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The role of eosinophils in patients with cancer receiving systemic therapy based on immune checkpoint 
inhibitors (ICIs) has become a subject of increasing interest. The aim of the present study was to assess 
the prognostic role of absolute eosinophil count (AEC) and neutrophil-to-eosinophil ratio (NER) in 
patients with metastatic renal cell carcinoma (mRCC) receiving nivolumab. The associations of AEC and 
NER at baseline and their relative changes (Δ) after one month of nivolumab therapy with progression-
free survival (PFS), overall survival (OS), and objective response rate (ORR) were analyzed. In total, 
458 patients were included. Baseline AEC ≥ 70 cells/µL (PFS: HR: 0.663, p = 0.009; OS: HR: 0.583, 
p = 0.002), AEC one month after nivolumab initiation ≥ 70 cells/µL (PFS: HR: 0.544, p = 0.001; OS: HR: 
0.331, p < 0.001) and NER < 65 one month after nivolumab initiation (PFS: HR: 0.552, p < 0.001; OS: 
HR: 0.326, p < 0.001) was associated with superior PFS and OS, and baseline NER < 65 was associated 
with superior OS (HR: 0.664, p = 0.014). Regarding early dynamics, ΔNER ≥ 125% was associated with 
inferior PFS (HR: 1.950, p = 0.001) and OS (HR: 2.680, p < 0.001), and ΔAEC <-30% was associated with 
inferior OS (HR: 2.132, p < 0.001). Higher ORR was associated with baseline AEC ≥ 70 cells/µL (p = 0.048), 
baseline NER < 65 (p = 0.010); and NER one month after nivolumab initiation < 65 (p = 0.025). The results 
of the present study suggest that eosinophil-based blood parameters including AEC and NER and their 
early dynamics during the course of treatment with nivolumab are promising and readily available 
prognostic biomarkers in patients with mRCC.
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The landscape of systemic therapies for metastatic renal cell carcinoma (mRCC) has expanded substantially 
in recent years. However, mRCC remains a formidable malignancy, characterized by its aggressive nature and 
uncertain long-term prognosis, necessitating novel treatment approaches. Immune checkpoint inhibitors (ICIs), 
based on monoclonal antibodies targeting Programmed cell death protein 1 (PD-1) or its ligand (PD-L1), have 
been established as the cornerstone of systemic therapy for mRCC. Initially, one decade ago, a randomized 
phase III study demonstrated a survival benefit for nivolumab, an anti- PD-1 monoclonal antibody, in patients 
with mRCC refractory to at least one line of antiangiogenic tyrosine kinase inhibitor (TKI). Compared to 
everolimus, nivolumab led to a clinically meaningful improvement in terms of overall survival (OS), objective 
response rate (ORR) and health-related quality of life1. Subsequently, combination immunotherapy regimens 
have emerged and become the standard of care for the frontline treatment of most patients with mRCC2,3. 
Numerous combination immunotherapy regimens have been registered and are currently available for the first-
line, including nivolumab + ipilimumab, nivolumab + cabozantinib, pembrolizumab + lenvatinib, avelumab + 
axitinib, and pembrolizumab + axitinib4–8.

With regard to the use of nivolumab in mRCC, it spans a variety of clinical settings - from combination 
regimens in the first-line setting to monotherapy in the second- or third-line setting following TKIs. While ICIs 
have revolutionized the systemic treatment of mRCC, a comprehensive understanding of mechanism of action 
remains crucial across all clinical aspects. In particular the search for prognostic and predictive biomarkers 
continues to be a major focus in the field of current urology oncology. Circulating immune cells, which can 
be easily assessed in the peripheral blood samples as a part of routine care, have recently become a subject of 
increasing interest. Eosinophils are granulocytic leukocytes traditionally associated with allergic responses and 
parasitic infections. Recent research, however, has highlighted eosinophil involvement in cancer, where they 
may play dual roles depending on the specific context. Tumor-associated eosinophils (TAEs) can contribute 
to anti-tumor immunity by releasing cytotoxic granules, such as Major basic protein (MBP) and eosinophil 
peroxidase, producing cytokines like IL-2 and IFN-γ, and promoting the recruitment of CD8⁺ T cells and 
dendritic cells9,10. Conversely, in certain settings, eosinophils may facilitate tumor progression by promoting 
angiogenesis, extracellular matrix remodeling, or immune suppression through IL-10 or TGF-β secretion11,12. 
The functional impact of eosinophils in cancer appears to be highly context-dependent, varying by cancer type, 
factors associated with tumor microenvironment (TME), and disease stage, making them a subject of growing 
interest in cancer immunology13. Notably, there is growing evidence suggesting a prognostic role of peripheral 
eosinophil-based parameters in patients with various malignancies receiving immunotherapy9.

