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INTRODUCTION

Immune checkpoint inhibitors (ICIs) restore antitumor 

immune activity by blocking inhibitory pathways such as the 

programmed cell death protein 1 (PD-1)/programmed cell death 

ligand 1 (PD-L1) axis and cytotoxic T-lymphocyte–associated 

protein 4 (CTLA-4).1 Although ICIs have revolutionized therapy 

across several cancers, patient responses remain highly 

variable.2 Predictive markers, including PD-L1 expression 

and tumor mutation burden, have been evaluated, but they 

only partially explain this variability.3 Nonetheless,  these 
factors can account for only part of the heterogeneity among 
patients. The complex interplay of inherent and acquired 
factors collectively shapes the efficacy of immunotherapy (IO) 
for each patient.4 However, most proposed biomarkers are 
not practical in routine clinical practice because of cost, tissue 
requirements, and their inability to reflect dynamic tumor-
host interactions.5 Thus, the identification of new prognostic 
biomarkers remains crucial for distinguishing those patients 
most likely to benefit  from ICIs.

ABSTRACT

Objective: This study aimed to explore whether serum sodium concentrations could serve as a prognostic marker in patients with metastatic renal cell 
carcinoma (mRCC) and metastatic non-small cell lung cancer (mNSCLC) who were treated with nivolumab in the second-line setting.

Material and Methods: In this retrospective analysis, demographic, clinical, and pathological information on patients with mRCC or mNSCLC who were 
treated with second-line nivolumab was reviewed. Serum sodium levels were measured at baseline and at week 4 after treatment initiation, and survival 
outcomes were analyzed. The diagnostic impact of the sodium level was assessed with regression analyses.

Results: A total of 99 patients were included in the study: 18 with mRCC and 81 with mNSCLC. In mNSCLC, the median overall survival (mOS) for cohort 
members with pre-immune checkpoint inhibitors (ICI) sodium (Na) <140 (serum sodium measured within approximately 5 days of ICI initiation) was 6.5 
months, compared with 12.2 months for those with pre-ICI Na ≥140 (p=0.049). Among patients with mNSCLC, the mOS of patients with post-ICI Na <140 
(week-4 serum sodium values after ICI initiation) was 6.8 months, whereas that of patients with post-ICI Na ≥140 was 16.8 months (p=0.313). In mRCC, the 
median OS among patients with a pre-ICI Na <140 was 25.7 months, compared with 20.8 months for those with a pre-ICI Na ≥140 (p=0.514). In mRCC, the 
mOS of patients with post-ICI Na <140 was 12.7 months, whereas in those with post-ICI Na ≥140, the median was not reached (p=0.457). In multivariate 
Cox regression analysis, baseline serum sodium emerged as an independent predictor of OS in the mNSCLC cohort, underscoring its potential as a 
clinically relevant prognostic biomarker.

Conclusion: Baseline sodium levels appear to predict prognosis in mNSCLC, whereas this association was not evident in mRCC. In particular, pretreatment 
serum sodium demonstrated an independent relationship with OS in the mNSCLC cohort, suggesting its potential utility as a practical and inexpensive 
prognostic biomarker. More clinical studies are needed to understand the prognostic effects of sodium in patients receiving immunotherapy.
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Serum sodium has long been associated with outcomes in 
several conditions, including cancer.6 Low serum sodium has 
repeatedly been associated with poorer survival, particularly 
in lung and renal cancers.7,8 Significant evidence shows that 
the presence of hyponatremia adversely affects outcomes 
regardless of treatment modality or underlying disease; the 
prognostic effect of hyponatremia has been well established 
in patients treated with radiotherapy, chemotherapy, and 
targeted therapy.9 However, little data  exist from patients 
treated with ICIs regarding the impact of sodium on prognosis 
in patients receiving second-line nivolumab, a PD-1 inhibitor, 
for metastatic renal cell carcinoma (mRCC) and metastatic 
non-small cell lung cancer (mNSCLC).

In major studies of patients with mNSCLC (CheckMate 017 
and 057), nivolumab has been shown to provide an overall 
survival (OS) benefit regardless of tumor histology.10 Results 
from the CheckMate 025 study in mRCC have established 
nivolumab monotherapy as the standard treatment for 
patients progressing on antiangiogenic therapy since 
2015. Moreover, compared with everolimus, nivolumab 
demonstrated higher response rates, prolonged survival, and 
better patient-reported quality of life.11 

The effect of sodium state on cancer progression has been 
demonstrated in preclinical studies by impacting immune 
responses and it has been shown to have a potential role as  a 
biomarker of IO response.12,13 Emerging evidence suggests 
that patients with high sodium levels exhibit superior OS 
when treated with ICIs within a basket cohort.14 

The current analysis examined the prognostic relevance of 
sodium concentrations in patients diagnosed with mRCC or 
mNSCLC who had been treated with nivolumab following 
systemic therapy.

MATERIAL AND METHODS

The research protocol was reviewed and approved by the 
institutional ethics review board, and all activities were carried 
out in conformity with the ethical principles delineated by the 
responsible committee and with the most recent Declaration 
of Helsinki. Since this was a retrospective study, informed 
consent from the patients was not required, as determined by 
the Ankara Bilkent City Hospital Institutional Clinical Research 
Ethics Committee (decision number: TABED 1-25-1176, date: 
26.03.2025).

Patient Selection

We retrospectively identified adult patients (≥18 years) 
diagnosed with mRCC or mNSCLC who were treated with 
second-line nivolumab at the oncology outpatient clinics 
of two tertiary oncology centers in Türkiye between 1 

January 2018 and 1 June 2024. Patients without available 
sodium measurements at either time point (before or after 
nivolumab initiation) were excluded. Demographic, clinical, 
and pathological data  were retrospectively retrieved from 
patient charts and electronic medical records systems. 
Patients’ records were used to obtain serum sodium levels 
(mEq/L) at the  beginning of nivolumab treatment and 4 
weeks after treatment.

