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Abstract
Hypercalcemia is a rare yet potentially life-threatening immune-related adverse event (irAE) of immune checkpoint inhibitors (ICIs). While 
disease progression is the primary differential, distinct immune-mediated pathways necessitate specific clinical recognition. This review 
explores mechanisms involving calcitriol, parathyroid hormone-related protein (PTHrP), and inflammatory cascades. Classically, humoral 
hypercalcemia of malignancy involves tumor-secreted PTHrP. However, ICI-induced cases often exhibit suppressed parathyroid hormone 
with variable PTHrP, suggesting immune dysregulation rather than pure tumor burden. A significant pathway involves excessive calcitriol 
production, mirroring granulomatous diseases. Here, ICI-activated macrophages express 1-alpha-hydroxylase, converting vitamin D 
to its active form, thereby increasing intestinal calcium absorption and bone resorption. Additionally, PTHrP elevation may arise from 
immune-mediated tissue inflammation or sarcoid-like reactions triggered by T-cell activation rather than direct tumor secretion. Beyond 
these canonical pathways, cytokine release syndromes involving interleukin-6 and tumor necrosis factor-alpha can directly stimulate 
osteoclastogenesis by the RANKL pathway, accelerating bone breakdown. Direct immune infiltration into parathyroid glands or bone 
marrow might also disrupt calcium homeostasis. Distinguishing these mechanisms is critical, as management diverges from malignancy-
associated hypercalcemia. Though, hydration and bisphosphonates are standard; however, corticosteroids are particularly effective for 
calcitriol-mediated or inflammatory mechanisms. Recognizing specific drivers prevents unnecessary treatments and ensures timely 
intervention. As ICI administration expands across oncology, clinicians must maintain high suspicion for these rare endocrine irAEs. 
Therefore, larger studies should define biomarkers to predict susceptibility and clarify molecular interactions. Eventually, elucidating 
these complex pathways ensures patient safety, preserving the therapeutic benefits of immunotherapy while effectively diminishing severe 
metabolic complications through optimal and targeted management strategies.
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Introduction
The background of oncological treatment has undergone 
a paradigm shift in the last decade, primarily driven by 
the advent of immune checkpoint inhibitors (ICIs). 
These agents, which include monoclonal antibodies 
targeting cytotoxic T-lymphocyte-associated protein 4, 
programmed cell death protein 1, and its ligand, have 
revolutionized the management of various malignancies, 
including melanoma, non-small cell lung cancer, and renal 
cell carcinoma (1). By blocking the inhibitory pathways 
that tumors exploit to evade immune surveillance, these 
drugs unleash the host’s T-cells to recognize and destroy 
cancer cells. However, this potentiation of the immune 
system is a double-edged sword, frequently resulting 
in immune-related adverse events (irAEs) (2). Though 

dermatological, gastrointestinal, and endocrine toxicities 
such as thyroiditis and hypophysitis are well-documented 
and relatively common, metabolic disturbances remain 
a less frequent but clinically significant category of 
toxicity. Among these, hypercalcemia presents a unique 
diagnostic and therapeutic challenge, since it requires 
the clinician to distinguish between disease progression, 
paraneoplastic syndromes, and a direct immune-mediated 
adverse effect of the therapy itself (3). Hypercalcemia 
in the context of cancer is traditionally associated with 
the malignancy rather than the treatment. Humoral 
hypercalcemia of malignancy, driven by the secretion 
of parathyroid hormone-related protein (PTHrP) by 
tumor cells, or osteolytic hypercalcemia resulting from 
bone metastases, are common occurrences in advanced 
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 Implication for health policy/practice/research/
medical education
Checkpoint inhibitors revolutionize oncology; however, they provoke 
immune-related adverse events (irAEs). Hypercalcemia represents a rare, 
serious irAE frequently confused with malignant disease progression. 
Unlike humoral hypercalcemia of malignancy driven primarily by 
tumor-derived parathyroid hormone-related protein (PTHrP), the 
immune checkpoint inhibitor-associated hypercalcemia arises from 
immune dysregulation. Activated T-cells and macrophages may form 
sarcoid-like granulomas, upregulating 1-alpha-hydroxylase, thereby 
converting vitamin D to active calcitriol, enhancing intestinal calcium 
absorption significantly. Conversely, inflammatory cytokines can 
stimulate non-malignant tissues to secrete PTHrP or directly activate 
osteoclasts by RANKL signaling. Differentiating these immune-mediated 
mechanisms from bone metastasis is crucial for clinical management. 
Treatment typically requires corticosteroids to suppress immune 
activation, rather than solely relying on bisphosphonates or denosumab. 
Recognizing distinct etiologies prevents premature checkpoint inhibitors 
discontinuation and ensures appropriate therapy. Future investigations 
must define prevalence, risk factors, and biomarkers to optimize 
management strategies for patients experiencing checkpoint inhibitors-
induced hypercalcemia amidst complex oncological care settings.

