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Case Report: Accelerated parathyroid adenoma progression and hypercalcemia-driven neurotoxicity following pembrolizumab-based neoadjuvant therapy in triple-negative breast cancer: a case of multisystem immune-related adverse events
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This case report describes a 45-year-old TNBC patient (cT3N1M0 IIIA) with preexisting parathyroid adenoma who developed multisystem immune-related toxicities after neoadjuvant pembrolizumab chemotherapy. After two cycles, severe hepatotoxicity (ALT 1,090 U/L), grade 2 dermatitis, hypercalcemic crisis (iPTH 61.99 pmol/L), and meningeal thickening with intracranial hypertension emerged. Imaging revealed 134% parathyroid adenoma enlargement and diffuse meningeal enhancement. Emergency parathyroidectomy and corticosteroids normalized calcium and reversed neurological symptoms. Pathological complete response (pCR) occurred despite ICI discontinuation. This first-reported case suggests that PD-1 inhibitors may activate parathyroid microenvironments to drive adenoma growth. At the same time, calcium–ICI synergy could impair blood–brain barrier integrity, advocating calcium/neurological monitoring in ICI-treated endocrine disorder patients.
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Introduction

Triple-negative breast cancer (TNBC), characterized by the absence of actionable therapeutic targets, historically demonstrates suboptimal outcomes with conventional chemotherapy. Recent advances in PD-1/PD-L1 inhibitors combined with neoadjuvant chemotherapy have significantly improved pathological complete response (pCR) rates, emerging as the standard neoadjuvant approach for locally advanced TNBC (1). However, immune checkpoint inhibitor (ICI)-related multiorgan toxicities (hepatotoxicity, dermatitis, endocrine dysfunction) necessitate heightened vigilance, and their pathogenesis and individual susceptibility remain incompletely elucidated (2). This report details a locally advanced TNBC patient developing sequential grade 4 hepatotoxicity (ALT 1090 U/L), CTCAE grade 2 dermatitis, iPTH-driven hypercalcemia, and immune-mediated meningeal thickening following pembrolizumab chemotherapy. Complete multisystem toxicity resolution occurred postsurgical parathyroidectomy and ICI discontinuation, representing the first documentation of ICI-associated parathyroid adenoma acceleration and calcium-neurotoxicity synergy.





Case description

A 45-year-old woman with triple-negative breast cancer (cT3N1M0, stage IIIA) initiated neoadjuvant therapy (nab-paclitaxel/carboplatin/pembrolizumab) in March 2024. She achieved clinical partial response (cPR) after two well-tolerated cycles. Baseline evaluation revealed a right parathyroid mass (38×13mm, negative biopsy) (Figure 1A) with mild hypercalcemia (2.90 mmol/L; normal 2.10-2.60) and elevated iPTH (15.46 pmol/L; normal 1.6-6.9), suggesting parathyroid dysfunction.
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Figure 1 | (A) 02–29 parathyroid ultrasound (B) 05-18 parathyroid ultrasound (C) 05–18 CT of the neck.

On April 22 (cycle 3 initiation), she developed grade 4 drug-induced liver injury (ALT 1090.3 U/L, AST 500.3 U/L). After excluding viral/autoimmune hepatitis, magnesium isoglycyrrhizinate therapy achieved partial hepatic recovery by May 1 (ALT 242.0 U/L, AST 81.5 U/L). Clinical status abruptly deteriorated on May 5 with confluent erythematous papules (CTCAE grade 2 rash), fever (39.0 °C), and leukopenia (WBC 2.1×109/L). Corticosteroids and antihistamines gradually resolved cutaneous manifestations. On May 7, she presented with acute-onset severe headache, emesis, and hypertension (170/98 mmHg). Contrast-enhanced MRI demonstrated diffuse leptomeningeal enhancement along bilateral frontotemporal regions and tentorium cerebelli (Figure 2A). Cerebrospinal fluid analysis showed no malignant cells but elevated opening pressure (70 cmH2O) (Figure 2C), suggesting immune-related meningeal inflammation. Concurrent metabolic derangements progressed rapidly: hypercalcemia (3.22 mmol/L), iPTH surge (44.85 pmol/L, 290% baseline increase), and rising ALP (222 U/L) indicated hypercalcemic crisis. Emergency endocrinological intervention (salmon calcitonin/zoledronic acid/fluid resuscitation) transiently reduced calcium levels. The parathyroid mass enlarged to 51×25mm (134% volume increase) (Figures 1B, C) by late May, with iPTH rising to 61.99 pmol/L. Parathyroid scintigraphy confirmed functional adenoma. Right, parathyroidectomy on May 22 confirmed parathyroid adenoma histologically, with postoperative normalization of calcium (2.28 mmol/L) and iPTH. Given the temporal association of multisystem toxicity (hepatic, neurological, metabolic) with immunotherapy, pembrolizumab was discontinued in May while continuing dual chemotherapy for four cycles. Postoperative brain MRI on June 03 revealed complete resolution of meningeal thickening. (Figure 2B) Five-month follow-up showed no residual hepatic, dermatological, metabolic, or neurological sequelae. Left mastectomy on November 17 confirmed pathological complete response (pCR). The detailed treatment process is illustrated in Table 1.
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Figure 2 | (A) 05–07 the brain MRI (B) 06–03 the brain MRI (C) 05–14 cerebrospinal fluid biopsy.


