost-effective, accessible biomarker for pediatric acute lymphoblastic
leukemia (ALL). A study of 80 participants in Sudan revealed that ALL patients have significantly lower serum calcium levels than
healthy controls. This hypocalcemia appears to be a consistent metabolic feature of the disease, independent of the patient's age or
gender. Furthermore, calcium levels did not vary significantly across different FAB subtypes or chemotherapy cycles. Interestingly,
serum calcium showed a strong correlation with disease duration, with lower levels found in the early stages of the illness. These
early deficits may stem from increased tumor activity, systemic inflammation, and chemotherapy-induced metabolic disruptions. The
findings emphasize that routine calcium monitoring is vital to prevent complications like decreased bone metabolism and cardiac
issues. Ultimately, the study advocates for integrated metabolic monitoring and supportive care to improve clinical management in

pediatric leukemia.
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INTRODUCTION

Acute leukemia represents the most common
malignancy in  childhood, accounting for
approximately 30% of all pediatric cancers, with
acute lymphoblastic leukemia (ALL) comprising
70-80% of cases [Jahan, F. et al., 2025; Kim, N.
T. T. et al., 2022]. Despite significant advances in
risk stratification and treatment protocols that have
improved 5-year survival rates to over 80% in
developed countries [Campbell, M. et al., 2023;
Gottschalk, H. et al., 2025], the identification of
novel biomarkers remains critical for early
diagnosis, risk assessment, and monitoring of
treatment response. Current prognostic tools rely
heavily on minimal residual disease (MRD)
assessment,  cytogenetic  abnormalities, and
immunophenotyping [Campbell, M. et al., 2023;
Saghir, S. A. M. et al., 2023], yet these approaches
require invasive bone marrow sampling and
specialized laboratory infrastructure. The search
for accessible, cost-effective biomarkers that can
complement  existing diagnostic  modalities
continues to drive pediatric oncology research.

The pathophysiology of pediatric leukemia
involves complex interactions between malignant
lymphoblasts and the bone marrow
microenvironment, leading to disruption of normal
hematopoiesis and metabolic homeostasis [Khalid,
A. et al., 2023; Katsurayama, F. K. et al., 2025].
Leukemic infiltration of bone marrow triggers
dysregulation of bone remodeling pathways,
particularly the receptor activator of nuclear factor
kappa-B ligand (RANKL)/osteoprotegerin (OPG)
axis, resulting in uncoupled bone formation and
resorption [Muggeo, P. et al., 2023; Atilano-
Miguel, S. et al., 2024]. This pathological bone

turnover can manifest as skeletal complications,
including osteopenia, pathological fractures, and
osteolytic  lesions, which are increasingly
recognized as significant sources of morbidity in
pediatric leukemia patients [Muggeo, P. et al.,
2023; Utriainen, P. et al., 2026]. Furthermore,
certain genetic subtypes, such as TCF3::HLF
fusion-positive ALL, demonstrate a particularly
aggressive phenotype characterized by extensive
bone destruction and metabolic derangements
[Lin, W. et al., 2025]. These observations suggest
that  biochemical markers reflecting bone
metabolism may provide valuable insights into
disease biology and clinical outcomes.

Contemporary biomarker strategies in pediatric
ALL encompass multiple domains, including
genetic profiling, circulating molecular markers,
and proteomic signatures [Saghir, S. A. M. et al.,
2023; Kourti, M. et al., 2023; Alvarez-Zufiga, C.
D. et al., 2023]. MRD quantification by flow
cytometry has become the gold standard for risk
stratification, enabling treatment intensification or
de-escalation based on early response [Campbell,
M. et al., 2023]. Genetic aberrations such as
ETV6-RUNX1, BCR-ABL1, and IKZF1 deletions
inform prognosis and guide targeted therapy
selection [Kim, N. T. T. et al., 2022; Lee, S. H. et
al., 2024]. Emerging circulating biomarkers,
including long non-coding RNAs such as
LINCO00958, show promise for non-invasive
disease monitoring and relapse prediction [Altieri,
F. et al, 2024]. Proteomic approaches have
identified candidate biomarkers in peripheral blood
and cerebrospinal fluid that may detect central
nervous system involvement earlier than
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conventional methods [Alvarez-Zufiga, C. D. et
al., 2023; 16]. Despite these advances, most novel
biomarkers remain in the research phase, and there
is a pressing need for simple, routinely measurable
parameters that can be integrated into standard
clinical practice.

