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SIGNIFICANCE AND FUTURE PERSPECTIVES
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ABSTRACT
Electrolyte imbalances constitute a subtle yet clinically significant complication incancer chemotherapy and are often overlooked despite their profound impact on patient outcomes. These disturbances affect key electrolytes including sodium, potassium, magnesium, calcium and phosphate, arising from intricate interactions between cytotoxic agents and the body’s physiological regulatory mechanisms. Despite their prevalence, electrolyte abnormalities often remain underdiagnosed due to their nonspecific clinical manifestations, overlapping comorbid conditions and limited emphasis on systematic monitoring. Early recognition through consistent biochemical assessment and clinical vigilance is imperative to avert severe consequences such as cardiac arrhythmias, neuromuscular dysfunction and therapy discontinuation. Various chemotherapy agents, including platinum-based drugs and targeted therapies, can cause electrolyte imbalances through multiple pathways such as renal toxicity, inappropriate secretion of antidiuretic hormone (SIADH) and metabolic disturbances related to tumour lysis syndrome. Effective management requires timely correction and individualised supportive care. This review critically examines the underlying pathophysiological mechanisms, clinical significance, diagnostic complexities and therapeutic interventions associated with chemotherapy-induced electrolyte disturbances, emphasising the importance of implementing standardised monitoring frameworks to enhance safety, continuity of care and overall survival in oncology practice.
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1. INTRODUCTION 
Chemotherapy continues to serve as a fundamental modality in cancer treatment, providing systemic therapeutic effects that address both primarytumours and microscopic metastatic lesions. In contrast to localized interventions such as surgery or radiotherapy, it plays a crucial role in minimising the risk of recurrence and mitigating cancer-associated symptoms across a wide spectrum of malignancies (Anand et al., 2023; Rallis et al., 2021). Chemotherapy exerts its action by selectively disrupting the proliferation of rapidly dividing malignant cells, thereby curbing tumour expansion and inducing programmed cell death. It is utilized in neoadjuvant, adjuvant and palliative settings to enhance treatment efficacy and improve overall patient outcomes (Liu et al., 2024). However, despite its therapeutic benefits, chemotherapy is frequently accompanied by a spectrum of adverse effects that compromise patient safety, quality of life and treatment adherence (Ingrand et al., 2020). These toxicities, encompassing haematological disorders, gastrointestinal complications, peripheral neuropathies and disruptions in metabolic and electrolyte equilibrium, emerge as a consequence of chemotherapy’s nonspecific cytotoxic mechanism, wherein rapidly dividing healthy cells are inadvertently damaged along with malignant counterparts, leading to substantial morbidity and therapeutic challenges (Ingrand et al., 2020). Electrolyte disturbances are prevalent yet frequently underappreciated complications associated with cancer chemotherapy, originating from both the underlying malignancy and the cytotoxic effects of therapeutic agents. These abnormalities, involving essential ions such as sodium, potassium, calcium, magnesium, and phosphate, are often concealed by nonspecific clinical manifestations,resulting in delayed diagnosis and adversely affecting patient safety, treatment efficacy and overall clinical outcomes (Byar & Anderson, 2025). Patients with pre-existing renal impairment may be more susceptible to treatment-related electrolyte abnormalities, supporting the assessment of kidney function alongside serum electrolyte measurements (Karam et al., 2024). Electrolyte imbalances during chemotherapy can progress from mild clinical manifestations to severe, life-threatening complications such as cardiac arrhythmias, neuromuscular dysfunction and acute kidney injury. These disturbances, frequently induced by platinum compounds, alkylating agents and targeted therapies, arise from mechanisms like renal tubular toxicity, SIADH andtumour lysis syndrome, leading to treatment delays and poorer clinical outcomes (Das et al., 2015; Verzicco et al., 2020). Renal uptake and excretion of cisplatin contribute to its nephrotoxic potential, although the relationship between platinum accumulation and effective renal protection remains incompletely established (Mahran & Al Kamaly, 2021). A retrospective study associated several electrolyte disturbances with acute kidney injury in patients receiving higher-dose cisplatin, but the associations were not consistent across treatment schedules (Pinard et al., 2025). Early identification and correction of electrolyte disturbances are vital forminimising morbidity and mortality in cancer patients. Routine monitoring and heightened awareness among healthcare providers can improve patient safety and treatment adherence (Byar & Anderson, 2025). A systematic review of cisplatin hydration regimens identified studies associating magnesium supplementation with reduced nephrotoxicity, while noting variability in the supporting evidence (Sikking et al., 2024). Despite recognition of these complications, uncertainties remain concerning the variation in electrolyte risk across anticancer regimens and the most appropriate approaches to biochemical monitoring and supportive care. This review provides an in-depth examination of the prevalence, mechanisms, clinical impact, diagnostic challenges and management of electrolyte disturbances linked to cancer chemotherapy. It highlights their often-overlooked role in increasing morbidity and mortality whileemphasising the importance of early recognition and multidisciplinary management to improve patient outcomes.