The aim of the present retrospective study was to assess the prognostic role of absolute eosinophil count 
(AEC) and neutrophil-to-eosinophil ratio (NER) at baseline and their early dynamics in patients with mRCC 
receiving nivolumab as second or further line of systemic therapy.

Patients and methods
Study design
Clinical data from patients with mRCC who received nivolumab monotherapy in the second or higher line 
between 2013 and 2025 were retrospectively reviewed and data from whole peripheral blood counts performed 
at baseline and one month after nivolumab treatment initiation were analyzed. The aim of the present study was 
to evaluate the association of AEC and NER at baseline, one month after nivolumab treatment initiation, and 
their relative change between baseline and after one month of treatment (ΔAEC, ΔNER) with patient outcomes 
including progression-free survival (PFS), OS and ORR.

The present analysis used data from seven cancer centers in the Czech Republic and three cancer centers in 
the Slovak Republic. Clinical data were obtained from the Renal Cell Carcinoma Information System II (RENIS 
II) registry (http://renis.registry.cz), which has been described previously. Data on eosinophil-based parameters 
were extracted from the hospital information systems and merged to the registry data. The RENIS II registry and 
the use of registry data for analysis were approved on October 28, 2019 (nr. 201928/52/MOU), by the Multicentre 
Ethics Committee of the Masaryk Memorial Cancer Institute in Brno, Czech Republic. An informed consent was 
signed by all the patients included in the study.

Patients and treatment
Nivolumab was administered intravenously as a single agent using one of the standard approved schedules 
(240 mg every two weeks or 480 mg every four weeks). The treatment was continued until disease progression, 
unacceptable toxicity, or patient refusal. None of the patients had received prior ICI therapy.

Outcome assessment
The follow-up visits including physical examination and routine laboratory tests were performed every two to 
four weeks, and computed tomography (CT) was performed every three to four months during the treatment. 
The objective response was assessed locally using Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 in terms of: complete response (CR), partial response (PR), stable disease (SD) and progressive 
disease (PD); objective response rate (ORR) was calculated as a sum of patients achieving CR or PR14.

Statistical analysis
Common descriptive statistics and observation frequencies were used to characterize the patient cohort. PFS has 
been calculated as the interval between treatment initiation and the documented progression or death. OS has 
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been defined from treatment initiation until death, regardless of its cause. Patients without records of progression 
or death were censored at the date of their last follow-up. PFS and OS were estimated using the Kaplan-Meier 
method (with linear interpolation to particular calculation points), along with 95% confidence intervals. The 
median follow-up duration was determined with the inverse Kaplan-Meier method. The relative changes were 
calculated by dividing the absolute changes by the initial (baseline) values and expressed in percent (in case of 
zero initial value, the relative change was set to a fixed limit of 6300%). The associations of AEC and NER with 
PFS and OS were assessed by means of univariable Cox proportional hazards model.

To identify optimal dichotomization thresholds for AEC, NER, and their early relative changes (ΔAEC 
and ΔNER), we used a semi-empirical approach based on stratified Cox-Mantel p-values plotted against all 
possible thresholds. Thresholds were selected to provide maximal separation of low- and high-risk groups across 
both PFS and OS outcomes, with preference for values that performed consistently across both endpoints. The 
following cut-off values were selected: AEC ≥ 70 cells/µL, NER < 65, ΔAEC <–30%, and ΔNER ≥ 125%. These 
thresholds were derived post hoc and should be considered exploratory, as no prior external validation exists in 
the mRCC setting.

A multivariable Cox proportional hazards model was then used to assess the independence of AEC levels 
and NER values on other potential prognostic clinical factors. The associations of AEC levels and NER values 
with ORR were analyzed by means of the Fisher’s exact test. The level of statistical significance was set at α = 0.05, 
and all p-values and confidence intervals reported in the study are two-tailed. Statistical analysis was performed 
using Statistica (Version 10Cz; StatSoft, Inc., TuIsa, OK, USA) and MATLAB (R2021a, The MathWorks Inc., 
Natick, MA, USA).