Table 1 | Treatment timeline chart.
	Time
	Key events and management



	March
	Diagnosis: cT3N1M0 IIIA TNBC; baseline parathyroid adenoma (38×13 mm, iPTH 15.46 pmol/L). Treatment: Nab-paclitaxel + carboplatin + pembrolizumab initiated.


	April
	Cycle 2: Partial response (cPR). Pre-cycle 3 (Apr 22): Grade IV hepatotoxicity (ALT 1090 U/L). Action: Pembrolizumab paused; liver support.


	May 1
	Liver recovery: ALT 242 U/L. Continued hepatoprotective therapy.


	May 5
	Immune toxicity: Grade 2 rash, fever, leukopenia. Action: Glucocorticoids + antihistamines.


	May 7
	Crisis:
- Meningitis (MRI: meningeal thickening).
- Hypercalcemia (Ca²+; 3.22 mmol/L, iPTH 44.85 pmol/L).
Action: ICP management, calcitonin + zoledronic acid.


	May 22
	Surgery: Parathyroid adenoma resected (volume ↑134%, iPTH 61.99 pmol/L). Post-op: Ca²+;/iPTH normalized.


	May–Nov
	Adjusted therapy: Pembrolizumab stopped; continued chemo (4 cycles). Follow-up: Brain MRI normal (June 03).


	5-month follow-up
	Outcome: No residual toxicity


	Nov 17
	Mastectomy: Pathologic complete response (pCR).





Bold value indicates key events.







Discussion

This study presents the first documented case of accelerated parathyroid adenoma progression and immune-mediated leptomeningeal thickening associated with PD-1 inhibitor pembrolizumab during neoadjuvant therapy for triple-negative breast cancer (TNBC). The evolving clinical manifestations offer critical insights into immune checkpoint inhibitor (ICI) toxicity mechanisms. While immune-mediated hepatitis (IMH) and cutaneous reactions are well-established complications, ICI-induced central nervous system (CNS) toxicity such as meningeal inflammation and metabolic disturbances including hypercalcemia remain exceptionally rare in clinical practice.

In breast cancer management, hypercalcemia typically correlates with bone metastases or paraneoplastic syndromes (3, 4). Nevertheless, several case reports have suggested that pembrolizumab could trigger immune-related endocrine disorders (5), which may stimulate the production of PTHrP and calcitriol, and potentially cause hypocortisolemia. All these alterations can disturb calcium homeostasis, leading to the development of hypercalcemia. This suggests that pembrolizumab-associated hypercalcemia likely involves indirect mechanisms, rather than directly promoting hyperparathyroidism or cancer progression (6). Additionally, existing research indicates that the evidence linking pembrolizumab to parathyroid abnormalities is limited. There are only sporadic reports of patients developing hypoparathyroidism after treatment with pembrolizumab (7), leading to subsequent hypocalcemia (8). These observations align with findings reported in the KEYNOTE-189 and CHECKMATE-067 clinical trials (9). However, pembrolizumab presents a novel therapeutic avenue for patients with advanced parathyroid carcinoma exhibiting MSI-H or high TMB, demonstrating a significant reduction in tumor load following treatment. Nonetheless, the mechanism of action, which involves reversing immunosuppression, may unintentionally result in multiorgan dysfunction, encompassing hypercalcemic crisis and central neurotoxicity (10–12). In this case, the significant elevation of iPTH, the doubling of the adenoma volume, and the reversal of postoperative indicators strongly suggest a direct correlation between hyperparathyroidism and ICI exposure. Although no studies to date have indicated a direct relationship between PD-L1 and the growth of parathyroid adenomas, based on immunological mechanisms, we hypothesize that PD-1 inhibitors may block the PD-1/PD-L1 signaling pathway, thereby alleviating the immunosuppressive state within the tumor microenvironment, leading to abnormal proliferation of primary parathyroid adenoma cells and subsequent hyperparathyroidism (13). Concurrent systemic inflammation from ICI therapy could further stimulate parathyroid hormone hypersecretion (14, 15). These findings significantly expand the recognized spectrum of ICI-related endocrine toxicities, emphasizing the necessity for rigorous iPTH surveillance in patients with preexisting parathyroid abnormalities. Notably, the baseline assessment ruled out established factors for hyperparathyroidism in this patient, including chronic kidney disease (16), prior exposure to PTH-like agents (17), and denosumab administration (18), which strengthens the evidence for an association between pembrolizumab and the development of hyperparathyroidism. Nevertheless, since CDC73 genetic screening was not conducted for this patient, the possibility of CDC73-associated hyperparathyroidism cannot be excluded (19).