Evaluation of the Sodium Levels

The analysis included  pre-ICI sodium (Na) (serum sodium 
levels within about 5 days of ICI initiation) and post-ICI Na 
(week 4 values of serum sodium after ICI initiation). Baseline 
sodium values were obtained from routine laboratory results 
drawn within five days before the first nivolumab infusion, 
whereas post-treatment sodium values corresponded to the 
first control test performed during the fourth week (±3 days) 
after treatment initiation. All measurements were performed 
under fasting conditions using standardized institutional 
biochemical analyzers. Hyperglycemia can lead to dilutional 
hyponatremia due to movement of intracellular fluid  into the 
extracellular space. The evaluation of serum glucose levels 
with serum sodium levels simultaneously  in our patients 
was helpful in ruling out pseudohyponatremia. A value <140 
mEq/L was considered the cut-off for low serum sodium, 
and patients were stratified into two cohorts according 
to their sodium level (≥140 mEq/L  and <140 mEq/L). This 
threshold was adopted from prior IO cohorts in which 140 
mEq/L consistently delineated the prognostically favorable 
range of normonatremia, reflecting both clinical convention 
and previously validated cut-offs in nivolumab-treated 
populations.2,15-17

Outcome 

Our main endpoint was OS, defined as the time interval 
between nivolumab initiation and either death or the last 
follow-up visit.

Statistical Analysis

All analyses were performed using SPSS version 25.0 (IBM 
Corp., Armonk, NY, USA). Descriptive results for categorical 
variables were presented as frequencies and percentages. 
Continuous variables were summarized either as mean ± 
standard deviation or as median values with ranges, and 
their distribution was checked using the Shapiro-Wilk and 
Kolmogorov-Smirnov tests. Comparisons of categorical 
variables, such as sex, pathological subtype, PD-L1 status, 
metastatic sites, The Eastern Cooperative Oncology 
Group Performance Status (ECOG PS), comorbidities, and 
hyponatremic drug use, were performed using the chi-
square test or Fisher’s exact test, as appropriate. Continuous 
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variables, including age, were compared between groups 
using the independent samples t-test. Survival distributions 
were estimated using Kaplan-Meier curves, and intergroup 
comparisons were made with the log-rank test. Statistical 
significance was set at a two-sided p-value <0.05.

RESULTS

Altogether, 81 patients with mNSCLC and 18 with mRCC who 
had received nivolumab in the second-line setting fulfilled the 
eligibility requirements and were included in the analysis.  The 
median follow-up duration was 31.4 months [95% confidence 
interval (CI): 21.6-41.2] for mNSCLC and 21.4 months (95% CI: 
3.3-39.6) for mRCC.

Table 1 provides an overview of the baseline features of the 
mNSCLC patient cohort. The mean age at diagnosis was 65 
(±8) years, with a sex distribution of 11 (13.6%) females and 
70 (86.4%) males. Comorbidities were present in 54 (66.7%) 
patients. The most frequent conditions were pulmonary 
disorders, cardiovascular diseases (and hypertension), and 
metabolic conditions (diabetes mellitus). Within the study 
cohort, ECOG PS 1 was the predominant performance category. 

TABLE 1: Characteristics of the patients with metastatic non-
small cell lung cancer.

Mean 
(± SD)

n (%)
81 (100)

Age at diagnosis 65 (±8)

Sex
Female 11 (13.6)
Male 70 (86.4)

Comorbidities
No 27 (33.3)
Yes 54 (66.7)

COPD
No 70 (86.4)
Yes 11 (13.6)

CAD
No 59 (72.8)
Yes 22 (27.2)

HT
No 49 (60.5)

Yes 32 (39.5)

DM
No 59 (72.8)
Yes 22 (27.2)

Hypothyroidism
No 79 (97.5)
Yes 2 (2.5)

Other 
comorbidity

No 76 (93.8)

Yes 5 (6.2)

ECOG PS
1 71 (87.7)
2 10 (12.3)

Pathological 
subtype

NSCLC, NOS 8 (9.9)
NSCLC, 
adenocarcinoma 51 (63)

NSCLC, SCC 22 (27.2)

Hyponatremic 
drug

No 56 (69.1)
Yes 25 (30.9)

TABLE 1: Continued

Mean 
(± SD)

n (%)
81 (100)

Furosemide
No 80 (98.8)
Yes 1 (1.2)

Thiazide
No 64 (79)
Yes 17 (21)

Spironolactone
No 77 (95.1)
Yes 4 (4.9)

Levetiracetam
No 80 (98.8)
Yes 1 (1.2)

SSRI
No 76 (93.8)
Yes 5 (6.2)

Mirtazapine
No 80 (98.8)
Yes 1 (1.2)

Olanzapine
No 79 (97.5)
Yes 2 (2.5)

PD-L1 status

negative 30 (37)
1-49 30 (37)
>50 9 (11.1)
Unknown 12 (14.8)

Driver mutation 
status

Driver mutation not 
present 58 (71.6)

Unknown 7 (8.6) 
K-ras exon 2 1 (1.2)
Kit exon 9 1 (1.2)
K-ras, codon 12 5 (6.2)
K-ras G13D 1 (1.2)
Stk11 mutant 1 (1.2)
CDKN2A+2B loss and a 
K-ras G12D mutant 1 (1.2)

K-ras G13C mutant 1 (1.2)
Exon 20 mutant 2 (2.5)
K-ras codon 61, Q61X 
mutant 1 (1.2)

PIK3CA mutant 1 (1.2)
BRAF R671Q mutant 
(of uncertain 
significance)

1 (1.2)

Opposite lung 
metastasis

No 51 (63)
Yes 30 (37)

Bone metastasis
No 46 (56.8)
Yes 35 (43.2)

Brain metastasis
No 65 (80.2)
Yes 16 (19.8)

Liver metastases
No 67 (82.7)
Yes 14 (17.3)

Adrenal 
metastases

No 70 (86.4)
Yes 11 (13.6)

Metastatic 
elsewhere

No 44 (54.3)
Yes 37 (45.7)