Results
Patient characteristics
The study cohort included 458 mRCC patients receiving nivolumab monotherapy as the second or higher line of 
systemic therapy. The baseline patient characteristics are summarized in Table 1.

Survival outcomes
At the time of data analysis, 338 (73.8%) patients progressed on nivolumab, 274 (59.8%) patients died, and the 
median follow-up time was 34.4 months. Median PFS and OS for the whole cohort were 8.3 months (95% CI 
6.9–10.1) and 23.8 months (95% CI 20.7–28.6), respectively.

PFS and OS outcomes were significantly superior in patients with AEC ≥ 70 cells/µL at baseline (9.7 [95% 
CI 7.7–11.0] vs. 4.8 [95% CI 3.9–5.8] months, p = 0.004 and 26.4 [95% CI 22.3–32.5] vs. 14.4 [95% CI 8.2–20.8] 
months, p = 0.001, respectively), AEC one month after nivolumab initiation ≥ 70 cells/µL (9.9 [95% CI 7.9–11.3] 
vs. 5.1 [95% CI 3.4–7.3] months, p = 0.002 and 28.6 [95% CI 24.6–33.0] vs. 10.1 [95% CI 5.5–15.5] months, 
p < 0.001, respectively), baseline NER < 65 (10.1 [95% CI 8.1–11.3] vs. 4.8 [95% CI 3.5–5.4] months, p < 0.001 
and 26.6 [95% CI 23.0–33.0] vs. 12.8 [95% CI 7.9–20.5] months, p < 0.001, respectively) and NER one month 
after nivolumab initiation < 65 (10.2 [95% CI 8.5–11.8] vs. 4.4 [95% CI 3.4–5.8] months, p < 0.001 and 29.7 [95% 
CI 25.5–33.8] vs. 8.1 [95% CI 5.3–13.1] months, p < 0.001, respectively). Regarding the early dynamics of the 
eosinophil-based parameters, PFS and OS outcomes were significantly inferior in patients with ΔAEC <−30% 
(7.5 [95% CI 4.8–8.8] vs. 9.6 [95% CI 7.4–11.1] months, p = 0.044 and 13.1 [95% CI 6.7–23.7] vs. 28.1 [95% 
CI 21.8–32.6] months, p < 0.001, respectively) and patients with ΔNER ≥ 125% (4.3 [95% CI 3.4–6.3] vs. 9.7 
[95% CI 8.0–11.3] months, p < 0.001 and 11.7 [95% CI 5.2–15.5] vs. 26.3 [95% CI 22.5–31.9] months, p = 0.001, 
respectively). The Kaplan-Meier estimates of patient survival are shown in Figs. 1 and 2. Complete survival data 
for the specified subgroups are shown in Supplementary Table 1 S.

The multivariable Cox proportional hazards models included age, gender, synchronous metastatic disease, 
grade, line of therapy, International Metastatic RCC Database Consortium (IMDC) risk group, bone metastases, 
Eastern Cooperative Oncology Group performance status (ECOG PS), and the assessed eosinophil-based 
parameter. The results of the multivariable Cox proportional hazards models regarding the assessed eosinophil-
based parameters are summarized in Table 2 (see Supplementary Table 2 S for detailed results of the multivariable 
Cox models performed for each eosinophil-based parameter separately). In the multivariable Cox proportional 
hazards models (performed for each eosinophil-based parameter separately), baseline AEC ≥ 70 cells/µL (PFS: 
HR: 0.663 [95%CI 0.487–0.901], p = 0.009; OS: HR: 0.583 [95%CI 0.413–0.823], p = 0.002), AEC one month after 
nivolumab initiation ≥ 70 cells/µL (PFS: HR: 0.544 [95%CI 0.382–0.776], p = 0.001; OS: HR: 0.331 [95%CI 0.227–
0.485], p < 0.001), and NER one month after nivolumab initiation < 65 (PFS: HR: 0.552 [95%CI 0.402–0.757], 
p < 0.001; OS: HR: 0.326 [95%CI 0.230–0.463], p < 0.001) remained an independent significant factors associated 
with superior PFS and OS, and baseline NER < 65 remained an independent significant factor associated 
with superior OS (HR: 0.664 [95%CI 0.478–0.922], p = 0.014) but not PFS (HR: 0.750 [95%CI 0.558–1.009], 
p = 0.058). Furthermore, the multivariable Cox proportional hazards models show that ΔNER ≥ 125% remained 
an independent significant factor associated with inferior PFS (HR: 1.950 [95%CI 1.319–2.882], p = 0.001) and 
OS (HR: 2.680 [95%CI 1.735–4.140], p < 0.001), and ΔAEC <−30% remained an independent significant factor 
associated with inferior OS (HR: 2.132 [95%CI 1.447–3.145], p < 0.001).

