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Background

Immune-checkpoint inhibitors (ICIs) have significantly improved metastatic renal cell carcinoma (mRCC) prognosis, although their efficacy in patients with bone metastases (BMs) remains poorly understood. We investigated the prognostic role of natremia in pretreated RCC patients with BMs receiving immunotherapy.





Materials and methods

This retrospective multicenter study included RCC patients with BMs receiving nivolumab as second-line therapy or beyond. Inclusion criteria involved baseline sodium levels (pre-ICI) and sodium levels after 4 weeks of nivolumab initiation (post-ICI). The population was divided into two groups based on the median value, and response rates, progression-free survival (PFS), and overall survival (OS) were assessed.





Results

Among 120 eligible patients, those with pre-treatment sodium levels ≥140 mEq/L showed longer OS (18.7 vs. 12.0 months, p=0.04). Pre-treatment sodium levels ≥140 mEq/L were associated with better OS compared to levels <140 mE/L (18.7 vs. 12.0, p=0.04). Post-treatment sodium levels ≥140 mEq/L were associated with improved PFS (9.6 vs. 3.2 months) and OS (25.1 vs. 8.8 months) (p=0.05 and p<0.01, respectively). Patients with consistent sodium levels ≥140 mEq/L at both time points exhibited the best outcomes compared to those with lower values (PFS 11.5 vs. 3.3 months and OS 42.2 vs. 9.0 months, respectively, p<0.01). Disease control rate was significantly higher in the latter group (p<0.01). Multivariate analysis confirmed the prognostic significance of sodium levels.





Conclusion

Elevated sodium levels (≥140 mEq/L) pre- and post-ICI treatment correlate with better survival outcomes in mRCC patients with BMs. This finding suggests sodium level assessment as a potential prognostic factor in these patients and warrants further investigation, particularly in combination immunotherapy settings.
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Introduction

Checkpoint inhibitor therapy is a form of cancer immunotherapy targeting Cytotoxic T-Lymphocyte Antigen 4 (CTLA4), programmed cell death-1 (PD-1), and programmed cell death-ligand 1 (PD-L1) to restore immune system function (1). Immune-checkpoint inhibitors (ICI)-based combinations, such as pembrolizumab/axitinib, nivolumab/cabozantinib, pembrolizumab/lenvatinib and nivolumab/ipilimumab, are now the standard of care for first-line metastatic renal cell carcinoma (mRCC) (2–4). These combinations have shown particular efficacy among intermediate- and poor-risk patients based on the International Metastatic RCC Database Consortium (IMDC). Following first-line treatment with vascular endothelium growth factor receptor-tyrosine kinase inhibitor (VEGFR-TKI), nivolumab, a PD-1 blocking antibody, is a recognized options for second-line therapy (5, 6). However, it is important to acknowledge that not all mRCC patients experience long-term benefits from ICIs, whether administered as monotherapy or in combination (7, 8).

RCC is a heterogeneous disease characterized by a highly variable clinical course, spanning from indolent to rapidly progressive disease (9, 10). Notably, one-third of RCC patients present with bone metastases (BMs) at diagnosis, which is strongly associated with a worse prognosis (11) and a median overall survival (OS) that ranges from 12 to 28 months (12).

While ICIs have demonstrated substantial efficacy against visceral disease, their effectiveness in patients with bone metastases remains insufficiently explored. Data indicates that BMs are associated with inferior progression-free survival (PFS) and OS compared to other metastatic sites during ICI treatment (13), although, additional investigations are imperative.

Consequently, identifying biomarkers to distinguish patients who are most likely to benefit from ICI from those who are not represents an unmet clinical need in practice and research. While potential biomarkers such as molecular and genomic signatures are currently under investigation, none have achieved validation for daily clinical use.

Hyponatremia, defined as a serum sodium level below 135 mEq/L, serves as an independent prognostic factor in various solid malignancies, including RCC (14–17). It has been linked to poorer prognosis and shorter cancer-specific survival in mRCC patients treated with different drug classes (18, 19). Recently, lower, but in range, sodium levels have been correlated with worse prognosis in mRCC patients receiving TKIs or nivolumab therapy (20, 21). Preclinical investigations are currently exploring the influence of sodium levels on cancer progression and the modulation of immune responses, with the potential to unveil novel concurrent therapeutic strategies in the next future (22–24).

