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Is creatine kinase a valid aid in
early cardiac muscle damage
detection during treatment for
childhood acute lymphoblastic
leukemia? A case report
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Creatine kinase (CK) is an enzyme that plays a pivotal role in various physiological

processes, including metabolism and muscle function. This enzyme is found in

high concentrations in skeletal muscle and the myocardium, with lower levels

present in the brain. Increases in CK values have been observed inmuscle damage

and neuromuscular disorders. The potential for cardiotoxicity resulting from the

administration of chemotherapeutic agents has been identified in subjects af-

fected by hematological or solid tumors. In the present work, we describe the

case story of a child diagnosed with acute lymphoblastic leukemia who exhibited

two episodes of asymptomatic, markedly elevated CK values, identified during

chemotherapy treatment. Our aim was to investigate the potential of CK as a

biomarker for the early detection of cardiac muscle damage during therapy.

KEYWORDS
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1 Introduction

Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy,

representing approximately 25% of cancer diagnoses. It has been established that ALL

accounts for 75-80% of pediatric acute leukemias, with an incidence of 3–4 cases per 100,000

children younger than 15 years. Children aged between 2 and 5 years old are most

commonly affected, with a higher prevalence in males (1, 2). Late adolescence, comprising

patients aged 15 to 19, is less affected than childhood or early adolescence (9–14 years old);

however, these adolescents are more likely to exhibit high-risk features and inferior

outcomes (1). ALL is characterized by uncontrolled T- or B-cell proliferation, whereby

abnormal and immature cells replace healthy cells and their progenitors in the bone
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marrow, spleen, liver, and lymph nodes. In recent decades, the

overall 5-year survival probability achieved in children diagnosed

with ALL has exceeded 90% (2, 3). Several factors have been

identified as crucial to increasing the survival rate, including the

sub-classification of ALL cases through genomic methodologies,

new molecular findings, risk stratification, and chemotherapy-

intensified regimens, along with improvements in supportive care

(2, 3). This has given rise to an emerging interest in preserving

health and quality of life among childhood ALL survivors, with late

cardiotoxicity being one of the most severe non-hematological

treatment-related complications. A comparative analysis of the

morbidity and mortality rates in childhood ALL survivors and

their peers reveals that the former demonstrate a higher incidence

of cardiovascular complications. It has been demonstrated that

cardiotoxic effects can occur during treatment, with a concomitant

impact on patient outcomes (4–7). Several biomarkers have been

used for the identification of cardiac dysfunction and the prediction

of cardiotoxic risk. Among these, troponin and N-terminal pro-

brain natriuretic peptide (NT-pro-BNP) levels have been reported

to be associated with left ventricular (LV) remodeling (4, 6).

Creatine kinase (CK) is an enzyme that plays a pivotal role in

various cellular physiological processes, including cellular metabo-

lism and muscle function. This enzyme is found in high concen-

trations in skeletal muscle and the myocardium, with lower levels

present in the brain. Increases in CK values have been observed in

several conditions, including muscle damage from strenuous exer-

cise, myocardial infarction, skeletal muscle injuries, and neuromus-

cular disorders such as muscular dystrophy, metabolic and

inflammatory myopathies, and central or peripheral neuropathies.

Elevated CK values have also been detected in non-neuromuscular

conditions, including pulmonary infarction and edema, hypothy-

roidism, following high alcohol consumption, and in response to

specific drug classes, including statins, antipsychotics, antivirals,

and beta-blockers (8, 9). Chemotherapeutic agents, in particular

anthracyclines, nucleotide synthesis inhibitors, alkylating agents,

and tyrosine kinase inhibitors, have been implicated in

cardiotoxicity events occurring in subjects affected by hematological

or solid tumors (6, 9).

In the present work, we describe the case of a child diagnosed

with ALL who exhibited two asymptomatic, markedly elevated CK

values during routine chemical analyses, performed periodically

during chemotherapy treatment. The objective of this report was to

examine current knowledge on the potential utilization of CK as a

biomarker to facilitate early detection of cardiac muscle damage

during chemotherapy, thus going beyond a mere clinical report.
2 Case description

In 2024, a 16-year-old female presented with hemorrhagic

diathesis in the upper and lower limbs associated with mild fever

and diffuse bone and muscle pain. The complete blood count

revealed a white blood cell (WBC) count of 5.18x109/L (reference

range: 5.0-13.0x109/L) with 51.2% lymphocytes and 31.5% mono-

cytes, hemoglobin (Hb) of 85 g/L (reference range: 120–160 g/L),
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and platelet count (PLT) of 67x109/L (reference range: 140–