When baseline characteristics were stratified by eosinophil- and NER-related parameters, patients with lower 
AEC and higher NER values at baseline and at one month, as well as those with decreasing AEC or increasing 
NER during treatment, were significantly more likely to have adverse prognostic features. In particular, these 
patients more frequently presented with poorer ECOG performance status (p-values 0.002 to < 0.001) and 
higher IMDC risk categories (p-values 0.006 to < 0.001, with a nonsignificant trend for ΔAEC, p = 0.086). Similar 
associations were observed for prior nephrectomy and the presence of synchronous metastases. Full results are 
provided in Supplementary Table S3.
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Characteristic (n = 458) n (%)

Sex

Male 337 (73.6%)

Female 121 (26.4%)

Age at nivolumab initiation (years)

Median (range) 67.3 (30.4–87.9)

ECOG PS

0 134 (31.3%)

1 265 (61.9%)

2 29 (6.8%)

Unknown 30

Histology

Clear cell carcinoma 426 (93.2%)

Other 31 (6.8%)

Unknown 1

Primary tumor grade

G1-2 173 (45.2%)

G3-4 210 (54.8%)

Unknown 75

IMDC risk group

Favorable-risk group 124 (29.2%)

Intermediate-risk group 244 (57.4%)

Poor 57 (13.4%)

Unknown 33

Synchronous metastases

Yes 172 (40.0%)

No 258 (60.0%)

Unknown 28

Line of systemic therapy

Second 287 (62.7%)

Third or higher 171 (37.3%)

Previous nephrectomy

Yes 376 (82.1%)

No 82 (18.4%)

Bone metastases

Yes 87 (19.0%)

No 371 (81.0%)

AEC at baseline

Median (range) 130 (0–4300) cells/µL

≥ 70 cells/Μl 364 (80.0%)

< 70 cells/Μl 91 (20.0%)

Unknown 3

AEC one month after nivolumab initiation

Median (range) 180 (0–5100) cells/µL

≥ 70 cells/Μl 364 (84.8%)

< 70 cells/µL 65 (15.2%)

Unknown 29

NER at baseline

Median (range) 31.1 (1.33–1777)

≥ 65 101 (22.2%)

< 65 354 (77.8%)

Unknown 3

NER one month after nivolumab initiation

Median (range) 27.3 (0.89–1000)

≥ 65 82 (19.2%)

< 65 345 (80.8%)

Unknown 31

Continued
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Objective response rate
ORR was 32.3% for patients with baseline AEC ≥ 70 cells/µL vs. 20.0% for patients with < 70 cells/µL (p = 0.048); 
33.2% for patients with baseline NER < 65 vs. 18.1% for patients with ≥ 65 (p = 0.010); 33.0% for patients with 
NER one month after nivolumab initiation < 65 vs. 18.8% for patients with ≥ 65 (p = 0.025) (Fig. 3). No significant 
associations with ORR were found when the patients were stratified according to AEC one month after nivolumab 
initiation (p = 0.099), ΔAEC (p = 0.404), and ΔNER (p = 0.453).

Discussion
Eosinophils play a multifaceted role in cancer, exhibiting both pro- and anti-tumorigenic activities depending 
on the cancer type, TME and specific signaling pathways involved9. They contribute to anti-tumor immunity 
by promoting cytotoxic T cell recruitment, modulating macrophage activity, and releasing granules with 
tumoricidal properties. However, under certain conditions, they may promote angiogenesis or suppress effective 
immune responses. As a result, eosinophils have become a focus of increasing interest in cancer research. 
Notably, eosinophils have emerged as promising candidates for cellular prognostic and predictive biomarkers 
and even as potential effector cells in cancer therapy15–18. The results of the present study demonstrate that AEC 
and NER assessed at baseline and one month after nivolumab initiation, as well as their relative change after one 
month of the treatment (ΔAEC and ΔNER) are associated with outcome in patients with mRCC.