COPD: Chronic obstructive pulmonary disease; CAD: Coronary arterial 
disease; HT: Hypertension; DM: Diabetes mellitus; ECOG PS: The eastern 
cooperative oncology group performance score; NSCLC: Non-small cell 
lung cancer; NOS: Not otherwise specified; SCC: Squamous cell carcinoma; 
SSRI: Selective serotonin reuptake inhibitors; SD: Standard deviation; PD-
L1: Programmed death-ligand 1.
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The pathological subtypes were NSCLC not otherwise 
specified (NOS) in 8 patients (9.9%), adenocarcinoma in 51 
patients (63%), and squamous cell carcinoma (SCC) in 22 
patients (27.2%). Twenty-five patients (30.9%) were taking 
medications associated with hyponatremia, including 
furosemide, thiazide diuretics, spironolactone, levetiracetam, 
selective serotonin reuptake inhibitors, mirtazapine, and 
olanzapine. The PD-L1 status was negative in 30 patients 
(37%), 1-49% positive in 30 patients (37%), greater than 50% 
positive in 9 patients (11.1%), and unknown in 12 patients 
(14.8%). The majority of the patients (71.6%) exhibited no 
detectable driver mutations. Metastatic spread was prevalent, 
with involvement of the contralateral lung, bone, brain, liver, 
adrenal glands, and other sites. Furthermore, brain metastases 
were identified in 16 patients (19.8%).

Table 2 presents the baseline characteristics of the mRCC 
cohort. Patients were diagnosed at a mean age of 59 (±8) 
years; the group consisted of 8 women (44.4%) and 10 men 
(55.6%). The majority of the patients (61.1%) had at least one 
comorbidity, with hypertension being the most prevalent 
(50%). ECOG PS 1 was observed in 72.2% of patients, and 
all patients exhibited clear-cell histology. The patients 
were stratified into three risk categories according to the 
IMDC risk score: intermediate-risk patients constituted the 
majority (14 patients, 77.8%), followed by poor-risk patients 
(3 patients, 16.7%) and favorable-risk patients (1 patient, 
5.6%). Nephrectomy was performed in 8 (44.4%) patients. The 
table also provides details on the use of hyponatremic drugs, 
thiazide diuretics, and levetiracetam, and on the presence of 
metastases in various sites.

Table 3 presents the clinical and treatment data for the patients 
with mNSCLC and mRCC. In the mNSCLC group, median pre-
ICI Na was 139 (128-145) mEq/L, and median post-ICI Na was 
139 (125-146) mEq/L. Common first-line treatments included 
carboplatin plus paclitaxel and cisplatin plus pemetrexed. 
Most patients experienced progression in the lungs and 
bones, while fewer patients experienced progression in the 
brain, liver, kidneys, or other sites. After receiving nivolumab 
as second-line therapy, 50 patients (61.7%) progressed, 26 
(32.1%) received one additional line of treatment, and 4 
developed hypothyroidisms. For the mRCC group, median 
pre-ICI Na was 140.5 mEq/L (range 133–145) and median 
post-ICI Na was 140 mEq/L (range 133-144). Sunitinib and 
pazopanib were common first-line therapies. The majority of 
patients had progression in the lungs and bones, while fewer 
experienced progression at other sites. Following second-line 
therapy, 11 patients (61.1%) experienced disease progression, 
and 4 patients (22.2%) received an additional line of therapy.

When patients were grouped according to sodium levels, 
no significant differences were observed in demographic or 

TABLE 2: Characteristics of the patients with metastatic renal cell 
cancer.

Mean (± SD)
n (%)
18 (100)

Age at diagnosis 59 (±8)

Sex
Female 8 (44.4)

Male 10 (55.6)

Comorbidities
No 7 (38.9)

Yes 11 (61.1)

COPD
No 17 (94.4)

Yes 1 (5.6)

CAD
No 16 (88.9)

Yes 2 (11.1)

HT
No 9 (50) 

Yes 9 (50)

DM
No 15 (83.3)

Yes 3 (16.7)

Hypothyroidism
No 16 (88.9)

Yes 2 (11.1)

ECOG PS
1 13 (72.2)

2 5 (27.8)

Pathological 
subtype clear cell 18 (100)

IMDC score

Favorable-risk 
group 1 (5.6)

Intermediate-
risk group 14 (77.8)

Poor-risk group 3 (16.7)

Nephrectomy
Yes 10 (55.6)

No 8 (44.4)

Hyponatremic 
drug

No 11 (61.1)

Yes 7 (38.9) 

Thiazide
No 14 (77.8)

Yes 4 (22.2)

Levetiracetam
No 14 (77.8)

Yes 4 (22.2)

Lung metastasis
No 3 (16.7)

Yes 15 (83.3)

Bone metastasis
No 11 (61.1)

Yes 7 (38.9)

Brain metastasis
No 15 (83.3)

Yes 3 (16.7)

Liver metastases
No 16 (88.9)

Yes 2 (11.1)

Adrenal 
metastases

No 17 (94.4)

Yes 1 (5.6)

Metastatic 
elsewhere

No 13 (72.2)

Yes 5 (27.8)

COPD: Chronic obstructive pulmonary disease; CAD: Coronary arterial 
disease; HT: Hypertension; DM: Diabetes mellitus; ECOG PS: The Eastern 
cooperative oncology group performance score; IMDC score: International 
metastatic RCC database consortium score; SD: Standard deviation.
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pathological characteristics, including age, sex, histological 
subtype, PD-L1 status, or comorbidities (p>0.05). Before 
IO (pre-ICI), patients with sodium levels <140 mmol/L had 
significantly fewer opposite-lung metastases than those 
with sodium levels ≥140 mmol/L (p=0.047). After treatment 

(post-ICI), brain metastases were significantly more common 
among patients with sodium levels <140 mmol/L (p=0.013). 
Neither other metastatic sites (bone, liver, adrenal gland, 
and other locations) nor ECOG performance status differed 
significantly between sodium groups (Table 4).