cancer (4). Consequently, when a patient receiving ICIs 
presents with elevated serum calcium, the immediate 
clinical assumption is often disease progression or a 
paraneoplastic phenomenon (5). However, recent studies 
and pharmacovigilance data have identified a distinct 
entity of ICI-associated hypercalcemia. This condition 
is considered a rare irAE, yet its incidence is likely 
underreported due to the complexity of differentiating 
it from malignancy-associated hypercalcemia (6). 
Identification of this condition is critical because the 
management strategies differ fundamentally. Treating 
malignancy-associated hypercalcemia focuses on 
inhibiting bone resorption and treating the cancer, 
whereas immune-mediated hypercalcemia often requires 
immunosuppression to halt the aberrant immune 
activation driving the calcium elevation (4). This review 
sought to discuss on the pathophysiological pathways of 
hypercalcemia as an irAE of checkpoint inhibitors.

Search strategy
For this review, we performed a literature search across 
multiple databases, including PubMed, Google Scholar, 
the Directory of Open Access Journals (DOAJ), Web 
of Science, EBSCO, Scopus, and Embase. The search 
strategy employed a variety of relevant keywords, 
such as “immune checkpoint inhibitors,” “parathyroid 
hormone-related protein,” “hypercalcemia,” “immune-
related adverse events,” “vitamin D,” “parathyroid 
hormone,” “granulomatous disease,” and “primary 
hyperparathyroidism.”

Mechanisms of ICI-associated hypercalcemia
The pathophysiology of ICI-associated hypercalcemia 
is multifactorial and distinct from the mechanisms 
typically seen in humoral hypercalcemia of malignancy. 
The prevailing hypothesis centers on the development 

of a sarcoid-like reaction or granulomatous disease 
induced by the disinhibition of the immune system (7). 
When checkpoint pathways are blocked, T-cell activation 
is strengthened, which can lead to the recruitment and 
activation of macrophages in various tissues, including 
the lymph nodes, lungs, and liver. In a sarcoid-like 
reaction, these activated macrophages form non-caseating 
granulomas (8). Remarkably, macrophages within these 
granulomas express the enzyme 1-alpha-hydroxylase, 
which converts 25-hydroxyvitamin D into the biologically 
active 1,25-dihydroxyvitamin D (9). Unlike the renal 
production of active vitamin D, which is tightly 
regulated by parathyroid hormone and serum calcium 
levels, the extrarenal production within granulomas is 
unregulated. This condition leads to excessive intestinal 
absorption of calcium and increased bone resorption, 
resulting in hypercalcemia. This mechanism mirrors the 
pathophysiology seen in sarcoidosis, suggesting that the 
ICIs are essentially inducing a systemic inflammatory state 
that mimics granulomatous disease (10,11). In addition to 
the granulomatous hypothesis, cytokine release plays a 
significant role in the development of this adverse event. 
The activation of T-cells and the subsequent immune 
cascade result in the release of various pro-inflammatory 
cytokines, such as interleukin-6, tumor necrosis factor-
alpha, and interferon-gamma. These cytokines can directly 
stimulate osteoclast activity, leading to increased bone 
resorption and the release of calcium into the bloodstream 
(12). Furthermore, there is evidence to suggest that ICIs 
may unmask underlying primary hyperparathyroidism or 
exacerbate subclinical conditions (13). In some reported 
cases, patients have been found to have concurrent primary 
hyperparathyroidism that was previously compensated 
but became decompensated following the immune 
stimulation provided by the therapy. This complexity 
necessitates a thorough endocrine workup, as the presence 
of an elevated parathyroid hormone level would point 
toward primary hyperparathyroidism rather than a direct 
immune-mediated effect or malignancy, both of which 
typically suppress parathyroid hormone secretion (14). 
The interplay between these mechanisms highlights the 
systemic nature of irAEs and underscores the need for 
a high index of suspicion when metabolic abnormalities 
arise during immunotherapy. Diagnosing ICI-associated 
hypercalcemia requires a meticulous exclusion of 
other causes, primarily malignancy progression (15). 
The diagnostic workup begins with the confirmation 
of hypercalcemia through repeated measurements of 
serum calcium, preferably corrected for albumin or 
measured as ionized calcium to ensure accuracy (16). 
Once hypercalcemia is confirmed, the measurement of 
intact parathyroid hormone is the decisive first step in 
the differential diagnosis. In the vast majority of cancer-
associated hypercalcemia cases, whether due to bone 
metastasis or PTHrP secretion, the parathyroid hormone 
level will be suppressed due to the negative feedback loop 
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exerted by high calcium levels (17). Similarly, in immune-
mediated hypercalcemia driven by granulomatous 
vitamin D production, parathyroid hormone is typically 
suppressed. Therefore, a suppressed parathyroid hormone 
does not distinguish between malignancy and drug toxicity. 
The differentiation relies heavily on the measurement 
of PTHrP and vitamin D metabolites (18). If PTHrP is 
elevated, humoral hypercalcemia of malignancy is the 
likely culprit (19,20). Conversely, if PTHrP is undetectable 
and 1,25-dihydroxyvitamin D levels are elevated, this 
strongly supports a diagnosis of granulomatous disease 
induced by the ICI (21,22).