A notable gap exists in the systematic evaluation
of serum calcium as a potential biomarker in
pediatric leukemia. While severe hypercalcemia
has been documented as a rare but dramatic
presenting feature of childhood ALL, often
associated with life-threatening complications such
as altered consciousness, cardiac arrhythmias, and
renal dysfunction [Chen, M., Ni, J.,, & Lu, X.
2022; Bonilla Gonzalez, C. et al., 2022; Arenas
Camacho, L. D. et al., 2024], the broader spectrum
of calcium dysregulation in pediatric leukemia
remains poorly characterized. Case reports have
described hypercalcemia as the sole initial
manifestation of ALL in children with normal
peripheral blood counts and initially unremarkable
bone marrow examinations, leading to diagnostic
delays [Chen, M., Ni, J., & Lu, X. 2022; Bonilla
Gonzalez, C. et al., 2022]. Conversely, recent
cohort data suggest that hypocalcemia may also
occur in pediatric ALL patients, with serum
calcium levels inversely correlating with liver
enzymes and lactate dehydrogenase [Jahan, F. et
al., 2025]. These conflicting observations raise
important questions about the prevalence, clinical
significance, and mechanistic basis of calcium
abnormalities across the spectrum of pediatric
leukemia.

The potential role of serum calcium as a biomarker
is supported by several lines of evidence. First, the
pathophysiological link between leukemic bone
marrow infiltration and dysregulated bone
remodeling provides a mechanistic rationale for
calcium dysregulation [Muggeo, P. et al., 2023;
Atilano-Miguel, S. et al., 2024]. Studies have
demonstrated elevated bone resorption markers,
including C-terminal telopeptide of type I collagen
(CTX) and tartrate-resistant acid phosphatase 5b
(TRACP5b), in children with ALL following
intensive  chemotherapy, indicating ongoing
calcium mobilization from bone [Muggeo, P. et
al., 2023]. Second, the RANKL/OPG pathway,
which is central to osteoclast activation and bone
resorption, shows significant alterations from
diagnosis through remission in pediatric leukemia
patients [Atilano-Miguel, S. et al., 2024]. Third,
vitamin D deficiency is highly prevalent in newly
diagnosed ALL children (up to 91% in some
cohorts), and the vitamin D-parathyroid hormone

(PTH)-calcium  axis demonstrates dynamic
changes during treatment [Barbosa-Cortés, L. et
al., 2025]. These findings suggest that serum
calcium and related metabolic parameters may
reflect underlying disease activity and treatment
effects.

The clinical utility of serum calcium measurement
lies in its simplicity, low cost, and widespread
availability in routine laboratory panels. Unlike
specialized genetic or proteomic assays, serum
calcium can be measured in any clinical setting,
making it an attractive candidate for resource-
limited environments where pediatric leukemia
burden is high but diagnostic infrastructure is
limited [Jahan, F. et al., 2025; Kim, N. T. T. et al.,
2022]. Furthermore, if validated as a prognostic
marker, serum calcium could potentially identify
patients at risk for skeletal complications who
might benefit from early interventions such as
bisphosphonate  therapy  or  vitamin D
supplementation [Chen, M., Ni, J., & Lu, X. 2022;
Bonilla Gonzalez, C. et al., 2022]. However, the
inconsistency of calcium abnormalities across
reported cohorts and the predominance of single-
case reports rather than systematic studies limit
current understanding of its biomarker potential.

Given the paucity of comprehensive data on serum
calcium patterns in pediatric leukemia and the
need for accessible biomarkers in this population,
this study aims to systematically evaluate serum
calcium levels at diagnosis in children with acute
leukemia, examine their correlation with
established prognostic factors and disease
characteristics, and assess their potential utility as
a diagnostic and prognostic biomarker. By
elucidating the prevalence and clinical associations
of calcium dysregulation in a well-characterized
pediatric leukemia cohort, this research seeks to
determine whether serum calcium measurement
can contribute to improved risk stratification and
clinical decision-making in the management of
childhood leukemia.