Recently, several studies have suggested an association between eosinophil-based parameters in peripheral 
blood, including AEC and NER, and outcome in patients with various malignancies, especially in those treated 
with ICIs. However, available data are limited and equivocal. Thus, the prognostic and/or predictive role of 
eosinophil-based peripheral blood parameters remains poorly understood. Higher baseline AEC has been 
positively correlated with response and survival in patients with advanced melanoma treated with ipilimumab 
or pembrolizumab, patients with Hodgkin’s lymphoma receiving nivolumab, patients with non-small cell lung 
cancer treated with ICIs, and patients with advanced urothelial carcinoma treated with ICIs19–23. In particular, 
data on the prognostic role of baseline AEC for mRCC are limited and inconclusive. Giommoni et al. reported 
an association between high baseline AEC and higher ORR (p = 0.003) in 168 patients with various cancers, 
including 43 (26.0%) cases of mRCC24. This is in agreement with the results of the present study. On the other 
hand, Herrmann et al. did not find correlation between baseline AEC and response to nivolumab in a small 
retrospective study including 65 patients25. However, the interpretation of the negative results of this study is 
difficult because of a small number of patients. Other studies focusing on eosinophil-based blood parameters 
in mRCC did not report results specifically for baseline AEC values. The findings derived from experimental 
studies provide mechanistic evidence that eosinophils, as effector cells, play an active role in the antitumor 
response induced by ICI treatment26,27. Eosinophils are closely involved in regulating macrophage polarization 
and promoting the recruitment of CD8 + T lymphocytes28,29. There has been accumulating evidence suggesting 
that an early increase of AEC following ICI treatment initiation is associated with improved patient outcomes in 
various malignancies30. Notably, the data in mRCC are currently only available from a few retrospective studies 
with relatively small patient cohorts. Yoshimura et al. reported significantly longer PFS and OS for patients with 
high AEC compared to those with low AEC assessed one month after nivolumab initiation (p = 0.03 and p = 
0.009, respectively) in a retrospective study including 83 mRCC patients receiving nivolumab in the second or 
further line of systemic therapy31. Similarly, a Dutch registry-based retrospective study including 264 patients 
showed that an increase in AEC by week 8 predicted improved OS (p = 0.003) and PFS (p < 0.001)32. These 
findings are in agreement with the present results.

Combined peripheral blood cellular biomarkers, such as neutrophil-to-lymphocyte ratio (NLR) or platelet-
to-lymphocyte ratio (PLR), have been proposed to predict therapeutic response and prognosis in cancer patients 
treated with ICIs33–35. In the scope of eosinophil-based biomarkers, NER has recently appeared to be a promising 
predictive blood cellular biomarker in mRCC. In a retrospective study including 110 mRCC patients treated 
with nivolumab plus ipilimumab, PFS (HR: 0.50, p < 0.01) and OS (HR: 0.31, p < 0.01) were significantly longer 
and also the ORR (40% vs. 21.8%, p = 0.04) was higher in patients with higher baseline NER36. The study was 

Characteristic (n = 458) n (%)

ΔAEC

Median (range) 25.0 (−98.4–6300) %

≥−30% 367 (86.2%)

<−30% 59 (13.8%)

Unknown 32

ΔNER

Median (range) −7.2 (−97.3–6300) %

< 125%≥125% 43 (10.1%)

< 125% 381 (89.9%)

Unknown 34

Table 1.  Baseline clinical and pathological characteristics. ECOG PS - Eastern Cooperative Oncology Group 
performance status; IMDC - International Metastatic RCC Database Consortium; AEC - absolute eosinophil 
count; NER - neutrophil-to-eosinophil ratio.
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subsequently expanded to include 150 mRCC patients and was complemented by analyzing NER dynamics 
after 6 weeks of treatment. This analysis showed that decreased NER > 50% was associated with improved PFS 
(adjusted HR: 0.55, p = 0.03) and OS (adjusted HR: 0.37, p = 0.02)37. Although the analysis of NER dynamics 
in the present study was performed to identify patients at high risk of progression or death, the results are 
similar and show that an increase in NER ≥ 125% has a strong negative impact on PFS and OS. An important 