This multicenter retrospective analysis was conducted to evaluate the impact of sodium levels on response rates and survival outcomes in RCC patients with BMs receiving nivolumab as second-line therapy or beyond.





Materials and methods




Patients and treatment

We conducted a retrospective analysis of clinical data pertaining to consecutive patients diagnosed with RCC with BMs who underwent treatment with nivolumab as second-line therapy or beyond (after one or more TKI lines). This analysis encompassed the period from October 2015 to November 2019 and involved thirty Oncology Centers in Italy (subgroup analysis of Meet-URO 15 study) (25). The criteria for inclusion in this study entailed the availability of serum sodium measurements at two distinct time points: baseline (mentioned as pre-ICI) and approximately four weeks after the initial administration (mentioned as post-ICI). We systematically documented various demographic and clinical parameters for all patients, including histological subtype, risk classification based on IMDC criteria, Karnofsky-Performance Status (PS) (26), neutrophil-to-lymphocyte ratio (NLR), the choice of first-line therapy, and serum sodium levels.

Nivolumab was initially administered intravenously at a dose of 3 mg/kg administered every two weeks. Subsequently, in May 2018, a fixed dose of 240 mg every two weeks or 480 mg every four weeks was employed, based on local clinical practices, and continued until either disease progression or the onset of unacceptable toxicity. Ethical clearance for this study was granted by the Ethics Regional Ethical Committee of Liguria, under registration number 068/2019. The written informed consent was obtained from all patients.





Treatment evaluation

Serum sodium levels were routinely examined as part of laboratory assessments: at baseline and before the initiation of each subsequent therapy cycle. Normal natremia was defined as a serum sodium level within the range of ≥135 and ≤145 mEq/L, as per the laboratory’s established reference values. Treatment response was conducted at three-month intervals using computed tomography scans, and assessed following the Response Evaluation Criteria in Solid Tumor (RECIST) version 1.1 (27). Treatment efficacy was appraised in terms of both OS and PFS. Any adverse events (AEs) occurring during nivolumab administration were strictly monitored by the investigators and promptly reported in accordance with the Common Terminology Criteria of Adverse Events (CTCAE) version 5.0 (28). A comprehensive analysis was undertaken to explore potential prognostic correlations, encompassing variables such as age, gender, histological subtype, history of previous surgeries, IMDC score, performance status, number of metastatic sites, and levels of serum sodium both before and after the start of systemic treatment.





Efficacy outcomes

The aim of this investigation was to examine the correlation between sodium levels (either before or after ICI treatment) and the treatment effectiveness and survival outcomes of RCC patients diagnosed with BMs and treated with nivolumab as second-line therapy or beyond. To achieve this objective, patients were separated into two cohorts based on the median value of their serum sodium concentrations. The primary endpoints were PFS, which was defined as the duration from the start of treatment to either disease progression or death, and OS, defined as the interval between the initiation of treatment and death from any cause. In addition, secondary outcome measures encompassed disease control rate (DCR), defined as the proportion of patients attaining complete response (CR), partial response (PR), or stable disease (SD), as well as the objective response rate (ORR), indicating the proportion of patients achieving CR or PR (27).





Statistical analysis

Continuous variables were represented by medians, accompanied by ranges indicating the lowest and highest values, while categorical variables were expressed as numerical counts and corresponding percentages. The estimation of PFS and OS employed the Kaplan-Meier method, with group comparisons executed through the log-rank test. Hazard ratios (HRs) and their associated two-sided 95% confidence intervals (CI) were computed using the Cox proportional hazard model.

Prospective prognostic factors for PFS and OS were evaluated in the initial univariate analysis, with variables exhibiting a p-value of ≤0.05 being chosen for inclusion in the subsequent multivariate analysis. The multivariate analysis was adjusted to account for potential confounding variables (i.e., including the IMDC, Karnofsky-PS, score, NLR, prior nephrectomy, and pre- and post-ICI serum sodium levels).

To examine secondary outcomes, the variables were dichotomized, and Fisher’s exact test was employed to establish correlations between dichotomized serum sodium values and clinical and biochemical parameters. The sample size for our study was deliberately determined to achieve a power of 0.80, ensuring a statistically meaningful capacity to detect significant effects or associations. The statistical analyses were carried out using STATA version 9.