TABLE 3: Clinical and treatment data for patients with metastatic non-small cell lung cancer (mNSCLC) and metastatic renal cell 
carcinoma (mRCC).

mNSCLC mRCC

n (%)
81 (100)

Median 
(minimum-maximum)

n (%)
18 (100)

Median 
(minimum-maximum)

Pre-ICI Na 139 (128-145) 140.5 (133-145)

Post-ICI Na 139 (125-146) 140 (133-144)

GFR 90 (46-130) 72 (31-111)

First-line treatment

Carboplatin and 
paclitaxel 36 (44.4)

Cisplatin and 
pemetrexed 35 (43.3)

Pemetrexed 1 (1.2)

Cisplatin and 
gemcitabine 8 (9.8)

Vinorelbine 1 (1.2)

Sunitinib 8 (44.4)

Pazopanib 9 (50)

Cabozantinib 1 (5.6)

Lung progression
No 29 (35.8) 6 (33.3)

Yes 52 (64.2) 12 (66.7)

Bone progression
No 56 (69.1) 14 (77.8)

Yes 25 (30.9) 4 (22.2)

Brain progression
No 72 (88.9) 16 (88.9)

Yes 9 (11.1) 2 (11.1)

 Liver progression
No 64 (79) 16 (88.9)

Yes 17 (21) 2 (11.1)

Kidney progression
No 80 (98.8) 12 (66.7)

Yes 1 (1.2) 6 (33.3)

Other progression
No 58 (71.6) 12 (66.7)

Yes 23 (28.4) 6 (33.3)

Second-line treatment Nivolumab 81 (100) 18 (100)

Second-line progression
No 31 (38.3) 7 (38.9)

Yes 50 (61.7) 11 (61.1)

Treatment lines after 
nivolumab

0 47 (58) 11 (61.1)

1 26 (32.1) 4 (22.2)

2 5 (6.2) 2 (11.1)

3 3 (3.7) 1 (5.6)

Side effects after 
immunotherapy

No 77 (95.1) 18 (100)

Hypothyroidism 4 (4.9) 0

mNSCLC: Metastatic non-small cell lung cancer; mRCC: Metastatic renal cell carcinoma; pre-ICI Na: Serum sodium levels within about 5 days of immune checkpoint 
inhibitor initiation; post-ICI Na: Week 4 values of serum sodium after ICI initiation; GFR: Glomerular filtration rate; ICI: Immune checkpoint inhibitor.



Sodium and Prognosis in mRCC/mNSCLC on Nivolumab

﻿

In the univariate analysis, ECOG performance status (p=0.042) 

and pre-ICI sodium levels (p=0.049) were found to be 

significantly associated with OS. Patients with ECOG PS ≥1 

had worse survival than those with ECOG PS 0. Similarly, 

patients with pre-ICI sodium levels ≥140 mmol/L showed 

better survival outcomes than those with lower sodium 

levels. In the multivariate analysis, pre-ICI sodium remained 

a significant independent predictor of OS (p=0.047), while 

ECOG PS lost statistical significance. Other clinical parameters, 
including age, sex, pathological subtype, metastatic sites, 
comorbidities, and PD-L1 status, were not significantly 
correlated with survival (Table 5).

The median OS (mOS) for the patients diagnosed with 
mNSCLC was as follows: the NOS subtype, 7.6 (95% CI: 5.3-
9.9) months; the adenocarcinoma subtype, 6.8 (95% CI: 2.2-
11.4) months; and the SCC subtype, 12.2 (95% CI: 6-12.4) 

TABLE 4: Baseline clinical and pathological features of patients with metastatic non-small cell lung cancer stratified by serum sodium level 
(<140 vs ≥140 mEq/L).

Pre-ICI Na Post-ICI Na

<140 ≥140 <140 ≥140

Mean  
(± SD) n (%) Mean  

(± SD) n (%) p-value Mean 
(± SD) n (%)

Mean  
(± 
SD)

n (%) p-value

Age at diagnosis 64 (±9) 67 (±7) 0.132 64 (±8) 68 
(±7) 0.060

Sex
Female 5 (11.4) 6 (16.2)

0.537
6 (11.5) 5 (17.2)

0.473
Male 39 (88.6) 31 (83.8) 46 (88.5) 24 (82.8)

Pathological 
subtype

NSCLC, NOS 6(13.6) 2 (5.4)

0.447

3 (5.8) 5 (17.2)

0.125NSCLC, 
adenocarcinoma  26 (59.1) 25 (67.6) 32 (61.5) 19 (65.5)

NSCLC, SCC 12 (27.3) 10 (27) 17 (32.7) 5 (17.2)

PD-L1 status

Negative 17 (38.6) 13 (35.1)

0.421

18 (34.6) 12 (41.4)

0.486
1-49 17 (38.6) 13 (35.1) 19 (36.5) 11 (37.9)

>50 6 (13.6) 3 (8.1) 5 (9.6) 4 (13.8)

Unknown 4 (9.1) 8 (21.6) 10 (19.2) 2 (6.9)

Opposite lung 
metastasis

No 32 (72.7) 19 (51.4)
0.047*

32 (61.5) 19 (65.5)
0.722

Yes  12 (27.3) 18 (48.6) 20 (38.5) 10 (34.5)

Bone 
metastasis

No 23 (52.3) 23 (62.2)
0.371

29 (55.8) 17 (58.6)
0.804

Yes 21 (47.7) 14 (37.8) 23 (44.2) 12 (41.4)

Brain 
metastasis

No 36 (81.8) 29 (78.4)
0.699

46 (88.5) 19 (65.5)
0.013*

Yes 8 (18.2) 8 (21.6) 6 (11.5) 10 (34.5)

Liver 
metastases

No 34 (77.3) 33 (89.2)
0.239

46 (88.5) 21 (72.4)
0.067

Yes 10 (22.7) 4 (10.8)  6 (11.5) 8 (27.6)

Surrenal 
metastases 

No 36 (81.8) 34 (91.9)
0.214

45 (86.5) 25 (86.2)
0.967

Yes 8 (18.2) 3 (8.1) 7 (13.5) 4 (13.8)

Metastatic 
elsewhere

No 21 (47.7) 23 (62.2)
0.326

26 (50) 18 (62.1)
0.296

Yes 23 (52.3) 14 (37.8) 26 (50) 11 (37.9)

ECOG PS
1 38 (86.4) 33 (89.2)

0.748
46 (88.5) 25 (86.2)

0.740
2 6 (13.6) 4 (10.8) 6 (11.5) 4 (13.8)

Comorbidities
No 17 (38.6) 10 (27)