Fig. 1.  Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS) according to the 
baseline absolute eosinophil count (AEC) (a, b), AEC one after nivolumab initiation (c, d), and relative change 
of AEC (ΔAEC) after one month of nivolumab therapy (e, f).
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study recently conducted by Tucker et al. focused on the association between baseline NER and outcomes of 
mRCC patients enrolled in the randomized phase 3 clinical trial, JAVELIN Renal 101, comparing avelumab 
plus axitinib with sunitinib in the first-line setting38. The results of this post hoc exploratory analysis suggest 
that baseline NER may serve as a prognostic biomarker for OS in mRCC patients, regardless of the treatment 
regimen. However, the analyses of potential differences in treatment effects with avelumab plus axitinib versus 

Fig. 2.  Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS) according to the 
baseline neutrophil-to-eosinophil ratio (NER) (a, b), NER one month after nivolumab initiation (c, d), and 
relative change of NER after one month of nivolumab therapy (ΔNER) (e, f).
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sunitinib according to the NER value remained inconclusive. Similarly, Yildrim et al. suggested that low baseline 
NER is associated with improved PFS (HR: 0.67, p = 0.003) and OS (HR: 0.63, p = 0.004) in a retrospective study 
including 401 mRCC patients treated with ICIs in a routine clinical setting39.

The present study has several limitations and strengths. The principal limitations arise from the retrospective 
design and the lack of prospective control.

There was no centralized review of radiological imaging, and peripheral blood cell counts were obtained 
from different certified laboratories. Furthermore, the use of nivolumab monotherapy following the failure of 
TKIs reflects historical practice; while this approach was standard at the time of patient inclusion, most current 
mRCC patients now receive first-line combination regimens. Therefore, the generalizability of our findings to 
modern treatment paradigms may be limited. The cut-off values for AEC, NER, and their early dynamics were 
selected based on a semi-empirical approach maximizing statistical separation by scanning across the p-values 
resulting from stratifications based upon all possible thresholds. While these thresholds have not been previously 
validated and should be considered exploratory, they were selected to optimize prognostic discrimination 
across both PFS and OS outcomes and to remain clinically interpretable. Furthermore, we acknowledge that 
the AEC ≥ 70 cells/µL threshold identified a large proportion of patients as “high AEC”, which may limit its 
clinical discrimination. However, this cut-off was chosen to optimize separation of survival outcomes rather 
than to balance subgroup sizes. Our intention was to identify a subgroup of patients at increased risk, and the 
selected threshold demonstrated a consistent prognostic value across analyses. Similar thresholds have been 
used in other ICI-treated populations, but they were determined post hoc and should be considered exploratory, 
as no external validation has yet been performed. The absence of an independent validation cohort represents 
a limitation. Further prospective studies are necessary to confirm the robustness and clinical utility of these 
thresholds. In addition, eosinophil counts may be affected by a variety of non-tumor-related factors, including 
infections, allergic conditions, and the use of systemic corticosteroids. While our multivariable models adjusted 
for known clinical parameters, the retrospective nature of the study precluded systematic documentation of 
all relevant confounders, such as concomitant medications or transient inflammatory states. This limitation 
may have influenced the observed associations and underscores the need for more granular data collection in 
future prospective validation efforts. In addition, stratified analyses showed that unfavorable eosinophil- and 
NER-related profiles (low AEC, high NER, decreasing AEC, or increasing NER) were associated with adverse 
baseline characteristics, including poorer ECOG performance status and higher IMDC risk categories. These 
correlations support the biological plausibility of eosinophil-based markers, but also raise the possibility of 
collinearity with established prognostic models. Importantly, in multivariable Cox analyses including IMDC 
and other available covariates, eosinophil- and NER-based parameters retained their prognostic significance, 
supporting their potential independence from established risk factors. Nevertheless, residual confounding 
cannot be excluded given the retrospective nature of the study, underscoring the need for prospective validation 
to determine the independent prognostic value of these parameters. Furthermore, we acknowledge that our 
cohort reflects a historical treatment setting, in which nivolumab was used as monotherapy following TKI 
failure, whereas current guidelines increasingly favor ICI-based combination therapies in the first-line setting. 