Diagnostic studies
Imaging studies play a complementary role in the 
diagnostic algorithm. Computed tomography scans of 
the chest, abdomen, and pelvis are standard for staging 
cancer, but in the context of suspected immune-mediated 
hypercalcemia, radiologists should specifically look for 
new or enlarging lymphadenopathy that might suggest 
a sarcoid-like reaction rather than metastatic disease 
(23). Sarcoid-like lymphadenopathy often presents 
with bilateral hilar lymphadenopathy or mediastinal 
involvement that can mimic metastatic spread but lacks 
the aggressive features of tumor progression (24). In some 
cases, a biopsy of the lymph nodes may be necessary to 
confirm the presence of non-caseating granulomas and 
rule out malignant infiltration. This distinction is vital 
because misdiagnosing a sarcoid-like reaction as cancer 
progression could lead to the unnecessary discontinuation 
of an effective cancer therapy (25). Furthermore, bone scans 
or positron emission tomography scans can help identify 
osteolytic lesions. The absence of new bone metastasis 
in a patient with rising calcium levels strengthens the 
argument for an immune-mediated etiology (26). The 
diagnostic process is therefore a synthesis of biochemical 
markers, imaging findings, and clinical timing relative to 
the administration of the drug. The timing of the onset 
of hypercalcemia provides another clue to its etiology. 
Immune-related adverse events can occur at any time 
during treatment, but they often present within the first 
few months of initiating therapy (27). However, cases of 
ICI-associated hypercalcemia have been reported both 
early in the treatment course and after prolonged exposure, 
sometimes even after the discontinuation of the drug. 
This variability contrasts with malignancy-associated 
hypercalcemia, which typically correlates with increasing 
tumor burden over time (7). Clinicians should also assess 
the patient for other signs of immune-related toxicity, 
such as rash, colitis, or pneumonitis, as hypercalcemia 
rarely occurs in isolation when it is immune-mediated. 
The presence of concurrent irAEs increases the likelihood 
that the hypercalcemia is also immune-driven (28). 
Additionally, the severity of the hypercalcemia can vary 
from asymptomatic biochemical abnormalities to life-
threatening levels requiring emergency intervention (29). 

Symptoms of hypercalcemia, often remembered by the 
mnemonic bones, stones, groans, and moans, include 
fatigue, nausea, vomiting, constipation, polyuria, and 
confusion (30,31). In severe cases, cardiac arrhythmias 
can occur. Recognizing these symptoms promptly is 
essential to prevent morbidity and mortality, particularly 
in a population that is already compromised by advanced 
malignancy (32).