440x109/L). The peripheral blood (PB) smear revealed a blast

population of 18%. Biochemical analysis was performed on Cobas

8000 analyzers (Roche Diagnostics, Mannheim, Germany). The

results were as follows: glucose 85 mg/dL (reference range: 70–110

mg/dL), C-reactive protein (CRP) 8.8 mg/L (reference range: <5

mg/L), and elevated serum lactic dehydrogenase (LDH) 391 U/L

(reference range: 135–214 U/L). Upon admission to the Pediatric

Hematology-Oncology Unit of the Foundation IRCCS San Gerardo

dei Tintori (Monza, Italy), a bone marrow (BM) aspiration was

conducted, revealing a monomorphic invasion of atypical elements

(95%) that exhibited the morphological characteristics of lympho-

blasts. The patient was diagnosed with B-cell precursor ALL and

was treated in accordance with the Associazione Italiana

Ematologia Oncologia Pediatrica (AIEOP) and Berlin-Frankfurt-

Münster (BFM) ALL 2017 protocol (EudraCT Number: 2016-

001935-12). Baseline cardiac status was normal (pre-anthracycline

ECG and echocardiogram). The timeline from diagnosis is sche-

matically shown in Table 1. The genetic analysis indicated the

presence of the ETV6::RUNX1 fusion gene, encoded by the trans-

location t(12;21), and a hyperdiploid profile, with the following

karyotype: 73~77,XX,-?X,-?3,+5,-?11,+?19,+21,+22,+mar,inc[cp6]/

46,XX[4]. Despite the presence of ETV6::RUNX1, typically associ-

ated with a favorable prognosis (10), the patient demonstrated

resistance to the induction phase IA at day +33 (time point 1, TP1).

This phase involves the administration of four doses of daunoru-

bicin administered at 30 mg/m2/dose, resulting in the persistence of

lymphoid blasts (7%). The molecular Minimal Residual Disease

(MRD) at TP1 was positive for both markers in the range of 10-1

(marker 1 TRG Vg3 Jg1.3/2.3 = 1.6x10–1 with Quantitative Range

(QR)=1x10–4 and IGK VK2 JK3 = 1.8x10–1 with QR = 5x10-4), as

reported in Table 1.

The chemotherapy treatment proceeded with phase IB, consist-

ing of cyclophosphamide, 6-mercaptopurine, and cytosine arabi-

noside (ARA-C) (Figure 1; Table 1). During the subsequent

neutropenic phase (Hb 100 g/L, PLT 77 x 109/L, and WBC 0.42 x

109/L), the patient was hospitalized due to a deterioration in clinical

conditions. The patient was administered supportive therapy, and

the fourth dose of ARA-C was withheld due to the onset of fever and

diarrhea. Central venous catheter and peripheral blood cultures

were negative, while stool cultures tested positive for Rotavirus.

Empirical antibiotic therapy (piperacillin-tazobactam and amika-

cin) was initiated. Following an improvement in the patient’s

clinical condition, chemotherapy was reinitiated and continued

for a period of three weeks. During this period, following two

episodes of fever, antibiotic therapies with vancomycin and

ceftazidime were administered; however, blood cultures remained

consistently negative.

At the conclusion of the third ARA-C block, CK serum levels

exhibited a progressive increase, attaining a maximum value of

1,053 U/L, from an initial value of 155 U/L (reference value: <170

U/L) (Figure 2; Table 1). Following the completion of the second

cyclophosphamide infusion, the patient presented with symptoms

of general malaise and frontal headache. The electrocardiogram

(ECG) revealed sinus tachycardia with non-specific T-wave altera-

tions on lateral derivations. The measurement of high-sensitivity
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cardiac Troponin T was conducted subsequent to the detection of

the elevated CK values, showing an escalating trend from 44 to 148

ng/L (reference value: < 14 ng/L). Considering the laboratory

findings and the sinus tachycardia, a second ECG was performed.

Echocardiography excluded kinesis and contraction deficiencies,

showing an ejection fraction (EF) of 60%. A complete molecular

response (CR) was observed (both MRD markers were negative

with QR = 1x10-4) at the end of phase IB. In view of the
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complications, a modified consolidation with block 1 was initiated.

During the standard laboratory follow-up, the CK value increased

once more to 532 U/L, with a subsequent gradual normalization

within a few days (Figure 2, Table 1). Given the previous findings,

although no specific causative drug was identified as responsible for

the elevation of CK and troponin levels, daunorubicin was substituted

with liposomal doxorubicin to ensure greater cardioprotection during

block 2. This decision was guided by a multidisciplinary cardio-

oncology discussion in accordance with the protocol. Cardiac enzymes

(troponin T and CK) were meticulously monitored prior to infusion,

at 4-hours post-infusion, and 12-hours post-infusion. The results

indicated that these enzymes remained within the normal range.