Parameter

PFS OS

Category HR (95% CI) p-value HR (95% CI) p-value

AEC at baseline

< 70 cells/µL 1
0.009

1
0.002

≥ 70 cells/µL 0.663 (0.487–0.901) 0.583 (0.413–0.823)

AEC one month after nivolumab initiation

< 70 cells/µL 1
0.001

1
< 0.001

≥70 cells/µL 0.544 (0.382–0.776) 0.331 (0.227–0.485)

NER at baseline

≥ 65 1
0.058

1
0.014

< 65 0.750 (0.558–1.009) 0.664 (0.478–0.922)

NER one month after nivolumab initiation

≥ 65 1
< 0.001

1
< 0.001

<65 0.552 (0.402–0.757) 0.326 (0.230–0.463)

ΔAEC

≥−30% 1
0.136

1
< 0.001

<−30% 1.309 (0.918–1.866) 2.132 (1.447–3.145)

ΔNER

< 125% 1
0.001

1
< 0.001

≥ 125% 1.950 (1.319–2.882) 2.680 (1.735–4.140)

Table 2.  Summary of the results of multivariable Cox analyzes (performed separately for each parameter; see 
Table 2S for detailed results). PFS – progression-free survival; OS – overall survival; HR – hazard ratio; CI – 
confidential interval; AEC - absolute eosinophil - neutrophil-to-eosinophil ratio. Statistically significant results 
are shown in bold.
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This temporal shift in treatment paradigms may limit the direct applicability of our findings to today’s practice. 
Nevertheless, the immune-related mechanisms reflected by eosinophil dynamics may remain relevant across 
different ICI-based strategies. Therefore, our results contribute valuable biological insights into the prognostic 
potential of eosinophil-based parameters, especially in the context of immune activation and early treatment 
response. While prospective validation in modern treatment settings will be essential, the present study offers a 
large, homogeneous, real-world cohort uniquely suited to exploring these immune biomarkers.

Despite these limitations, the present study remains highly relevant and reliable, as it examines eosinophil-
based blood parameters in a large and well-defined cohort of patients with mRCC who underwent immunotherapy 
with nivolumab. Although eosinophil-related biomarkers have been studied in other types of cancer, evidence 
specific to metastatic renal cell carcinoma (mRCC) is limited. Most previous studies either included small mRCC 
subgroups or mixed tumor cohorts, limiting their interpretability for this patient population. To our knowledge, 
the present study is one of the largest single-cohort studies focusing exclusively on mRCC patients treated with 
nivolumab monotherapy. Moreover, the simultaneous assessment of both baseline values and early dynamics 
of AEC and NER adds an important temporal dimension that may help elucidate early immune responses 
associated with clinical outcomes. While the IMDC model remains the standard prognostic framework in 
mRCC, it is static and does not reflect early immune dynamics. The present study results suggest that ΔNER, 
in particular, may serve as a strong and accessible dynamic biomarker of early treatment response. Eosinophil-
based parameters are readily available, inexpensive, and routinely monitored. If validated prospectively, their 
early dynamics, particularly ΔNER, could support clinical decision-making by identifying patients at risk of 
early progression and potentially complement established risk models such as IMDC. However, we acknowledge 
that the clinical applicability of these markers is not yet established. Given the retrospective nature of our study 
and the exploratory cut-offs used, our findings should be viewed as hypothesis-generating. Future prospective 
validation in larger cohorts will be essential to confirm the utility and robustness of AEC and NER dynamics as 
potential prognostic adjuncts.

Conclusions
The results of the present study suggest that eosinophil-based blood parameters including AEC and NER 
assessed at baseline and their early dynamics during the course of treatment with nivolumab are promising and 
readily available prognostic biomarkers in patients with mRCC. Further research is warranted to clarify the role 

Fig. 3.  Comparison of overall response rate (complete remission (CR) or partial remission (PR)) according to 
baseline absolute eosinophil count (AEC) (a), relative change of AEC after one month of nivolumab therapy 
(ΔAEC) (b), baseline neutrophil-to-eosinophil ratio (NER) (c), and NER after one month of nivolumab 
therapy (d).
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of eosinophils in cancer, particularly the role of eosinophil-based blood parameters in the outcome of cancer 
patients treated with immunotherapy.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to patient data 
security but are available from the corresponding author on reasonable request.

Code Availability
Not applicable’ for that section.
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