MATERIALS AND METHODS

This  cross-sectional —analytical study was
conducted in Gezira State, Sudan, from January to
June 2016. A total of 80 participants were
included, comprising 50 pediatric patients
diagnosed with acute lymphoblastic leukemia
(ALL), aged 3-14 years and undergoing
chemotherapy, and 30 age-matched healthy
children as controls. Data were collected using a
structured questionnaire administered at the time
of sample collection. Approximately 2.5 mL of
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venous blood was collected aseptically from each
participant into lithium heparin  containers,
centrifuged to obtain plasma, and stored at —20°C
until analysis. Serum levels of calcium were
measured using a Cobas e 411 analyzer. Data were
analyzed using the Statistical Package for Social
Sciences (IBM SPSS) version 20, applying
independent  t-tests,  cross-tabulation,  and
correlation analysis. The dependent variables

RESULTS

included calcium levels, while age, sex, disease
duration, and treatment duration were considered
independent variables. Pediatric ALL patients aged
1-14 years were included, while those with liver
disease, renal disease, thyroid dysfunction, or
mental retardation were excluded. Ethical approval
was obtained, and informed consent was secured
from participants or their guardians prior to data
and sample collection.

Figure 1: Distribution of study population according to sex
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Figure 2: Distribution of study population according to State
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Figure 3: Frequency distribution of ALL types among study population
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Figure 4: Distribution of serum calcium among cases

Table 1; The mean of serum calcium in cases and controls

Serum Calcium | Cases N=50 | Control N=30 | P. Value
Means+ SD | Means+ SD
8.5+0.6 9.4+0.6 0.000
Table 2: The mean of serum calcium in cases according to gender
Serum Calcium | Cases N=50 | Control N=30 | P. Value
Means+ SD | Means+ SD
8.5+0.6 9.4+0.6 0.000

Table 3: The mean of serum calcium in patients according to age groups

Calcium | Age N | Mean Std. Deviation | P. Value
1-8 Year | 25| 8.492000 | .5559676 743
9-16 Year | 25 | 8.440000 | .5590170
Total 50 | 8.466000 | .5524011
Table 4: The mean of serum calcium in cases according to the type of acute leukemia.
Calcium | Age N | Mean Std. Deviation | P. Value
1-8 Year | 25| 8.492000 | .5559676 743
9-16 Year | 25 | 8.440000 | .5590170
Total 50 | 8.466000 | .5524011

Table 5: The mean of serum calcium in cases according to the number of chemotherapy cycles

Calcium | Age N | Mean Std. Deviation | P. Value
1-8 Year | 25 | 8.492000 | .5559676 743
9-16 Year | 25 | 8.440000 | .5590170
Total 50 | 8.466000 | .5524011
Table 6: The mean of serum calcium in cases according disease duration
Calcium | Duration N | Mean Std. Deviation | P. Value
From 1 month to 1 year | 15 | 8.173333 | .5324695 .001
From 2-4 year 28 | 8.475000 | .5074446
From 5-7 year 7 ]9.057143 | .2225395
Total 50 | 8.466000 | .5524011

The current study showed that boys were more
likely than girls to have pediatric acute
lymphoblastic leukemia (ALL), with the majority
of cases coming from Gezira State. This finding
probably reflects patterns of healthcare access and
case discovery. The L1 subtype predominated in

the FAB classification, which is consistent with
normal pediatric appearances. One important
discovery was that patients' serum calcium levels
were significantly lower than those of controls,
suggesting that hypocalcemia is a prevalent
biochemical anomaly in ALL. Since there were no
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discernible differences between the two groups,
this decline seemed to be unrelated to age or
gender, indicating that calcium imbalance is more
likely to be caused by illness than by
demographics.  Furthermore, there was no
significant difference in blood calcium levels
between the various ALL subtypes or based on the
number of chemotherapy cycles, suggesting that
neither treatment intensity nor illness classification
had a significant effect on calcium levels. Patients
in the early stages of the disease showed lower
calcium levels than those in the later stages, which
may indicate more severe metabolic abnormalities
at the beginning of the disease with gradual
stabilization over time. Overall, our results
underline the significance of keeping an eye on
calcium levels throughout the course of the illness
and show that hypocalcemia is a constant feature
in pediatric ALL.