2. METHODOLOGY
A narrative literature review was conducted to explore the mechanisms, clinical consequences, and management of chemotherapy-associated electrolyte disturbances.Relevant publications from January 2005 to March 2025 were identified through searches of PubMed, Scopus, and Google Scholar using terms such as “chemotherapy-induced electrolyte imbalance,” “platinum-based chemotherapy,” “renal tubular toxicity,” “hyponatremia,” “hypokalemia,” “hypomagnesemia,” “calcium imbalance,” and “tumor lysis syndrome.” Clinical studies, observational studies, clinical trials, review articles, and practice guidelines addressing electrolyte abnormalities, their underlying mechanisms, associated complications, monitoring, or management were considered. Excluded were editorials, commentary, conference abstracts with insufficient data, animal studies with unclear clinical significance, andarticles unrelated to chemotherapy-associated electrolyte imbalances. The relevant data were organised according to the affected electrolyte, implicated anticancer drugs, pathophysiological processes, clinical outcomes and treatment approaches. The findings were synthesised descriptively to identify clinically meaningful trends, highlight evidence gaps and discuss implications for patient care and monitoring. 

3.  MECHANISMS OF CHEMOTHERAPY-INDUCED ELECTROLYTE IMBALANCES
Chemotherapy-induced electrolyte imbalances arise through multiple mechanisms that disrupt the normal homeostasis of key ions, including sodium, potassium, magnesium, calcium and phosphate. 

3.1 SODIUM (Na+)
Sodium (Na+) is primarily an extracellular cation whose regulation is influenced by sodium-potassium ATPase activity and by total body sodium and potassium levels relative to total body water. Hyponatraemia, characterised by a serum sodium concentration below 136 mmol/L, affects nearly half of all cancer patients and is classified into mild, moderate and severe categories according to the degree of sodium depletion (Castillo et al., 2012; De las Peñas et al., 2014). The primary mechanisms underlying hyponatraemia involve excess free water retention resulting from inappropriate or elevated secretion of antidiuretic hormone (ADH), hypovolaemia-triggered ADH release due to reduced effective arterial volume, renal salt loss secondary to tubular injury, and adrenal insufficiency leading to mineralocorticoid deficiency. Additionally, pseudohyponatraemia may occur as a laboratory artifact in the presence of increased plasma lipid or protein concentrations (Workeneh et al., 2020). Similarly, hypernatraemia, characterised by serum sodium concentrations exceeding 144 mmol/L, generally arises from disproportionate water loss relative to sodium retention and is less prevalent than hyponatraemia among oncology patients. Both electrolyte disturbances primarily impact the central nervous system, manifesting as confusion, agitation and seizure activity, and may progress to coma or respiratory failure (Del Rio & Buess, 2022; Yun et al., 2023).


