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Abstract

Introduction: Panitumumab-induced hypomagnesemia disrupts calcium and potassium channel function, prolongs the

corrected QT (QTc) interval, and may create a substrate for atrial arrhythmogenesis. We describe a patient with metastatic colon

cancer who developed severe hypomagnesemia and marked QTc prolongation during panitumumab therapy; however, atrial

fibrillation did not occur. This case demonstrates rapid electrophysiological recovery after magnesium repletion and

underscores the importance of cardiac monitoring in patients receiving epidermal growth factor receptor inhibitors.

Case Presentation: A 68-year-old man with metastatic colon cancer receiving folinic acid, fluorouracil, and irinotecan plus

panitumumab developed progressive hypomagnesemia, with the serum magnesium level decreasing from 0.78 mmol/L at

baseline to 0.33 mmol/L by cycle 8, accompanied by hypokalemia. He remained asymptomatic. Before cycle 9,

electrocardiography showed normal sinus rhythm without atrial fibrillation; however, the QTc interval had increased by 50 ms

from baseline, from 410 to 460 ms. Panitumumab was withheld, and magnesium and potassium were repleted. Follow-up

electrocardiography showed normalization of the QTc interval to 415 ms without atrial or ventricular arrhythmia.

Conclusions: Panitumumab can cause clinically silent yet progressive hypomagnesemia, which may disrupt cardiac

conduction and increase the risk of arrhythmias. Timely electrolyte repletion may reverse QTc prolongation, prevent

arrhythmias, and allow continuation of anticancer therapy. Vigilant monitoring and prompt intervention are essential.
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2. Introduction

Advances in anticancer therapy have improved life

expectancy among patients with cancer; however,

treatment-related adverse effects, particularly

arrhythmias, have become increasingly recognized (1).

Atrial fibrillation (AF) and corrected QT (QTc) interval

prolongation are among the cardiac toxicities

associated with cancer therapy (2). The relationship

between anticancer medications and arrhythmias is

complex and may involve electrolyte imbalances caused

by the malignancy and further exacerbated by cancer

treatment.

Panitumumab, an epidermal growth factor receptor

inhibitor (EGFRI), can cause hypomagnesemia by

blocking magnesium reabsorption in the renal tubules

(3). Nevertheless, electrolyte disturbances that cause

electrophysiologic abnormalities may be overlooked in

cardio-oncology. Severe hypomagnesemia directly

affects calcium and potassium channels, and

dysfunction of these channels can prolong the QTc

interval. Evidence also suggests that hypomagnesemia

may promote atrial arrhythmogenesis by increasing

triggered activity via delayed afterdepolarizations (4, 5).

Here, we present a case of metastatic colon cancer in

which severe hypomagnesemia and QTc prolongation

developed during panitumumab therapy, increasing the

risk of atrial and ventricular arrhythmias, although

atrial fibrillation was not documented. This case

highlights the rapid response to magnesium repletion

and the importance of close monitoring for electrolyte
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depletion in patients receiving targeted anticancer

therapy.

3. Case Presentation

A 68-year-old man with colon cancer and liver

metastases initiated folinic acid, fluorouracil, and

irinotecan (FOLFIRI) plus panitumumab every 2 weeks

as second-line treatment. His medical history included

hypertension, type 2 diabetes mellitus, and

gastroesophageal reflux disease. His medications

included amlodipine 5 mg once daily, metformin 1000

mg twice daily, and omeprazole 20 mg once daily. Before

treatment, his serum magnesium level was 0.78 mmol/L

(reference range, 0.70 - 0.91 mmol/L), potassium level

was 4 mmol/L (reference range, 3.5 - 5.0 mmol/L), and

baseline QTc interval was 410 ms.

The patient completed 8 cycles of FOLFIRI plus

panitumumab without cardiac symptoms. Serial

imaging showed a slight radiographic response.

However, periodic laboratory monitoring demonstrated

a progressive decline in serum magnesium, from 0.78

mmol/L at baseline to 0.62 mmol/L at cycle 4 and 0.33

mmol/L at cycle 8. The patient remained asymptomatic,

with no muscle cramps, weakness, tremor, palpitations,

or paresthesia. He had grade 1 diarrhea and a stable

grade 2 acneiform rash.