DISCUSSION

This study examined serum calcium levels in
pediatric patients in order to highlight significant
biochemical alterations associated with acute
lymphoblastic leukemia (ALL). Serum calcium
levels were statistically substantially lower in
cases than in controls, according to the results,
suggesting that hypocalcemia is a significant
metabolic anomaly in kids with ALL.

Males have higher incidence rates of ALL than
females, according to established epidemiological
trends, which are consistent with the observed
male predominance (70%). This variance has been
found to be caused by genetic, hormonal, and
environmental factors that influence
leukemogenesis [Siegel, D.A. et al., 2020;
Terwilliger, T., & Abdul-Hay, M. J. B. C. J. 2017].
The majority of cases from Gezira State may
indicate geographical variations in healthcare
access, diagnostic facilities, or referral systems
rather than true variability in illness frequency
[Inaba, H. et al., 2023].

The FAB L1 subtype, which is the most common
morphological variant in pediatric ALL and is
usually associated with a favorable prognosis, was
assigned to the majority of the children in this
study. This is in line with global statistics that
indicate the majority of childhood ALL cases are
L1 [Hunger, S. P., & Mullighan, C. G. 2015; Pui,
C. H. et al., 2019]. The significant drop in serum
calcium levels among ALL patients is one of the
study's key conclusions. This physiologically
realistic result can be explained by a variety of
ways. Malignancy-related metabolic changes, such

as elevated cytokine activity and tumor load, may
disturb calcium homeostasis. Furthermore, calcium
absorption may be hampered by chemotherapy-
induced gastrointestinal damage and altered
vitamin D metabolism, and hypocalcemia may be
made worse by nutritional deficits frequently seen
in pediatric cancer patients [Belizario, J. E. et al.,
2022; Howard, S. C. et al., 2021]. Together, these
mechanisms highlight the complex nature of
calcium imbalance in leukemia.

Crucially, there was no discernible variation in
serum calcium levels based on age or gender,
indicating that calcium dysregulation is mostly
caused by disease rather than being impacted by
demographic variables. This result is in line with
earlier research showing that treatment effects and
disease  pathology, rather than  patient
characteristics, are the primary causes of
electrolyte abnormalities in leukemia [Coiffier, B.
et al., 2020]. Similarly, there were no statistically
significant variations in calcium levels between the
various FAB subtypes of ALL, indicating that
calcium imbalance is not subtype-specific but
rather a basic metabolic characteristic of leukemia.
But in other subgroups, especially L2, the small
sample size limits conclusive findings and calls for
careful interpretation.

Additionally, there was no discernible correlation
between the number of treatment cycles and serum
calcium levels. This study implies that baseline
iliness features and supportive care parameters
may be more important than treatment intensity
alone, even though chemotherapy is known to
affect metabolic and electrolyte balance [Kilig,
S.C. etal., 2020; Bhatia, S. et al., 2021].

On the other hand, a strong correlation between
serum calcium levels and the length of the illness
was found. Compared to patients in earlier stages,
individuals with prolonged disease durations had
comparatively greater calcium levels. This could
be the result of better metabolic stability over time
brought about by continued therapy, dietary
assistance, and physiological adaptation. On the
other hand, more severe hypocalcemia may result
from increased tumor activity and systemic
inflammation in the early stages of the illness
[Ward, E. et al., 2020; Allemani, C. et al., 2023].
These results highlight the significance of
routinely monitoring serum calcium levels in
pediatric ALL patients from a clinical standpoint.
Significant side effects, including as decreased
bone  metabolism, heart problems, and
neuromuscular excitability, can result from
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hypocalcemia. Comprehensive leukemia care must
include early detection and adequate treatments,
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