3.2 POTASSIUM (K⁺)
Potassium (K⁺) is thepredominant intracellular cation, responsible for maintaining the resting  membrane voltage and ensuring proper neuromuscular and cardiac function (Zacchia et al., 2016). Chemotherapeutic agents can disrupt potassium regulation through renal tubular impairment, tumour lysis and nephrotoxicity, leading to either hypokalaemia or hyperkalaemia (Kalali, 2024). Chemotherapeutic and targeted therapy agents can disrupt potassium homeostasis through multifactorial mechanisms, primarily involving renal tubular dysfunction, gastrointestinal loss, and magnesium-dependent pathways (Lin, 2008; Oronsky et al., 2017). Anticancer drugs are frequently associated with emesis and diarrhoea, both of which lead to substantial potassium loss through gastrointestinal secretions (O’Reilly et al., 2020). Nephrotoxic chemotherapeutic drugs such as cisplatin, ifosfamide and methotrexate can induce acute or chronic tubular injury, resulting in excessive renal potassium wasting, especially during the polyuric phase of tubular necrosis (C. Chen et al., 2022). Platinum-based compounds are strongly implicated in hypokalaemia due to their ability to induce hypomagnesaemia, renal tubular cytotoxicity and gastrointestinal inflammation (Holditch et al., 2019; Oronsky et al., 2017). Antimetabolites like methotrexate and azacytidine further contribute by inducing renal tubular dysfunction, while ifosfamide can cause Fanconi syndrome, characterised by severe tubular potassium loss (Izzedine & Perazella, 2017; Martinez et al., 2022). Furthermore, targeted monoclonal antibodies are linked to electrolyte disturbances through mechanisms involving magnesium depletion and drug-induced diarrhoea, increasing the risk of significant hypokalaemia (Rashidi et al., 2026; Wang et al., 2015). On the other hand, hyperkalaemia in cancer patients is frequently associated with acute kidney injury, rhabdomyolysis, or tumour lysis syndrome, all of which contribute to excessive potassium release into the extracellular space (Attinà et al., 2021; Puri et al., 2020). TLS is most frequently observed in patients with haematological malignancies or those harbouring large solid tumours receiving cytotoxic or targeted therapy (McBride & Westervelt, 2012). Targeted therapies such as venetoclax, obinutuzumab, dinaciclib, alvocidib and chimeric antigen receptor T-cell (CAR-T) therapies have been strongly linked to a higher incidence of TLS-related hyperkalaemia due to massive tumour cell lysis (Cheson et al., 2017). In addition, CKD may develop as a long-term complication of nephrotoxic chemotherapeutic agents like cisplatin and ifosfamide, impairing renal potassium excretion and predisposing patients to chronic hyperkalaemia (Crona et al., 2017; Ensergueix et al., 2020). Apart from nephrotoxic effects, additional mechanisms contributing to hyperkalaemia include adrenal insufficiency due to metastatic infiltration, rhabdomyolysis from extensive tissue breakdown, and acute kidney injury triggered by cytotoxic or supportive anticancer therapies (Izzedine & Perazella, 2017; McBride & Westervelt, 2012).