Following a multidisciplinary cardio-oncology discussion, it was

deemed unnecessary to measure natriuretic peptides, based on the

clinical and echocardiographic findings. Differential considerations for

the observed CK and troponin elevations included chemotherapy-

induced cardiotoxicity (considered the first hypothesis due to troponin

elevation and ECG alterations); myocarditis, excluded due to the

absence of fever and normal inflammatory markers; skeletal muscle

injury, excluded due to the absence of myalgia; and systemic inflam-

matory stress, also excluded. These possibilities were evaluated using

clinical assessment, serial biomarkers, imaging, and laboratory data.

Instead of block 3, blinatumomab was administered at a dosage

of 15 μg/m2 per day for a period of 28 days, encompassing two

cycles. Following the conclusion of the treatment regimen, molec-

ular MRD monitoring showed a CR, as indicated by the presence of

marker 1 TRG Vg3 Jg1.3/2.3 negative with QR = 1x10–5 and IGK

VK2 JK3 negative with QR = 1x10-4. The patient then underwent an

allogeneic hematopoietic stem cell transplant (HSCT), which was

performed uneventfully. The patient is currently in continuous CR

12 months after HSCT, and no clinical, ECG, echocardiographic, or
FIGURE 1

Induction phase IB schema. The plot shows the chemotherapeutic
drugs administered to our patient during the treatment block,
according to the AIEOP-BFM 2017 protocol, including interruptions
due to toxicity and infections as described in the text. Abbreviations:
Bone marrow aspirate (BM), intrathecal methotrexate (MTX-IT),
cyclophosphamide (CPM), cytarabine (Ara-C), and 6-
mercaptopurine (6-MP), time point 2 (TP2).
TABLE 1 Timeline and the applied multidisciplinary clinical interventions.

Clinical phase
Laboratory & diagnostic

findings
Therapeutic interventions

Initial Presentation
WBC: 5.18x109/L; Hb: 85 g/L; PLT: 67x109/L; LDH: 391 U/L;

CRP: 8.8 mg/L
PB Smear: 18% blasts.

Admission and baseline cardiac screening (Normal ECG/
Echocardiogram)

Diagnosis
BM Aspirate: 95% lymphoblasts.

Genetics: ETV6::RUNX1 fusion; t(12;21); Hyperdiploid karyotype
(73~77,XX)

Initiation of AIEOP-BFM ALL 2017 protocol

Induction (Phase IA)
Day+33 (TP1): Residual blasts (7%); MRD 10-¹ (TRG Vg3 Jg1.3/

2.3 and IGK VK2 JK3)
Daunorubicin (4 doses at 30 mg/m²/dose)

Cardiac alterations
CK: 1,053 U/L; hs-cTnT: 148 ng/L

ECG: Sinus tachycardia, T-wave alterations Echo: EF 60%, normal
contractility.

Supportive therapy

Induction (Phase IB)
Severe neutropenia (WBC: 0.42x109/L).

Stool Culture: Rotavirus (+) Blood cultures: Negative Molecular
MRD negative

Cyclophosphamide, 6-Mercaptopurine, ARA-C. Empirical
antibiotics (Piperacillin/Tazobactam, Amikacin); Molecular CR

achieved

Consolidation (Block 1) Recurrent CK elevation: 532 U/L Modified Block 1

Consolidation (Block 2) Pre/Post-infusion CK and Troponin: Within normal range Substitution of Daunorubicin with Liposomal Doxorubicin

Pre-Transplant Phase Persistent Molecular CR (MRD negative) Blinatumomab (15 μg/m²/day for two 28-day cycles).

Post HSCT
No cardiac abnormalities (normal ECG/echocardiography)
Molecular MRD negative (up to +12months post HSCT)

Regular follow-up: therapeutic management and monitoring.
Continuous Molecular CR
ARA-C, Cytarabine; BM, Bone Marrow; CK, Creatine Kinase; CR, Complete Response; CRP, C-Reactive Protein; ECG, Electrocardiogram; EF, Ejection Fraction; Hb, Hemoglobin; hs-cTnT,
High-sensitivity Cardiac Troponin T; HSCT, Hematopoietic Stem Cell Transplant; LDH, Lactic Dehydrogenase; MRD, Minimal Residual Disease; PB, Peripheral Blood; PLT, Platelets; TP1, Time
Point 1; WBC, White Blood Cells.
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metabolic cardiologic abnormalities have been observed. The com-

plete timeline and the applied multidisciplinary clinical interven-

tions are displayed in Table 1.
3 Discussion

Cardiotoxicity is a well-documented complication in oncology

patients, particularly in the pediatric population (4–7). The prolonged

life expectancy of young survivors underscores the necessity for

meticulous monitoring to discern early or late cardiotoxicity patterns.