Results




Patient characteristics

A total of 120 patients met the eligibility criteria and were included in the study. Their baseline characteristics are summarized in the Table 1. The median age of the patients was 76 years, with a range from 44 to 84 years. Eighty-seven (72.5%) were male, 108 (90.2%) had clear cell histology, and 104 (86.7%) were categorized as intermediate-poor risk according to the IMDC criteria. Nearly all patients (79.2%) had a Karnofsky-PS of 80% or higher (patients able to carry on normal activity and to work without it special care needed). Visceral metastases and lymph node involvement were observed in the 83.3 and 55.8% of patients, respectively. Sunitinib, pazopanib, or alternative therapeutic options represented the first line treatments received by 60.8%, 36.7% and 2.5% of patients, respectively. Nivolumab was administered as a second-, third, or further-line treatment in 70.3%, 21.6% and 7.5% of patients, respectively. Nephrectomy was previously performed in 81.7% of the cases. The serum sodium levels ranged from 129 to 147 mEq/L, with a median value of 140 mEq/L.


Table 1 | Patients’ baseline characteristics.



Additional details regarding the baseline characteristics of patients categorized based on their median serum sodium levels (<140 or ≥140 mEq/L) at both pre- and post-ICI assessments are reported in the Supplementary Files (Supplementary Tables S1-S3). In the pre-treatment evaluation, 69 patients (57.5%) had a serum sodium level ≥140 mEq/L, while 51 patients (42.5%) had a level <140 mEq/L.

At the post-ICI evaluation, 56 patients (46.6%) showed a serum sodium level ≥140 mEq/L, while 64 patients (53.3%) had a level <140 mEq/L.

Notably, no statistically significant differences were observed in terms of demographic and clinical features between patients with serum sodium <140 mEq/L and those with levels ≥140 mEq/L in the pre-ICI evaluation.





Efficacy outcomes and best responses

The evaluation of efficacy outcomes and the best response was established on median serum sodium levels (140 mEq/L) and the timing of assessment as shown in Table 2. At the time of data cut-off, November 2023, the median follow-up was 22.1 months with a mean survival time of 15.5 months (95% CI 9.9-20.3).


Table 2 | Best response, PFS and OS according to serum sodium values.



Significantly, the median OS was longer in the group characterized by higher pre-treatment sodium levels (≥140 mEq/L) if compared to the cohort with lower levels (<140 mEq/L) (18.7 vs. 12.0 months, p=0.04). In contrast, no significant disparities were observed in terms of PFS (p=0.18) (Figure 1). During the post-ICI assessment, patients with serum sodium levels ≥140 mEq/L showed prolonged median PFS and OS compared to those with levels <140 mEq/L (p=0.05 and p<0.01, respectively) (Figure 2). This pattern was consistently observed in patients with natremia ≥140 mEq/L at both pre- and post-ICI assessments when compared to those with at least one natremia level <140 mEq/L (p<0.01 and p<0.01) (Figure 3).




Figure 1 | Kaplan-Meier survival estimate according to pre-ICI sodium value.






Figure 2 | Kaplan-Meier survival estimate according to post-ICI sodium value.






Figure 3 | Kaplan-Meier survival estimate according to both pre-and post-ICI sodium serum values.



No differences were identified in the ORR between patients with serum sodium levels above or below 140 mEq/L at the pre-ICI assessment (p=0.50), post-ICI assessment (p=0.80), or both pre- and post-ICI evaluations (p=0.60). Nevertheless, patients with serum sodium levels ≥140 mEq/L at the post-ICI evaluation and those with levels ≥140 mEq/L at both pre- and post-ICI evaluations exhibited an improved DCR compared to patients with lower levels (p=0.01 and p<0.01, respectively).

In the univariate survival analysis, several factors were found to be associated with PFS, including prior nephrectomy (HR 0.59, 95% CI 0.36-0.95; p=0.03), Karnofsky-PS ≥80% (HR 0.44, 95% CI 0.28-0.71, p<0.01), IMDC intermediate-poor risk score (HR 1.77, 95% CI 1.24-2.52, p<0.01), NLR (HR 1.53, 95% CI 1.15-2.05, p<0.01), post-ICI serum sodium ≥140 mEq/L (HR 0.58, 95% CI 0.40-0.85, p<0.01), and serum sodium ≥140 mEq/L at both pre- and post-ICI evaluations (HR 0.48, 95% CI 0.32-0.72, p<0.01). For OS, significant associations were observed with the following factors: prior surgery (HR 0.48, 95% CI 0.29-0.81, p<0.01), Karnofsky-PS ≥80% (HR 0.38, 95% CI 0.23-0.61, p<0.01), IMDC intermediate-poor risk score (HR 2.76, 95% CI 1.37-5.55, p<0.01), NLR (HR 1.76, 95% CI 1.28-2.41, p<0.01), pre-ICI serum sodium ≥140 mEq/L (HR 0.66, 95% CI 0.44-0.98, p=0.04), post-ICI serum sodium ≥140 mEq/L (HR 0.49, 95% CI 0.32-0.73, p<0.01), and serum sodium ≥140 mEq/L at both pre- and post-ICI evaluations (HR 0.36, 95% CI 0.23-0.57, p<0.01).