3.3 MAGNESIUM (Mg2+)
Magnesium (Mg²⁺) is acrucial intracellular ion that supports over 300 enzymatic reactions and regulates calcium and potassium channels, thereby helping to maintain cellular and systemic physiological balance (de Baaij et al., 2015; Romani, 2011). Serum magnesium concentrations, typically ranging from1.6 to 2.6 mg/dL, are tightly regulated through coordinated intestinal absorption and renal excretion. Renal magnesium balance is chiefly controlled by TRPM6 channels in the distal convoluted tubule, with their function being significantly modulated by signals from epidermal growth factor and its receptor, ensuring stable magnesium homeostasis (Astor et al., 2015; Curry & Yu, 2018; Ellison, 2008). The activity and surface expression of TRPM6 channels in the distal tubule are modulated by signalling through the epidermal growth factor (EGF) and its receptor (EGFR), which play a crucial role in maintaining systemic magnesium balance, and disruptions in this pathway can lead to significant hypomagnesaemia with potential cardiovascular and neuromuscular risks (De las Peñas et al., 2014; Ellison, 2008). Magnesium plays a pivotal role in endocrine and immune regulation, where its deficiency hampers parathyroid hormone secretion and disrupts vitamin D metabolism, as both hepatic 25-hydroxylation and renal 1α-hydroxylation are magnesium-dependent processes (Gong et al., 2022; Pelczyńska et al., 2022). Furthermore, magnesium is integral to modulating innate and adaptive immune mechanisms through its interaction with vitamin D metabolites. Cisplatin-based chemotherapy was associated with hypotension in approximately 74.8% of cases, correlating significantly with reduced serum magnesium levels, indicating that magnesium depletion may contribute to chemotherapy-induced vascular dysfunction and altered blood pressure regulation (Fiorentini et al., 2021; Muñoz-Castañeda et al., 2018; Soldado et al., 2025). Cisplatin-induced nephrotoxicity is often linked to structural and genetic alterations within the distal convoluted tubule, including potential DNA damage to the NCCT gene and epithelial apoptosis, resulting in Gitelman-like syndrome. Although relatively uncommon,hypomagnesaemia develops in 40–100% and reduced GFR in 20–30% of patients receiving cisplatin therapy (Panichpisal et al., 2006).

3.4 CALCIUM (Ca2+)
Calcium (Ca²⁺) is important for intracellular signalling, neural communication, membrane integrity and skeletal maintenance. Its regulation is tightly controlled by parathyroid hormone (PTH) and calcitriol, which coordinate calcium reabsorption, bone mobilization and intestinal absorption to preserve metabolic and structural homeostasis (Moe, 2016). Several case studies have reported hypocalcaemia associated with cancer chemotherapy (Yanase et al., 2024). Hypocalcaemia often presents symptomatically with irritability, tetany, psychosis and prolonged QT interval on electrocardiograms. Because calcium metabolism is interconnected with magnesium, calcium levels should be assessed in cases of hypomagnesaemia, as low magnesium impairs PTH activity and can precipitate hypocalcaemia. Notably, chemotherapeutic agents such as platinum compounds and anti-epidermal growth factor receptor (anti-EGFR) monoclonal antibodies, which commonly induce hypomagnesaemia, may also secondarily cause hypocalcaemia.​(Verzicco et al., 2020; Wang et al., 2015). Hypercalcaemia, on the other hand, is more frequent than hypocalcaemia in cancer patients, affecting 20% to 30% of individuals, especially those with lung, breast, kidney, cervix and haematologic malignancies (Verzicco et al., 2020). The severity of hypercalcaemia varies depending on the patient’s overall health and hydration status. Mild hypercalcaemia (serum calcium 10.5–11.9 mg/dL) may present with vague symptoms such as fatigue, malaise, constipation or anorexia (Sadiq et al., 2024). As the severity ofhypercalcaemia escalates, patients may present with bone pain, abdominal discomfort, polyuria, and marked weakness, whereas critically elevated calcium levels exceeding 14 mg/dL can result in neurological impairments, including confusion and coma, necessitating immediate clinical intervention (Sadiq et al., 2024). Humoralhypercalcaemia, which accounts for about 80% of cases, arises from tumour production of parathyroid hormone-related peptide (PTHrP). This peptide acts similarly to parathyroid hormone by triggering bone breakdown through osteoclast activation and increasing calcium reabsorption in the kidneys. It is commonly observed in malignancies such as lymphomas and cancers of the lung, cervix, esophagus, kidney, breast, prostate and ovary (Bartkiewicz et al., 2024; Gould Rothberg et al., 2022; Yunita & Cahyanur, 2023).