0.656
18 (34.6) 9 (31)

0.840
Yes 27 (61.4) 27 (73) 34 (65.4) 20 (69)

Hyponatremic 
drug

No 27 (61.4) 29 (78.4)
0.099

38 (73.1) 18 (62.1)
0.304

Yes 17 (38.6) 8 (21.6) 14 (26.9) 11 (37.9)

ICI: Immune checkpoint inhibitor; Na: Sodium; NSCLC: Non-small cell lung cancer; mNSCLC: Metastatic non-small cell lung cancer; mRCC: Metastatic renal cell 
carcinoma; PD-L1: Programmed death-ligand 1; SCC: Squamous cell carcinoma; ECOG PS: Eastern cooperative oncology group performance status; OS: Overall 
survival; CI: Confidence interval; SD: Standard deviation; NOS: Not otherwise specified.
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months (p=0.442) (Figure 1). Among patients with mNSCLC, 
the mOS was considerably lower among those with pre-ICI 
serum Na <140 (6.5 months, 95% CI: 5.3-7.6) than among 
those with pre-ICI Na ≥140 (12.2 months, 95% CI: 5.5-18.9). 
This difference was statistically significant (p=0.049; Figure 
2A). Among patients with mNSCLC, those with post-ICI Na 
<140 had a mOS of 6.8 months, whereas those with post-ICI 
Na ≥140 had a mOS of 16.8 months. Although the difference 
was not statistically significant (p=0.313), it was numerically 
meaningful (Figure 2B).

The mOS among patients with clear-cell mRCC was 20.8 
months (Figure 3). In mRCC, the mOS for patients with pre-ICI 
Na <140 was 25.7 months (95% CI: 0.6-51.9), compared with 
20.8 months (95% CI: 0.6-41) for patients with pre-ICI Na ≥140 
(p=0.514; Figure 4A). In mRCC (Figure 4B), The mOS of patients 
with post-ICI Na <140 was 12.7 months, while the median for 
those with post-ICI Na ≥140 was not reached (p=0.457). 

TABLE 5: Univariate and multivariate Cox regression analyses for OS in patients with metastatic non–small cell lung cancer (mNSCLC).

Variables
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age at diagnosis 0.98 (0.95-1.01) 0.434

Female
Female 1

0.426
Male 0.75 (0.38-1.49)

Pathological subtype

NSCLC, NOS 1

0.447NSCLC, adenocarcinoma 0.85 (0.36-2.03)

NSCLC, SCC 0.61 (0.23-1.58)

PD-L1 status

Negative 1

0.491
1-49 1.01 (0.56-1.79)

>50 0.48 (0.18-1.28)

Unknown 0.87 (0.41-1.85)

Opposite lung 
metastasis

No 1
0.869

Yes 1.04 (0.62-1.75)

Bone metastasis
No 1

0.060
Yes 1.61 (0.98-2.67)

Brain metastasis
No 1

0.437
Yes 1.27 (0.68-2.36)

Liver metastases
No 1

0.969
Yes 0.98 (0.51-1.89)

Surrenal metastases 
No 1

0.697
Yes 1.15 (0.56-2.34)

Metastatic elsewhere
No 1

0.921
Yes 1.02 (0.62-1.68)

ECOG PS
N0 1

0.042*
N1 2.09 (1.02-4.21)

Comorbidities
No 1

0.143
Yes 0.67 (0.40-1.14)

Hyponatremic drug
No 1

0.193
Yes 0.67 (0.37-1.21)

Pre-ICI Na
<140 1

0.049*
1

0.047*
≥140 0.60 (0.36-1.00) 0.87 (0.96-2.54)

Post-ICI Na
<140 1

0.315
≥140 0.76 (0.45-1.29)

OS: Overall survival; OR: Odds ratio; CI: Confidence interval; PD-L1: Programmed death-ligand 1; ECOG PS: Eastern cooperative oncology group performance 
status; ICI: Immune checkpoint inhibitor; NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma; Na: Sodium; NOS: Not otherwise specified.
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DISCUSSION

Across various solid tumors, including NSCLC and RCC, 
hyponatremia has consistently been associated with poorer 
outcomes.9,18 A correlation has been observed between 
hyponatremia and a poorer prognosis in patients with mRCC 
and mNSCLC who are receiving tyrosine kinase inhibitors 
and cytotoxic chemotherapy.19,20 The aim of our study was to 
assess the prognostic value of sodium in patients with mRCC 
and mNSCLC receiving nivolumab as second-line treatment. 

In summary, patients with mNSCLC who presented with 
higher pretreatment sodium levels experienced markedly 
longer OS, whereas this association was not statistically 
significant in the smaller mRCC cohort, likely because of 
limited statistical power. According to the multivariate Cox 
regression model, pretreatment serum sodium emerged 
as an independent determinant of OS among patients with 
mNSCLC receiving nivolumab, even after controlling for 
ECOG PS, PD-L1 expression, comorbidities, and metastatic 
distribution. Posttreatment sodium elevation was associated 
with a favorable, though not statistically significant, trend 
toward improved survival among mNSCLC cases.

Based on these results, lower pretreatment sodium levels 
were associated with shorter OS in patients with mNSCLC . The 
data suggest a trend toward improved OS among mNSCLC 
patients with higher post-treatment sodium levels following 
IO; however, this finding requires further validation to 
establish statistical significance and to clarify the underlying 
mechanisms. In contrast, pre-treatment and post-treatment 

sodium levels were not significantly associated with survival 
in mRCC. These findings should not be interpreted as 
evidence of a causal relationship. Rather, low serum sodium 
likely reflects an underlying constellation of disease burden, 
systemic inflammation, and impaired nutritional status, all of 
which may contribute to inferior outcomes independent of 
response to IO.6,21,22

Our findings are broadly consistent with those of Catalano 
et al.8 and Fucà et al.17, who independently reported that 
maintaining normal serum sodium (≥140 mEq/L) predicts 
improved survival in patients receiving ICIs. In the multicenter 
study by Catalano et al.8, sodium normalization at baseline 
and at week four correlated with longer OS, whereas in our 

FIGURE 1: Kaplan-Meier overall survival curve for all patients with 
metastatic non–small cell lung cancer (mNSCLC) receiving second-
line nivolumab. The median OS was 9.7 months (95% CI 5.8-13.6), 
(p=0.442).