During the pre-cycle 9 evaluation, a 12-lead

electrocardiogram was obtained because of progressive

hypomagnesemia. The electrocardiogram showed

normal sinus rhythm without atrial fibrillation and a

QTc interval of 460 ms, representing a 50-ms increase

from baseline. Although this value remained below the

conventional upper reference limit for men, the marked

change from the patient's baseline was clinically

important. No atrial fibrillation was documented.

Although no overt arrhythmia occurred, the

combination of severe hypomagnesemia, hypokalemia,

and a 50-ms increase in QTc placed the patient at

increased risk of atrial and ventricular arrhythmias.

Panitumumab was therefore withheld before cycle 9,

and intravenous magnesium sulfate 2 g and potassium

replacement were administered. Serial

electrocardiography was performed after electrolyte

repletion.

Follow-up electrocardiography showed normal sinus

rhythm and a QTc interval of 415 ms. The patient

remained asymptomatic, and no atrial or ventricular

arrhythmias were documented. Serial

electrocardiograms obtained during the subsequent

week confirmed persistent normalization of the QT

interval.

4. Discussion

This case illustrates severe, progressive

hypomagnesemia during panitumumab-containing

chemotherapy, associated with substantial QTc

prolongation and an increased risk of atrial and

ventricular arrhythmias. The patient did not develop AF

or a ventricular arrhythmia because the abnormality

was identified and treated promptly. The rapid

normalization of the QTc interval after electrolyte

repletion supports a reversible association between

EGFRI-associated electrolyte loss and repolarization

abnormalities.

Panitumumab and other EGFRIs cause

hypomagnesemia primarily by reducing renal

magnesium reabsorption through effects on transient

receptor potential melastatin 6 channels in the distal

convoluted tubule (6). Progressive magnesium loss may

remain clinically silent for prolonged periods because

symptoms are nonspecific (7). Magnesium is essential

for cardiac electrophysiology because it regulates

inward and outward ionic currents, including L-type

calcium channels, inward rectifier and delayed rectifier

potassium currents, and Na+/K-ATPase activity (8). Severe

hypomagnesemia prolongs the QTc interval through

direct effects on repolarizing potassium currents, which

increase action-potential duration, and through

indirect hypokalemic effects caused by increased renal

potassium wasting and disrupted cellular potassium

handling (4). Magnesium deficiency may also promote

afterdepolarizations, particularly delayed

afterdepolarizations, by increasing intracellular calcium

loading and triggered activity, thereby providing a

potential mechanism for atrial ectopy and AF initiation

(9). In addition, hypomagnesemia causes refractory

electrolyte abnormalities through 2 pathways. First, it

activates renal outer medullary K+ channels, increasing

renal potassium excretion and worsening hypokalemia

(10). Second, it suppresses parathyroid hormone

secretion and activity, leading to refractory

hypocalcemia (11). Therefore, potassium or calcium

repletion alone may be ineffective unless magnesium

deficiency is corrected first or concurrently. These

mechanisms and the clinical course are summarized in

Figure 1.
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Figure 1. Schematic representation of panitumumab-induced magnesium wasting, QTc prolongation, and recovery after electrolyte repletion. Progressive hypomagnesemia
during panitumumab therapy may cause QTc prolongation and predispose patients to arrhythmias, whereas prompt magnesium and potassium replacement can reverse the
electrophysiologic abnormality.

This case is notable because it demonstrates

overlapping atrial and ventricular electrophysiologic

vulnerability caused by an isolated metabolic

abnormality associated with targeted therapy. AF is

increasingly observed in patients with cancer and may

result from inflammation, autonomic imbalance, direct

cardiotoxicity, or metabolic disturbances (12). In

addition to directly promoting atrial ectopy,

hypomagnesemia may indirectly increase AF risk by

prolonging the QT interval and promoting

heterogeneous refractoriness (4). In the presence of low

magnesium and potassium levels, the observed 50-ms

increase in QTc from baseline, although still within a

borderline range, represented a clinically meaningful

change and signaled impending electrical instability. In

cardio-oncology practice, relative changes from a

patient’s baseline electrocardiogram and electrolyte

values may be as important as absolute thresholds.