In the multivariate analysis, these variables retained their statistical significance concerning both PFS and OS, except for the IMDC score, which did not demonstrate a significant association with PFS. Additionally, previous nephrectomy did not demonstrate a significant association with either PFS or OS. For detailed results of the univariate and multivariate analyses, please refer to Tables 3 and 4.


Table 3 | Univariate analysis for PFS and OS.




Table 4 | Multivariate analysis for PFS and OS.








Discussion

The treatment of mRCC has seen significant advancements, particularly in the use of initial immunotherapy, which has contributed to improve patient prognosis (29). Nivolumab remains the standard of care as a second-line therapy after demonstrating superiority over everolimus in terms of response rate, PFS, OS, and quality of life in the pivotal CheckMate 025 trial (6). However, a significant portion of patients does not respond adequately to ICI therapy or experiences limited benefits. Prognostic markers for immunotherapy response identified in other tumor types have not been replicated in mRCC. The Meet-URO 15 study introduced a more accurate prognostic score incorporating clinical factors (bone metastasis) and inflammatory indices (NLR), outperforming IMDC alone (25). The presence of BMs was identified as an independent prognostic factor for lower OS. However, the study also identified a subgroup of patients with BMs (IMDC favorable-risk category and low NLR) associated with a very positive prognosis, indicating the need to consider bone metastasis prognostics within the patient’s clinical and immunological context.

Approximately one-third of mRCC patients have BMs, with median OS ranging from 12 to 28 months (12). While ICIs have shown efficacy against visceral disease, their effectiveness in patients with BMs remains insufficiently explored. The predictive and prognostic role of BM remains unclear, possibly influenced by niches and pathological bone loss hindering immune activation, affecting memory T and B lymphocytes, and cytotoxic T cell production. T-regs may play a role in balancing osteoclastic and osteoblastic activity, with potential immunosuppressive effects in the bone microenvironment (30). Limited data suggests that BMs may be associated with inferior PFS and OS during ICI treatment compared to other metastatic sites (13). Conversely, in an exploratory post hoc analysis of CheckMate 9ER study indica ted that patients with BMs experienced tumor regression with nivolumab plus cabozantinib compared to sunitinib, as did patients with other metastatic sites (31). Furthemore, subgroup analyses of the Checkmate 025 study showed a major improvement in ORR in patients with BMs treated with nivolumab compared to everolimus (26% vs. 6%, respectively) (32). However, the potential benefits of ICIs on BMs require further investigation.

Our study represents the first attempt to evaluate the prognostic significance of sodium levels in mRCC patients with BMs receiving nivolumab as a ≥2nd line therapy. We found that a pre-ICI sodium level ≥140 mEq/L correlated with significantly improved OS (p=0.04). Patients with sodium levels ≥140 mEq/L after treatment start as well as those with sodium levels ≥140 mEq/L at both pre- and post-ICI evaluation had longer PFS (p=0.05 and p<0.01, respectively) and OS (p<0.01) compared to patients with sodium levels <140 mEq/L. Notably, patients with sodium levels ≥140 mEq/L at the post-ICI evaluation and at both pre- and post-ICI evaluation displayed a better DCR (p=0.01 and p<0.01, respectively). These results align with our recent study, which demonstrated that lower sodium levels (<140 mEq/L) were associated with worse PFS and OS in mRCC patients receiving TKIs as first-line or nivolumab as second-line therapy (20, 21). It is important to note that higher baseline sodium levels do not significantly impact PFS in these patients. This may be due to the unique mechanisms of immunotherapy, including delayed response, atypical tumor responses (e.g., pseudo-progression), and establishment of long-lasting immune memory, may explain why improvements in OS are observed without immediate impacts on PFS. These factors underscore the complexity of assessing treatment efficacy and emphasize the importance of considering long-term benefits in outcome assessments.