OS: Overall survival; mNSCLC: Metastatic non-small cell lung cancer; CI: 
Confidence interval; SCC: Squamous cell carcinoma; NOS: Not otherwise 
specified.

FIGURE 2: Kaplan-Meier survival analysis according to serum 
sodium level before (A) and after (B) initiation of immune 
checkpoint inhibitor (ICI) therapy in patients with mNSCLC. 
(A) Pre-ICI Na <140 mEq/L: median OS 6.5 months (95% CI: 5.3-7.6); 
Pre-ICI Na ≥140 mEq/L: 12.2 months (95% CI: 5.5-18.9); p=0.049. 
(B) Post-ICI Na <140 mEq/L: 6.8 months; Post-ICI Na ≥140 mEq/L: 
16.8 months; p=0.313.

mNSCLC: Metastatic non-small cell lung cancer; CI: Confidence interval

A

B
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smaller mRCC subgroup, statistical significance was not 
achieved, likely owing to limited sample size. These consistent 
observations support the growing view that sodium levels 
may reflect host condition and immune competence rather 
than serve as a direct determinant of treatment efficacy.

Biologically, serum sodium may act as a proxy for the host’s 
metabolic and immune balance. Experimental work suggests 
that sodium supports antitumor immunity by enhancing 
T-cell activation and promoting M1 macrophage polarization, 
whereas hyponatremia favors an immunosuppressive 
environment. These observations align with previous 
mechanistic studies highlighting sodium’s role as an indirect 
marker of immune competence rather than a direct effector 
of ICI response.23-25

Fucà et al. found that hyponatremia was associated with 
a lower survival benefit in mNSCLC patients receiving IO 
therapy.17 In a study including 88 patients with mNSCLC who 
received first-line pembrolizumab or atezolizumab treatment, 
they found that baseline serum sodium values above 140 
mEq/L were correlated with longer OS compared with values 
below 140 mEq/L.15 In mRCC patients receiving nivolumab as 
part of an IO regimen as second- or later-line therapy, those 
exhibiting a sodium value below 140 both prior to treatment 
and 4 weeks after treatment had a poorer OS.8 In the present 
study, it was established that pretreatment sodium levels 
can be a significant prognostic factor for OS in patients 
with mNSCLC. While post-treatment sodium levels did not 
prove to be a significant independent prognostic factor in 
mNSCLC patients, they showed a numerical association. In 
contrast to the findings of previous studies, pretreatment 

and posttreatment sodium levels in mRCC patients did not 
demonstrate significant independent prognostic value. This 
may be attributable to the limited number of mRCC patients. 
﻿Given the small number of patients, the mRCC subgroup 
analysis should be regarded as exploratory and hypothesis-
generating rather than confirmatory. Because the number of 
mRCC participants was limited, the subgroup analysis lacked 
adequate statistical power, precluding definitive conclusions 
about the prognostic influence of serum sodium in this 
cohort.

Secondary analyses of the phase 3 trials IMmotion151 and 
IMvigor211 showed that patients with higher baseline serum 

FIGURE 3: Kaplan-Meier overall survival (OS) curve for patients with 
metastatic RCC treated with second-line nivolumab. The median 
OS for the overall cohort was 20.8 months (95% CI: 0.6-41.0).

RCC: Renal cell carcinoma; CI: Confidence interval.

FIGURE 4: Kaplan-Meier survival analysis according to serum 
sodium level before (A) and after (B) initiation of ICI therapy in 
patients with mRCC. (A) Pre-ICI Na <140 mEq/L: median OS 25.7 
months (95% CI: 0.6-51.9); Pre-ICI Na ≥140 mEq/L: 20.8 months 
(95% CI: 0.6-41.0); p=0.514. (B) Post-ICI Na <140 mEq/L: 12.7 
months; post-ICI Na ≥140 mEq/L: median not reached; p=0.457.

ICI: Immune checkpoint inhibitor; CI: Confidence interval; OS: Overall 
survival; mRCC: Metastatic renal cell carcinoma; Na: Sodium.
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sodium levels had improved survival and responses to ICI 
therapy. Unlike other important serum electrolytes, such as 
calcium, magnesium, and potassium, sodium was the only 
one associated with a favorable prognosis in IO, implying 
a positive effect of elevated sodium levels. However, after 
adjustment for prognostic factors, high sodium values were 
not associated with better prognosis in comparison arms of 
studies, namely sunitinib and chemotherapy, respectively.16 

This suggests that the relationship between basal sodium and 
prediction may be limited to IO.

Study Limitations

The main limitations are its retrospective nature and small 
mRCC cohort. Additionally, the underlying mechanisms by 
which sodium levels may influence the efficacy of IO were 
not examined, and further research is needed to elucidate 
the specific pathways involved. Furthermore, there was no 
assessment of the impact of sodium supplementation or 
other interventions to maintain optimal sodium homeostasis 
on the outcomes of IO. Additionally, potential confounding 
effects from unmeasured factors-such as nutritional 
status, systemic inflammation, and disease burden-cannot 
be entirely excluded and may partially account for the 
observed association between serum sodium and survival. 
As the analysis relied on routine clinical data rather than 
prescheduled protocol assessments, a small degree of 
variation in the timing of sodium measurements may have 
occurred. Consequently, an element of measurement-related 
or immortal-time bias cannot be completely excluded, 
although all samples were taken within a narrow and clinically 
consistent window. Taken together, our findings strengthen 
the growing body of evidence that serum sodium serves as 
a simple and cost-effective prognostic marker in patients 
treated with ICIs. Further prospective research, particularly in 
the underpowered mRCC subgroup, is warranted to validate 
these associations and better define their clinical applicability.