The patient was also receiving omeprazole for

gastroesophageal reflux disease. Proton pump

inhibitors can independently increase the risk of severe

hypomagnesemia, possibly by reducing intestinal

magnesium absorption (13). Concurrent proton pump

inhibitor use may therefore have exacerbated

panitumumab-associated magnesium wasting. In such

cases, switching to an H2-receptor blocker may be

considered after appropriate clinical assessment.

Electrolyte-mediated arrhythmias in patients with

cancer may be underrecognized for several reasons.

First, medication-induced hypomagnesemia may

remain asymptomatic unless it becomes severe (6).

Second, oncology follow-up often focuses on

myelosuppression and gastrointestinal and

dermatologic toxicities, whereas electrolyte monitoring

may be less frequent. Third, concomitant medications,

including proton pump inhibitors, may worsen

magnesium and potassium depletion (14). Finally,

intervention may be delayed when population-based

thresholds are applied without accounting for patient-

specific trends.
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Prompt magnesium and potassium replacement led

to rapid normalization of the QTc interval and reduced

concern about imminent arrhythmia. This response

supports magnesium repletion as an appropriate

preventive strategy when magnesium-related QTc

prolongation is suspected. Early intervention is

important. Available evidence indicates that initiating

magnesium replacement before the concentration

decreases below 1.1 mg/dL, or approximately 0.45

mmol/L, can reduce the incidence of grade 3 or higher

hypomagnesemia from 30% to 3.3% (P = 0.012) (3, 15).

Although this patient had already developed grade 3

hypomagnesemia, earlier recognition of the progressive

decline from 0.78 to 0.62 to 0.33 mmol/L might have

enabled preventive magnesium supplementation.

Withholding panitumumab while correcting the

electrolyte imbalance was reasonable because the

abnormality was reversible and the patient was at

increased arrhythmic risk. If panitumumab is resumed,

the oncologic benefit should be balanced against the

risk of recurrent electrolyte abnormalities and

arrhythmias. Regular electrolyte monitoring,

magnesium supplementation, minimization of

interacting medications such as proton pump

inhibitors, and electrocardiographic monitoring should

be considered in at-risk patients. Electrocardiography

should be performed not only at baseline but also

urgently in patients with severe hypomagnesemia,

palpitations, syncope, or concomitant use of QT-

prolonging medications. The transient effect of

intravenous magnesium must also be considered; its

benefit may last only approximately 48 hours, and

magnesium levels may decrease again after initial

repletion. In severe cases, daily or alternate-day

intravenous magnesium may be required.

Other potential causes include the cardiotoxic effects

of chemotherapeutic agents (16). Although ischemia,

myocardial dysfunction, and vasospasm were not

observed in this case, these complications should be

considered in patients receiving anticancer therapy.

Autonomic modulation, drug interactions, and occult

electrolyte losses from diarrhea might also have

contributed. Nevertheless, the progressive decline in

magnesium during panitumumab therapy was not

explained by the patient’s baseline comorbidities,

although these conditions may have increased his

arrhythmic risk. In patients with persistent or recurrent

hypomagnesemia despite replacement, amiloride, a

potassium-sparing diuretic, may reduce renal

magnesium wasting. Although amiloride was not used

in this patient, it could be considered as an adjunct

when panitumumab cannot be discontinued or

interrupted (17).

This case has several limitations. Intracellular

magnesium and urinary magnesium excretion were not

measured; therefore, magnesium handling could not be

fully characterized. In addition, continuous cardiac

monitoring was not performed during the period of

greatest hypomagnesemia. Such data could have

provided a more clinically actionable assessment of the

electrophysiologic effects.

In conclusion, panitumumab and potentially other

targeted anticancer therapies can cause progressive,

clinically silent hypomagnesemia that disrupts cardiac

conduction and increases arrhythmic risk. Simple and

timely interventions may prevent arrhythmias and

permit continuation of therapy. Vigilant monitoring

and prompt action are essential.

Patient Consent for Publication: Written informed

consent was obtained from the patient for publication

of this case report and any accompanying anonymized

clinical data. The patient was informed that all
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anonymity, and he provided permission to publish the
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