3.5 PHOSPHATE (PO42-)
Phosphate (PO42-) is predominantly found in bone as hydroxyapatite, where it serves as a key structural component; in plasma, it exists as a free inorganic ion and as an integral constituentof intracellular nucleic acids, phospholipids and energy metabolites (Penido & Alon, 2012). Phosphate balance is maintained through the integrated actions of parathyroid hormone, fibroblast growth factor 23 and calcitriol, which collectively regulate its absorption, excretion and mobilization from bone. While PTH and FGF23 lower serum phosphate by reducing renal reabsorption, calcitriol enhances intestinal uptake and modulates PTH activity to sustain optimal phosphate homeostasis (Ho & Bergwitz, 2021; Penido & Alon, 2012). Chemotherapeutic agents, particularly cisplatin and ifosfamide, disrupt phosphate balance by causing injury to the proximal tubules, which results in renal phosphate wasting and ultimately leads to hypophosphataemia. Gastrointestinal disturbances such as anorexia, vomiting, and diarrhoea further aggravate phosphate depletion by reducing nutrient absorption. Additionally, certain anticancer drugs elevate FGF23 secretion, suppressing calcitriol synthesis and amplifying phosphate loss through impaired renal reabsorption (Adhikari et al., 2021; Ho & Bergwitz, 2021; Shirali & Perazella, 2014). Hyperphosphataemia commonly manifests in tumour lysis syndrome (TLS) associated with haematologic cancers, where extensive tumour cell lysis releases excess intracellular phosphate surpassing renal excretory capacity, often inducing secondary hypocalcaemia (Abdel-Nabey et al., 2022). Lymphomas may exacerbate this imbalance through extrarenal calcitriol synthesis, enhancing phosphate retention. Furthermore, cumulative nephrotoxicity and chemotherapy-induced renal impairment compound the risk by diminishing phosphate clearance, underscoring the importance of proactive metabolic monitoring in oncology care (Adhikari et al., 2021; Santos et al., 2020).
The major electrolyte imbalances associated with chemotherapy, their underlying mechanisms, and corresponding clinical manifestations are summarized in Table 1.

	S.NO
	Electrolyte
	Imbalance
	Major mechanisms
	Important clinical effects

	1
	Sodium (Na⁺)
	Hyponatremia, hypernatremia
	Excess ADH secretion, renal salt wasting, tubular injury, gastrointestinal or free-water loss
	Confusion, agitation, seizures, coma

	2
	Potassium (K⁺)
	Hypokalemia, hyperkalemia
	Renal tubular dysfunction, vomiting, diarrhea, hypomagnesemia, acute kidney injury, tumor lysis syndrome (TLS)
	Neuromuscular dysfunction and cardiac abnormalities

	3
	Magnesium (Mg²⁺)
	Hypomagnesemia
	Cisplatin-induced nephrotoxicity, distal tubular dysfunction, impaired renal magnesium reabsorption, EGFR pathway disruption
	Hypotension, neuromuscular abnormalities, cardiovascular risks

	4
	Calcium (Ca²⁺)
	Hypocalcemia, hypercalcemia
	Magnesium deficiency, impaired PTH activity, platinum compounds, anti-EGFR agents, tumor-derived PTHrP
	Tetany, irritability, prolonged QT interval, constipation, confusion, coma

	5
	Phosphate (PO₄³⁻)
	Hypophosphatemia, hyperphosphatemia
	Proximal tubular injury, renal phosphate wasting, gastrointestinal losses, FGF23 alterations, tumor lysis syndrome
	Metabolic disturbances; hyperphosphatemia may cause secondary hypocalcemia



TABLE 1. MECHANISMS, TYPES, AND CLINICAL MANIFESTATIONS OF CHEMOTHERAPY-INDUCED ELECTROLYTE IMBALANCES.