CONCLUSION

Among patients with mNSCLC, our findings suggest that 
lower pretreatment sodium levels are associated with poorer 
OS. Conversely, in mRCC, pretreatment and posttreatment 
sodium levels did not significantly impact survival, potentially 
due to the small patient cohort size. Importantly, we 
examined mRCC and mNSCLC patients receiving second-
line nivolumab, providing further evidence of the predictive 
value of pre-treatment sodium levels, particularly in the 
mNSCLC population. These results underline the prognostic 
significance of pretreatment sodium levels in mNSCLC 
patients receiving second-line nivolumab, supporting its 
potential as a valuable biomarker for clinical applications in 
this context.

Moreover, our findings demonstrated that pretreatment 
serum sodium concentration was an independent predictor 
of OS in the mNSCLC cohort, emphasizing its potential clinical 
utility as an accessible, low-cost prognostic biomarker in the 
context of IO.

Ethics

Ethics Committee Approval: The approved by the Ankara 
Bilkent City Hospital Institutional Clinical Research Ethics 
Committee (decision number: TABED 1-25-1176, date: 
26.03.2025).

Informed Consent: Retrospective study.

Footnotes

Authorship Contributions

Surgical and Medical Practices: İ.S., S.A.E., İ.K., Concept: İ.S., 
D.U., Design: İ.S., D.U., Data Collection or Processing: İ.S., S.A.E., 
İ.K., Analysis or Interpretation: İ.S., D.U., Literature Search: Ş.Y., 
Writing: İ.S., E.A., Ö.B.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

REFERENCES
1.	 Pardoll DM. The blockade of immune checkpoints in cancer 

immunotherapy. Nat Rev Cancer. 2012;12(4):252-264. [Crossref ] 
[PubMed] [PMC]

2.	 Karaoğlan BB, Yekedüz E, Yazgan SC, et al. Impact of low 
sodium values on survival outcomes of patients with cancer 
receiving immune checkpoint inhibitors. Immunotherapy. 
2024;16(12):821-828. [Crossref ] [PubMed] [PMC]

3.	 Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology. 
Mutational landscape determines sensitivity to PD-1 blockade 
in non-small cell lung cancer. Science. 2015;348(6230):124-128. 
[Crossref ] [PubMed] [PMC]

4.	 Shi T, Ma Y, Yu L, et al. Cancer immunotherapy: a focus on the 
regulation of immune checkpoints. Int J Mol Sci. 2018;19(5):1389. 
[Crossref ] [PubMed] [PMC]

5.	 Bai R, Lv Z, Xu D, Cui J. Predictive biomarkers for cancer 
immunotherapy with immune checkpoint inhibitors. Biomark 
Res. 2020;8:34. [Crossref ] [PubMed] [PMC]

6.	 Bartalis E, Gergics M, Tinusz B, et al. Prevalence and prognostic 
significance of hyponatremia in patients with lung cancer: 
systematic review and meta-analysis. Front Med (Lausanne). 
2021;8:671951. [Crossref ] [PubMed] [PMC]

7.	 Catalano M, Rebuzzi SE, Maruzzo M, et al. Sodium levels 
and immunotherapy efficacy in mRCC patients with bone 
metastases: sub analysis of Meet-Uro 15 study. Front Immunol. 
2024;15:1361010. [Crossref ] [PubMed] [PMC]

8.	 Catalano M, Rebuzzi SE, Maruzzo M, et al. Sodium levels and 
outcomes in patients with metastatic renal cell carcinoma 
receiving nivolumab. JAMA Netw Open. 2023;6(11):e2345185. 
[Crossref ] [PubMed] [PMC]

http://doi.org/10.1038/nrc3239
https://pubmed.ncbi.nlm.nih.gov/22437870
https://pmc.ncbi.nlm.nih.gov/articles/PMC4856023
http://doi.org/10.1080/1750743X.2024.2370231
https://pubmed.ncbi.nlm.nih.gov/39016058
https://pmc.ncbi.nlm.nih.gov/articles/PMC11457628
http://doi.org/10.1126/science.aaa1348
https://pubmed.ncbi.nlm.nih.gov/25765070
https://pmc.ncbi.nlm.nih.gov/articles/PMC4993154
http://doi.org/10.3390/ijms19051389
https://pubmed.ncbi.nlm.nih.gov/29735917
https://pmc.ncbi.nlm.nih.gov/articles/PMC5983802
http://doi.org/10.1186/s40364-020-00209-0
https://pubmed.ncbi.nlm.nih.gov/32864131
https://pmc.ncbi.nlm.nih.gov/articles/PMC7450548
http://doi.org/10.3389/fmed.2021.671951
https://pubmed.ncbi.nlm.nih.gov/34950676
https://pmc.ncbi.nlm.nih.gov/articles/PMC8688712
http://doi.org/10.3389/fimmu.2024.1361010
https://pubmed.ncbi.nlm.nih.gov/39034992
https://pmc.ncbi.nlm.nih.gov/articles/PMC11257879
http://doi.org/10.1001/jamanetworkopen.2023.45185
https://pubmed.ncbi.nlm.nih.gov/38010650
https://pmc.ncbi.nlm.nih.gov/articles/PMC10682835


Seven et al. 

﻿

9.	 Sandfeld-Paulsen B, Aggerholm-Pedersen N, Winther-Larsen 
A. Hyponatremia as a prognostic factor in non-small cell lung 
cancer: a systematic review and meta-analysis. Transl Lung 
Cancer Res. 2021;10(2):651-661. [Crossref ] [PubMed] [PMC]

10.	 Borghaei H, Gettinger S, Vokes EE, et al. Five-year outcomes 
from the randomized, phase III trials checkmate 017 and 057: 
nivolumab versus docetaxel in previously treated non-small-cell 
lung cancer. J Clin Oncol. 2021;39(7):723-733. Erratum in: J Clin 
Oncol. 2021;39(10):1190. [Crossref ] [PubMed] [PMC]

11.	 Motzer RJ, Escudier B, McDermott DF, et al; CheckMate 025 
Investigators. Nivolumab versus everolimus in advanced renal-
cell carcinoma. N Engl J Med. 2015;373(19):1803-1813. [Crossref ] 
[PubMed] [PMC]

12.	 Müller DN, Wilck N, Haase S, Kleinewietfeld M, Linker RA. Sodium 
in the microenvironment regulates immune responses and tissue 
homeostasis. Nat Rev Immunol. 2019;19(4):243-254. [Crossref ] 
[PubMed] 