The early detection and management of cardiotoxicity represent a

crucial challenge in the prevention of long-term cardiovascular

complications. This assertion is supported by a Statement of the

American Heart Association, which draws upon both metabolic and

clinical perspectives (11, 12). The most significant well-known risk of

cardiac complications is associated with anthracycline treatment

(particularly, but not exclusively, represented by doxorubicin and

daunorubicin), and high-dose cyclophosphamide (4–7). In 2022, the

European Society of Cardiology (ESC) published new guidelines that

introduced the concept of cancer therapy-related cardiovascular

toxicity, emphasizing the importance of identifying useful biomarkers

to facilitate early detection of cardiotoxicity (13, 14). Among them,

troponins (cardiac troponin T and troponin I) and natriuretic

peptides (atrial natriuretic peptide, brain natriuretic peptide, and

N-terminal pro-brain natriuretic peptide) have been the focus of

study and employed for the purpose of evaluating cancer-therapy-

induced cardiotoxicity (6, 7, 13–15). Cardiac troponins are utilized

for the identification of structural injury to cardiomyocytes, while

natriuretic peptides exhibit high prognostic accuracy for death or

hospitalization due to heart failure (15).

CK is a biomarker for both skeletal and cardiac muscle damage,

though its clinical interpretation is limited by low specificity.

Elevations are linked to physiological factors (age, gender, race,

and physical exercise) and various pathological conditions, includ-

ing neuromuscular disorders, infections, and drug-induced toxici-

ties (9, 16–18). An elevated level of CK could be indicative of

toxicity, with the potential to influence the efficacy of the treatment

protocol. This, in turn, could result in discontinuations or reduc-

tions in dosage.
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In this work, we described the case of a child diagnosed with ALL

who exhibited two episodes of severe CK elevation during the induction

treatment phase. These elevations, although not specific, were poten-

tially associated with cardiac muscle damage, secondary to chemother-

apy-induced cardiotoxicity. This hypothesis is supported by the

concomitant increase in troponin T values and ECG abnormalities,

which resulted in a modification of the treatment schedule. It has been

demonstrated that natriuretic peptides and troponins are the most

reliable biomarkers for an early diagnosis of chemotherapy-induced

cardiotoxicity (6, 7, 13–15). However, it should be noted that limitations

are present: troponin levels may not always directly correlate with the

degree of damage, and their elevation can occur in a variety of cardiac

and non-cardiac conditions, which may limit their specificity in reliably

indicating a cardiotoxicity episode. Natriuretic peptides have been

observed to increase in conditions such as chronic kidney disease,

pulmonary disease, or other systemic stressors that do not involve direct

myocardial injury. Furthermore, the levels of these markers may not

always be sufficiently sensitive in the early stages of cardiotoxicity,

potentially leading to false-negative results in cases of minimal or

subclinical damage. Troponins and natriuretic peptides are of significant

importance in the diagnosis of cardiotoxicity; however, they should be

used in conjunction with other diagnostic tools to achieve a more

complete and comprehensive assessment (19–21).

Despite the relatively low specificity and sensitivity of CK, daily

monitoring of this enzyme could prove beneficial as a preliminary step

for the detection of potential cardiac muscle damage in patients receiving

chemotherapeutic treatments, as recently reported (9, 12, 22, 23). To

address the need for clinical standardization, we propose an actionable

pathway wherein a CK elevation exceeding the upper limit of the

reference range, or a significant percentage increase from the patient’s

baseline, serves as a diagnostic ‘red flag’. We acknowledge that the

current study describes a single case, which inherently limits the

generalizability of these findings and the formal validation of specific

thresholds. However, prospective studies are underway to initiate a

routine evaluation of this parameter in a larger cohort. The incremental

value of CK lies in its role as a sentinel for acute cellular stress. An

elevation in CK may act as a preliminary signal to trigger further

biochemical analyses (CK isoenzymes, cardiac troponins, and natriuretic

peptides) and instrumental investigations (ECG, echocardiogram) to

confirm or rule out myocardial damage. This is particularly relevant

within the 24–72 hour window following chemotherapy administration,

where CK monitoring can prompt focused second-level testing. This

approach aligns with evidence suggesting that multi-marker strategies

significantly improve the negative predictive value for chemotherapy-

induced cardiotoxicity (24, 25). Our future research will employ a

systematic approach to enzyme elevations, aiming to define precise

action pathways and further articulate the clinical utility of CK as a first-

line biomarker. In the era of targeted anticancer therapy, mitigating

cardiac damage and ensuring patient safety—particularly within the

pediatric population—remains a clinical priority.
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