The neurological presentation—contrast-enhancing leptomeningeal thickening on MRI, intracranial hypertension (70 cmH2O), and acellular cerebrospinal fluid—aligns with classic ICI-associated aseptic meningitis (20, 21). Mechanistically, PD-1 inhibition may activate peripheral T cells capable of crossing the blood–brain barrier, subsequently releasing IFN-γ and other pro-inflammatory cytokines within meningeal tissues (22). Notably, coexisting hypercalcemia might synergistically increase vascular permeability, potentially exacerbating blood–brain barrier disruption and cerebral edema formation. This pathophysiological interplay underscores the importance of prioritizing immune-mediated toxicity over metastatic disease in I-CI-treated patients presenting with neurological symptoms, thereby avoiding diagnostic delays or inappropriate steroid administration.

The sequential emergence of grade 4 hepatotoxicity, CTCAE grade 2 dermatitis, hypercalcemic crisis, and meningeal inflammation reveals a potential temporal progression pattern of multiorgan ICI toxicity. Study limitations include the absence of PD-L1 expression analysis in resected adenoma tissue and detailed T-cell infiltration profiling. Future investigations employing multiomics approaches are required to elucidate molecular pathways linking ICI therapy to parathyroid dysregulation. Clinically, these findings mandate heightened vigilance for atypical ICI toxicities in patients with endocrine comorbidities, particularly emphasizing calcium/iPTH monitoring in populations predisposed to parathyroid dysfunction. The case further highlights the necessity for early multidisciplinary intervention when managing concurrent immune-mediated complications.

This paradigm-shifting case redefines the current understanding of ICI endocrine toxicity while illuminating the complex interplay between metabolic derangements and neuroinflammation in immunotherapy-related adverse events. According to the updated ASCO guidelines, aseptic meningitis is a rare neurological irAE, with typical symptoms including headache, photophobia, neck stiffness, and nausea. Diagnosis requires ruling out infectious causes via lumbar puncture. Management strategies include suspending ICPi, obtaining neurological consultation, and initiating corticosteroid therapy with a slow taper to prevent recurrence, which is consistent with the present case. While hyperparathyroidism is a relatively uncommon irAE, its occurrence might signal a more extensive endocrine-immune imbalance. This underscores the importance of evaluation by an endocrinology specialist to assess calcium and phosphate homeostasis and determine the potential need for hormonal intervention. In summary, the early detection of these irAEs, a multidisciplinary team approach (engaging medical oncology, neurology, and endocrinology), and adherence to guideline-recommended management are paramount for weighing the antitumor benefits against the potential toxicities, thereby optimizing patient prognosis. Further research is warranted to elucidate the pathogenesis of these uncommon irAEs and to investigate personalized therapeutic approaches (23).It serves as a critical reminder that expanding clinical awareness of rare ICI toxicities remains essential for optimizing cancer immunotherapy safety profiles.

While our investigation provides compelling evidence for a causal link between pembrolizumab exposure and the accelerated progression of parathyroid adenoma, based on meticulous clinical time-series data and the normalization of postoperative indicators, it is imperative to recognize that the intrinsic molecular mechanisms are not yet fully understood. The observed phenomenon of adenoma proliferation in this case is particularly remarkable, considering that PD-1 inhibitors are more commonly reported to induce hypoparathyroidism (24, 25). It remains uncertain whether this is a fortuitous association or attributable to distinct molecular features within the patient’s parathyroid adenoma (such as specific gene mutations or the immune microenvironment), which may have led to an anomalous reaction to checkpoint inhibitor therapy. The absence of PD-L1 expression assessment and comprehensive genomic profiling of the adenoma tissue means these questions are still unresolved. Future research efforts should concentrate on performing multiomics analyses on analogous cases to decipher the underlying pathogenic mechanisms, which is pivotal for comprehending these rare immune-related adverse events.
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