Management of ICI-associated hypercalcemia
Management of ICI-associated hypercalcemia follows a 
two-separate approach, consisted of acute correction of 
the calcium levels and specific treatment of the underlying 
immune dysregulation (33). The immediate priority is to 
lower the serum calcium to a safe range to prevent end-
organ damage. This approach begins with aggressive 
intravenous hydration using isotonic saline to restore 
intravascular volume and promote renal calcium excretion 
(34). Loop diuretics may be added once volume status is 
restored to further enhance calciuresis, although they are 
no longer considered first-line monotherapy (35). For 
moderate to severe hypercalcemia, antiresorptive agents 
such as intravenous bisphosphonates or the RANK-ligand 
inhibitor denosumab are indicated. These agents inhibit 
osteoclast-mediated bone resorption and are effective in 
lowering calcium levels regardless of the underlying cause 
(36). However, these measures address the symptom, and 
do not treat the root cause in immune-mediated cases 
(36). Therefore, the administration of corticosteroids is 
the cornerstone of specific therapy for ICI-associated 
hypercalcemia (7). Corticosteroids, such as prednisone or 
methylprednisolone, act by reducing the granulomatous 
inflammation and inhibiting the 1-alpha-hydroxylase 
activity within the macrophages, thereby reducing the 
production of active vitamin D (37,38). The decision to 
administer corticosteroids in a cancer patient receiving 
immunotherapy is often with concern regarding the 
potential attenuation of the antitumor immune response. 
There is a longstanding debate in oncology about whether 
immunosuppression negates the efficacy of ICIs (39). 
However, current guidelines from major oncological 
societies suggest that for grade 3 or 4 irAEs, high-dose 
corticosteroids are necessary and should not be withheld 
due to fears of reducing cancer treatment efficacy (40). In 
the specific context of hypercalcemia, the rapid resolution 
of the metabolic disturbance is critical for patient survival 
and quality of life. Most case reports indicated that 
hypercalcemia responds rapidly to corticosteroid therapy, 
often within days, allowing for the normalization of calcium 
levels. Once the calcium is controlled, the steroids can be 
tapered slowly over several weeks to prevent rebound 
hypercalcemia (41). If the hypercalcemia is refractory to 
corticosteroids, additional immunosuppressive agents 
such as infliximab or mycophenolate mofetil may be 
considered, although data on their use specifically for 
this indication is limited (42). The goal is to administer 
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the minimum effective dose of immunosuppression 
required to manage the toxicity while preserving as 
much antitumor immunity as possible (43). A critical 
component of management is the decision regarding 
the continuation of the ICI. This decision is guided by 
the severity of the hypercalcemia and the response to 
treatment. For mild, asymptomatic hypercalcemia, it 
may be permissible to continue the immunotherapy with 
close monitoring and supportive care (28). However, for 
moderate to severe cases, the general recommendation 
is to withhold the ICI until the toxicity resolves to grade 
1 or baseline. In cases of life-threatening hypercalcemia 
or those that are recurrent despite optimal management, 
permanent discontinuation of the drug may be necessary. 
This decision should be made in a multidisciplinary 
setting involving medical oncologists, endocrinologists, 
and sometimes intensivists (28). The potential benefit of 
continuing the cancer therapy must be weighed against the 
risk of recurrent or worsening toxicity. In many instances, 
once the hypercalcemia is managed with steroids and the 
drug is temporarily held, patients can successfully resume 
immunotherapy without recurrence of the metabolic 
disturbance (28,44). However, rechallenge should be 
approached with caution, and patients should be educated 
on the symptoms of hypercalcemia to ensure early 
detection if it recurs. Accordingly, long-term monitoring is 
essential for patients who have experienced ICI-associated 
hypercalcemia (7). Even after the acute episode has 
resolved and the drug has been resumed or discontinued, 
there is a risk of late-onset endocrine dysfunction. 
Regular monitoring of serum calcium, renal function, and 
vitamin D metabolites should be incorporated into the 
follow-up schedule (45). Patients should also be advised 
to maintain adequate hydration and to avoid excessive 
intake of calcium or vitamin D supplements, which could 
exacerbate the tendency toward hypercalcemia (45). Bone 
health is another consideration, particularly if the patient 
has received bisphosphonates or denosumab, as these 
agents carry risks such as osteonecrosis of the jaw and 
atypical femoral fractures (46). Furthermore, the use of 
corticosteroids introduces its own set of long-term risks, 
including hyperglycemia, osteoporosis, and increased 
susceptibility to infection (47). Therefore, the management 
plan must be holistic, addressing not only the calcium 
levels but also the sequelae of the treatment required to 
correct them. Prophylactic measures, such as calcium and 
vitamin D supplementation to protect bone density during 
steroid use, should be balanced carefully against the risk 
of worsening hypercalcemia, often requiring a tailored 
approach where calcium supplementation is withheld 
while active hypercalcemia is present but reintroduced 
once levels normalize (36).

Conclusion
Checkpoint inhibitors revolutionize oncology but 
provoke irAEs, including hypercalcemia. While 

malignancy-associated hypercalcemia typically arises 
from bone metastasis or PTHrP secretion, ICI-induced 
hypercalcemia involves distinct immunological pathways. 
A primary mechanism addresses granulomatous diseases, 
where activated macrophages excessively convert vitamin 
D to calcitriol, enhancing intestinal calcium absorption. 
Alternatively, immune activation may stimulate tumor 
or stromal cells to secrete PTHrP, mimicking humoral 
hypercalcemia of malignancy but driven by inflammatory 
cytokines. Beyond calcitriol and PTHrP, other pathways 
like direct osteoclast activation. Pro-inflammatory 
cytokines upregulate RANKL expression, accelerating 
bone resorption independently of parathyroid hormone. 
Distinguishing ICI-induced hypercalcemia from tumor 
progression is necessary, since management differs 
significantly. Though hydration and bisphosphonates 
address calcium levels, corticosteroids are often required 
to suppress the underlying immune dysregulation, 
particularly in calcitriol-mediated cases. 
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