4. CLINICAL MANIFESTATIONS AND IMPACT
The clinical manifestations of these abnormalities differ based on the electrolyte involved andthe severity of the underlying imbalance. Electrolyte disturbances often begin subtly but can quickly become life-threatening, presenting with vague symptoms such as fatigue, nausea, weakness, and cognitive impairment that mimic cancer or treatment effects, leading to frequent underdiagnosis and delayed management (Berardi et al., 2019; Rashidi et al., 2026). An observational study of 256 cancer patients revealed that approximately 70–75% developed electrolyte imbalances during chemotherapy, marked by significant drops in sodium and potassium and rises in urea and creatinine levels. The highest prevalence was observed among patients with acute myeloid leukaemia (23%), acute lymphoblastic leukaemia (14%), and ovarian or lung cancers (12%), highlighting chemotherapy’s substantial effect on renal and metabolic stability (Kumari et al., 2018). Hypokalaemia and hypomagnesaemia can lead to muscle weakness, cardiac arrhythmias, and, in severe forms, respiratory compromise. (Astor et al., 2015; Kardalas et al., 2018; Oronsky et al., 2017). In a retrospective study at the Saudi Ministry of National Guard Hospital, Alrfaei et al. analysed 254 cisplatin-treated cancer patients and found 11.5% developed renal dysfunction. Common electrolyte abnormalities included hyponatraemia (58.1%), hypocalcaemia (41.9%), hypomagnesaemia (30.8%) and hypokalaemia (11.9%), indicating early signs of cisplatin-induced nephrotoxicity (Alrfaei et al., 2023). Similarly, Ande et al. reported a high prevalence of severe hyponatraemia among elderly inpatients, with 61% exhibiting sodium levels below 125 mEq/L, most commonly associated withhypovolaemia (67%) and male predominance (63%) (Ande et al., 2024). 
Renal toxicity frequently coexists with chemotherapy-induced electrolyte disturbances, resulting from both direct tubular damage and secondary complications such as acute kidney injury or Fanconi syndrome, particularly with nephrotoxic drugs like ifosfamide. In a tertiary care study from Nigeria involving 130 patients, significant post-chemotherapy declines were observed in sodium, potassium, and chloride levels, along with reduced eGFR and elevated creatinine and urea, underscoring the strong link between cytotoxic therapy, electrolyte imbalance, and renal dysfunction. Although most abnormalities were mild (grade 1), more severe sodium disturbances have been documented and may trigger acute clinical crises if not promptly managed (Martinez et al., 2022; Obadipe et al., 2022). Cisplatin, commonly combined with interferon-alpha and other cytotoxic agents for various solidtumours, has shown limited association with severe hypocalcaemia when administered at low doses alongside biological therapy in pancreatic cancer patients (Hoffmann et al., 2006). A recent mechanistic study on malignant ascites in advanced ovarian cancer revealed thatelevated sodium and reduced potassium and chloride concentrations in the ascitic fluid significantly suppressed NK and T cell activation, cytokine production and cytotoxic function. This electrolyte imbalance-driven immune dysfunction was directly linked to poor patient outcomes, unveiling a novel ionic pathway through which the tumour microenvironment mediates immunosuppression (Hrvat et al., 2023). Moreover, studies have demonstrated that cancer patients with untreated or recurrent electrolyte disorders experience longer hospital stays, increased morbidity and higher all-cause mortality rates (Rashidi et al., 2026; Verzicco et al., 2020). For example, a community-based NHANES study of 14,697 adults reported a 1.72% prevalence of hyponatraemia, which was independently linked to a 2.4-fold higher risk of overall death, underscoring its strong prognostic impact (Mohan et al., 2013). Early identification through routine electrolyte assessment, combined with prompt correction measures such as magnesium and potassium supplementation and prophylaxis for tumour lysis syndrome, is crucial to prevent severe complications, reduce hospitalizations, and improve overall treatment outcomes in cancer patients (Byar & Anderson, 2025).