13.	 Mao W, Zhang J, Körner H, Jiang Y, Ying S. The emerging role of 
voltage-gated sodium channels in tumor biology. Front Oncol. 
2019;9:124. [Crossref ] [PubMed] [PMC]

14.	 Sahin TK, Guven DC, Durukan M, et al. The association between 
blood sodium levels and survival in patients treated with immune 
checkpoint inhibitors. Expert Rev Mol Diagn. 2025;25(4):129-137. 
[Crossref ] [PubMed] 

15.	 Catalano M, Fancelli S, Caliman E, et al. Impact of natremia on 
metastatic non small cell lung cancer patients receiving immune 
checkpoint inhibitors. Sci Rep. 2024;14(1):29655. [Crossref ] 
[PubMed] [PMC]

16.	 Klümper N, Cox A, Eckstein M, et al. High serum sodium predicts 
immunotherapy response in metastatic renal cell and urothelial 
carcinoma. Eur J Cancer. 2024;204:114089. [Crossref ] [PubMed] 

17.	 Fucà G, Galli G, Poggi M, et al. Low baseline serum sodium 
concentration is associated with poor clinical outcomes in 
metastatic non-small cell lung cancer patients treated with 

immunotherapy. Target Oncol. 2018;13(6):795-800. [Crossref ] 
[PubMed]

18.	 Vasudev NS, Brown JE, Brown SR, et al. Prognostic factors in renal 
cell carcinoma: association of preoperative sodium concentration 
with survival. Clin Cancer Res. 2008;14(6):1775-1781. [Crossref ] 
[PubMed] 

19.	 Jeppesen AN, Jensen HK, Donskov F, Marcussen N, von der 
Maase H. Hyponatremia as a prognostic and predictive factor in 
metastatic renal cell carcinoma. Br J Cancer. 2010;102(5):867-872. 
[Crossref ] [PubMed] [PMC]

20.	 Berardi R, Santoni M, Newsom-Davis T, et al. Hyponatremia 
normalization as an independent prognostic factor in patients 
with advanced non-small cell lung cancer treated with first-
line therapy. Oncotarget. 2017;8(14):23871-23879. [Crossref ] 
[PubMed] [PMC]

21.	 Gupta D, Lis CG. Pretreatment serum albumin as a predictor 
of cancer survival: a systematic review of the epidemiological 
literature. Nutr J. 2010;9:69. [Crossref ] [PubMed] [PMC]

22.	 Arends J, Bachmann P, Baracos V, et al. ESPEN guidelines on 
nutrition in cancer patients. Clin Nutr. 2017 Feb;36(1):11-48. 
[Crossref ] [PubMed] 

23.	 Compan V, Baroja-Mazo A, López-Castejón G, et al. Cell volume 
regulation modulates NLRP3 inflammasome activation. 
Immunity. 2012;37(3):487-500. [Crossref ] [PubMed] 

24.	 Kim JH, Park JH, Eisenhut M, Yu JW, Shin JI. Inflammasome 
activation by cell volume regulation and inflammation-
associated hyponatremia: a vicious cycle. Med Hypotheses. 
2016;93:117-121. [Crossref ] [PubMed] 

25.	 Hucke S, Eschborn M, Liebmann M, et al. Sodium chloride 
promotes pro-inflammatory macrophage polarization thereby 
aggravating CNS autoimmunity. J Autoimmun. 2016;67:90-101. 
[Crossref ] [PubMed]

http://doi.org/10.21037/tlcr-20-877
https://pubmed.ncbi.nlm.nih.gov/33718011
https://pmc.ncbi.nlm.nih.gov/articles/PMC7947424
http://doi.org/10.1200/JCO.20.01605
https://pubmed.ncbi.nlm.nih.gov/33449799
https://pmc.ncbi.nlm.nih.gov/articles/PMC8078445
http://doi.org/10.1056/NEJMoa1510665
https://pubmed.ncbi.nlm.nih.gov/26406148
https://pmc.ncbi.nlm.nih.gov/articles/PMC5719487
http://doi.org/10.1038/s41577-018-0113-4
https://pubmed.ncbi.nlm.nih.gov/30644452
http://doi.org/10.3389/fonc.2019.00124
https://pubmed.ncbi.nlm.nih.gov/30895169
https://pmc.ncbi.nlm.nih.gov/articles/PMC6414428
http://doi.org/10.1080/14737159.2025.2472946
https://pubmed.ncbi.nlm.nih.gov/40007200
http://doi.org/10.1038/s41598-024-81458-z
https://pubmed.ncbi.nlm.nih.gov/39609621
https://pmc.ncbi.nlm.nih.gov/articles/PMC11604652
http://doi.org/10.1016/j.ejca.2024.114089
https://pubmed.ncbi.nlm.nih.gov/38703618
http://doi.org/10.1007/s11523-018-0599-5
https://pubmed.ncbi.nlm.nih.gov/30306460
http://doi.org/10.1158/1078-0432.CCR-07-1721
https://pubmed.ncbi.nlm.nih.gov/18347179
http://doi.org/10.1038/sj.bjc.6605563
https://pubmed.ncbi.nlm.nih.gov/20145619
https://pmc.ncbi.nlm.nih.gov/articles/PMC2833254
http://doi.org/10.18632/oncotarget.13372
https://pubmed.ncbi.nlm.nih.gov/27863417
https://pmc.ncbi.nlm.nih.gov/articles/PMC5410351
http://doi.org/10.1186/1475-2891-9-69
https://pubmed.ncbi.nlm.nih.gov/21176210
https://pmc.ncbi.nlm.nih.gov/articles/PMC3019132
http://doi.org/10.1016/j.clnu.2016.07.015
https://pubmed.ncbi.nlm.nih.gov/27637832
http://doi.org/10.1016/j.immuni.2012.06.013
https://pubmed.ncbi.nlm.nih.gov/22981536
http://doi.org/10.1016/j.mehy.2016.05.018
https://pubmed.ncbi.nlm.nih.gov/27372869
http://doi.org/10.1016/j.jaut.2015.11.001
https://pubmed.ncbi.nlm.nih.gov/26584738