Serum sodium levels are routinely measured but not clearly defined for prognostic proposes in mRCC. Nonetheless, previous evidence has linked hyponatremia with poor prognosis in various cancers, including RCC (14–16, 33, 34). Notably, Rinaldi et al., evaluated the prognostic impact of hyponatremia in NSCLC patients with BMs. They found that patients with BMs and hyponatremia had a mOS of 10.1 months versus 13.1 months for eunatremic patients with BMs, suggesting an important prognostic role of sodium level in the management these patients (35). Several causes of cancer-associated hyponatremia have been proposed (36–39), but the pathophysiology of hyponatremia is not yet fully understood.

Recent hypotheses suggest that upregulated sodium-transporting proteins my contribute to intracellular sodium accumulation in cancer cells, promoting invasiveness and poorer prognosis (22). Additionally, emerging evidence implicates sodium storage in immune system modulation, potentially influencing cancer treatment outcomes (23). In particular, the intake of sodium may potentially affect the activation state of the immune system by directly impacting T helper cell subtypes and innate immune cells in various tissues (23). Furthermore, it has been shown that an elevated consumption of sodium can alter the makeup of the intestinal microbiota, resulting in indirect impacts on immune cells (23). These discoveries suggest that sodium might have regulatory functions in several health conditions, including cardiovascular disease, inflammation, infection, autoimmunity, and could potentially even be relevant in the context of cancer treatment.

A recent post hoc analysis of the IMmotion151 and IMvigor 211 phase 3 clinical trials indicated that elevated baseline sodium levels are associated with a positive response to immunotherapy and improved outcomes in patients with mRCC and metastatic urothelial carcinoma receiving immunotherapy (40). Unlike other key serum electrolytes such as potassium, magnesium, and calcium, sodium alone shows a linear correlation with favorable prognosis during immunotherapy, suggesting a potentially beneficial role for increased sodium levels. Importantly, after adjusting for prognostic factors, elevated sodium levels did not improve prognosis in the comparator arms of the trials, which involved sunitinib and chemotherapy, respectively. This implies that the predictive value of baseline sodium may be specific to immunotherapy (40).

This study, in line with our previous findings (20, 21), underscores a potential correlation between elevated sodium levels and improved response to ICI in patients with RCC and BMs. These findings have the potential to enhance the management of mRCC patients. Overall, we can hypothesize that patients at low risk of developing hyponatremia before ICI treatment have a stronger likelihood of improved outcomes. Additionally, patients who maintain normal serum sodium levels after exposure to ICI tend to responde better. This raises the possibility of integrating serum sodium levels into patient risk assessments and may serve as an impetus to involve consultants, such as nephrologists, earlier, who can focus on managing natremia.

This research has various limitations, primarily due to its retrospective nature and the utilization of second-line therapy, which is no longer the standard of care, except in specific scenarios. Furthermore, the comprehensive assessment of patient comorbidities and their concurrent medications, particularly antihypertensive drugs, was omitted. Moreover, numerous factors, such as the circumstances at the time of sampling or prior nephrectomy, have the potential to impact the sodium levels in these individuals (37).

Notwithstanding these constraints, the study boasts several strengths, including participation from multiple healthcare centers, the inclusion of a substantial patient cohort, and the examination of natremia at both baseline and post-treatment initiation. Moreover, we recognized that further validation in an independent cohort could be necessary to confirm the utility of this biomarker in these patients. These findings will also be investigated in the ongoing prospective study Meet-URO 33 (41).





Conclusion

In summary, our investigation has unveiled that among RCC patients with BMs treated with nivolumab as a second-line therapy or beyond, the presence of a pre-ICI serum sodium level of ≥140 mEq/L is associated with extended OS compared to those with sodium levels <140 mEq/L. Furthermore, individuals who have sodium levels ≥140 mEq/L after starting treatment demonstrate superior PFS, OS, and DCR in contrast to those with levels <140 mEq/L. Additionally, patients consistently exhibiting sodium values ≥140 mEq/L both before and after ICI administration consistently display enhanced OS, PFS, and DCR relative to patients with sodium levels ≥140 mEq/L at either time point. Higher sodium levels may constitute a crucial factor linked to improved survival outcomes in RCC patients with BMs undergoing immunotherapy, implying its potential inclusion as an additional parameter in patients’ risk assessments. Further investigations are warranted to validate our findings.
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