5. DIAGNOSTIC CHALLENGES AND MANAGEMENT STRATEGIES
Electrolyte disturbances that occur during cancer chemotherapy create significant challenges in diagnosis and management, directly influencing treatment success and patient well-being. They are often missed because theirvague symptoms, such as tiredness, muscle weakness, mental confusion or heart rhythm changes, tend to be mistaken for complications of the cancer or other existing health issues rather than being recognised as electrolyte-related problems (Oronsky et al., 2017; Rashidi et al., 2026). Designing an effective first-line cancer treatment demands an individualised strategy that integrates tumour pathology, molecular profile, disease extent, patient age and existing comorbidities to achieve optimal clinical results while reducing therapy-related complications (Liu et al., 2024). Epidemiological data from a large population-based study involving over 14 million individuals from 2007 to 2021 indicate that cancer incidence rates are higher in women than men, with breast cancer being the most prevalent malignancy among women and lung cancer dominating among men (Yuan et al., 2024). Electrolyte imbalances are common in anticancer treatment settings, withhypomagnesaemia and hyponatraemia being the most frequent, often resulting from the nephrotoxic and renal tubular effects of platinum agents or the synergistic impact of TKIs and checkpoint inhibitors. Hypophosphataemia, hypocalcaemia, and hypokalaemia occur less frequently but warrant monitoring (Oronsky et al., 2017; Rashidi et al., 2026; Wang et al., 2015). Notably, immune checkpoint inhibitor-associated sarcoid-like granulomatosis, while capable of causing renal involvement, has not consistently been associated with significant electrolyte disturbances, implying that granulomatous inflammation does not always result in measurable metabolic derangement (Melin et al., 2022). Adjuvant regimens for colorectal cancer, such as FOLFOX or CAPOX, can trigger electrolyte disturbances including hypocalcaemia, hyponatraemia, and hypomagnesaemia, though less frequently than cisplatin-based therapies. In metastatic cases, combinations like FOLFOXIRI with targeted agents heighten the risk of multiple ion imbalances, necessitating close biochemical monitoring. (Kala et al., 2024; Oronsky et al., 2017; Rashidi et al., 2026). Differentiating between chemotherapy-induced and disease-related electrolyte imbalances is critical yet challenging, as symptoms like fatigue, weakness and confusion often overlap with cancer manifestations. Accurate diagnosisrequires serial laboratory evaluations during and after chemotherapy cycles to detect evolving ion disturbances (Byar & Anderson, 2025). Management of electrolyte disorders depends on the specific ion imbalance. Sodium abnormalities, whether hypo- or hypernatraemia, require careful correction tailored to symptom severity and duration. In acute hyponatraemia (<48 hours) with neurological involvement, hypertonic saline is used to elevate serum sodium by 1–2 mmol/L per hour, while in chronic cases, correction should proceed gradually, by no more than 4–8 mmol/L per day (4–6 mmol/L/day for high-risk individuals) to avoid rapid sodium correction and subsequent neurological damage. The Adrogue–Madias formula can assist in estimating correction needs, but frequent laboratory monitoring remains essential (S. Chen et al., 2021; Rondon-Berrios & Sterns, 2022). In cases of mild to moderate hyponatraemia secondary to SIADH, controlled limitation of fluid intake is the initial treatment of choice, aiming to limit total water intake and promote gradual sodium correction. If fluid restriction proves insufficient, pharmacologic options such as loop diuretics, urea, or vasopressin receptor antagonists (vaptans) may be employed to enhance water excretion and sodium normalisation. Management of hypernatraemia involves calculating the patient’s water deficit and carefully correcting serum sodium levels at a controlled rate, typically up to 10 mEq/L per day for chronic cases and 1–2 mEq/L per hour in acute situations, while accounting for ongoing fluid losses to prevent complications like osmotic demyelination (Grant et al., 2015). For other electrolyte disorders, therapy involves oral or intravenous supplementation (Berardi et al., 2019). In cases where hypomagnesaemia underlies hypokalaemia or hypocalcaemia, magnesium correction takes priority (Byar & Anderson, 2025). Initial management of acute hypercalcaemia involves rapid rehydration therapy with isotonic saline (200–500 mL/h) to normalise fluid balance, followed by the administration of antiresorptive agents such as bisphosphonates (e.g., zoledronic acid, adjusted for renal function) or denosumab to achieve sustained calcium normalisation (Almuradova & Cicin, 2023). Management ofhypophosphataemia in cancer patients focuses on addressing underlying causes, providing dietary or pharmacologic phosphate and calcitriol supplementation, and involving nephrology for severe or refractory cases. Intravenous replacement is reserved for symptomatic or profound depletion (<1.0 mg/dL), with close monitoring to prevent hypocalcaemia, arrhythmias, and renal complications (Adhikari et al., 2021; Geerse et al., 2010).

6. FUTURE DIRECTIONS AND RECOMMENDATIONS
Future strategies in oncology should emphasise the integration of electrolyte monitoring into standard cancer care pathways to improve patient safety and treatment efficacy. Future research should use prospective, multi-centre cohorts with standardised definitions, consistent sampling time points, and clear reporting of anticancer regimen, cumulative dose, renal function, comorbidities, supportive medicines and clinical outcomes.  Routine surveillance of electrolytes such as sodium, potassium, calcium, magnesium, and phosphate should be embedded within chemotherapy and immunotherapy protocols, enabling early identification and management of disturbances that could otherwise lead to severe complications or therapy interruptions (Byar & Anderson, 2025; Oronsky et al., 2017). The adoption of digital health tools including real-time electrolyte tracking, predictive analytics and AI-driven clinical alerts can facilitate personalized treatment adjustments and optimize fluid and electrolyte balance (Huang et al., 2025). Moreover, the incorporation of precision medicine approaches, such as genomic and metabolic profiling, may allow clinicians to anticipate electrolyte derangements based on patient-specific susceptibility and drug-response patterns (Birla et al., 2025). Collaborative efforts between oncologists, nephrologists, and clinical pharmacologists are essential to enhance understanding of electrolyte–drug interactions and to formulate unified guidelines (Nakagawa et al., 2025). Interdisciplinary education and awareness programs should be strengthened to ensure that healthcare professionals across oncology teams recognize, prevent and manage electrolyte disorders effectively, ultimately improving quality of life and outcomes for cancer patients receiving complex, targeted or cytotoxic therapies.

7. CONCLUSION
Electrolyte disturbances constitute afrequently overlooked yet clinically important aspect of cancer chemotherapy, influencing not only the effectiveness of treatment but also patient safety and survival. Their complex origins, ranging from medication-induced renal injury and metabolic stress to nutritional compromise, highlight the intricate interplay between cancer therapy and systemic homeostasis. Despite their clinical relevance, these imbalances are often under-monitored in standard oncology care, resulting in preventable morbidity and therapy discontinuation. Integrating routine electrolyte assessment into chemotherapy protocols, supported by coordinated efforts among oncologists, nephrologists, and nutrition experts, may improve patient outcomes. Future directions should prioritize the development of individualised electrolyte management plans, predictive analytics, and digital monitoring strategies that align with the principles of precision oncology. Early recognition and timely correction of these abnormalities have the potential to enhance therapeutic continuity, reduce hospitalisation and improve overall quality of life for patients undergoing chemotherapy.

Limitations
This narrative review synthesises heterogeneous publications rather than undertaking a formal quantitative meta-analysis. Differences in cancer populations, anticancer regimens, electrolyte definitions, sampling schedules and reported outcomes limit direct comparisons across studies. Some evidence derives from observational studies or case reports, restricting causal interpretation. The review therefore cannot establish reliable regimen-specific incidence estimates or determine whether a particular monitoring schedule improves outcomes. Prospective studies with standardised measurement and reporting are needed to address these uncertainties.
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