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Introduction: Pretreatment hemoglobin and neutrophil levels were previously
reported to be important indicators for predicting the effectiveness of ipilimumab
plus nivolumab (IPI + NIVO) therapy for renal cell carcinoma (RCC). Therefore,
we aimed to validate this in a large external cohort.

Methods: In total, 172 patients with RCC who underwent IPI + NIVO treatment at
a multicenter setting were divided into three groups according to their
pretreatment hemoglobin and neutrophil levels (group 1: non-anemia; group
2: anemia and low-neutrophil; and group 3: anemia and high-neutrophil).

Results: Group 1 showed better survival than groups 2 and 3 (overall survival: 52.3
vs. 21.4 vs. 9.4 months, respectively; progression-free survival: 12.1 vs. 7.0 vs. 3.4
months, respectively).

Discussion: In this large cohort, we validated our earlier observation that
hemoglobin and neutrophil levels can be reliable predictors of the
effectiveness of IPI + NIVO in advanced RCC. Thus, our approach may aid in
selecting the optimal first-line therapy for RCC.
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1 Introduction

Immune checkpoint inhibitor (ICI) combination therapies and
ICI plus vascular endothelial growth factor (VEGF)-targeted
therapy are recommended as standard primary treatments for
advanced renal cell carcinoma (RCC) by the National
Comprehensive Cancer Network guidelines (1-5). Among these
therapies, ipilimumab plus nivolumab (IPI + NIVO) is one of the
essential treatments for intermediate and patients with poor-risk
RCC, as classified by the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC). From a long-term
analysis (60 months) in a large clinical trial, the median overall
survival (mOS) and median progression-free survival (mPFS) were
demonstrated to be 55.7 and 12.3 months, respectively (1).

In RCC, eligibility for treatment selection is determined using
the IMDC risk classification (6). In practice, IPI + NIVO has been
approved in Japan as the primary treatment for advanced RCC
classified as intermediate or poor-risk. Although the IMDC risk
classification was reported in the era of VEGEF-targeted
monotherapy, it may be a valuable predictive marker for ICI
therapy, as previous studies have reported that it reflects the
clinical outcomes of IPI + NIVO therapy (7). In addition, studies
on biomarkers for predicting clinical outcomes are actively being
conducted (8, 9). However, validated biomarkers have yet to be
identified in the real world.

Our previous report showed that the IMDC risk classification
plays a vital role in predicting the effectiveness of IPI + NIVO
treatment. Furthermore, we identified hemoglobin and neutrophil
levels as the most crucial factors in predicting the clinical outcome
of IMDC risk classification (7). However, because our previous
study had a limited number of participants and a short observation
period, we investigated this observation using a larger
external cohort.

2 Methods
2.1 Study design and treatment

This multicenter retrospective research study included 172
patients who underwent IPI + NIVO (ipilimumab at 1 mg/kg and
nivolumab at 240 mg/kg every 3 weeks) treatment between October
2015 and February 2023. All patients were followed up until death
or loss of contact. We examined hemoglobin and neutrophil levels
after blood sampling before the first course of ICI treatment. OS was
defined as the period from treatment to death or the last follow-up.
Response Evaluation Criteria in Solid Tumors, version 1.1., was
used to evaluate the treatment response to IPI + NIVO therapy.
Immune-related adverse events (irAEs) were defined as symptoms
suspected of resulting from immune dysregulation based on blood
sampling and clinical assessment. IrAEs were graded according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 5.0.
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2.2 Statistical analyses

Statistical analyses were performed using EZR for R software
(10). Fisher’s exact test was used to calculate the categorial valuables
in patient characteristics. Overall survival (OS) and progression-free
survival (PFS) were statistically compared using the Kaplan-Meier
and log-rank tests. Univariate and multivariate Cox regression
analyses were applied to investigate the critical factors for OS and
PES. The P-value for statistical significance was set at < 0.05.

3 Results
3.1 Patient characteristics

Supplementary Table 1 summarizes the patient characteristics.
Patients were divided into three groups according to the
pretreatment hemoglobin and neutrophil levels: non-anemia
group (group 1: hemoglobin > 12 g/dL; n = 87; 50.6%), anemia
and low-neutrophil group (group 2: hemoglobin < 12 g/dL and
neutrophil count < 7,000/pL; n = 67; 39.0%), and anemia and high-
neutrophil group (group 3: hemoglobin < 12 g/dL and neutrophil
count > 7,000/uL; n = 18; 10.4%). The proportions of age,
histological subtype, bone metastasis, liver metastasis, lung
metastasis, number of courses, response to IPI + NIVO, > grade 3
of irAEs, and patients who discontinued due to irAEs did not differ
among the three groups. Patient characteristics, such as sex, IMDC
risk group, sarcomatoid change, other metastatic sites, and any
grade of irAEs, were significantly different among the three groups.
The median follow-up period was 19.9 months (range: 0.5-85.7).

3.2 Survival outcomes

The mOS and mPES for patients with intermediate-risk were
significantly longer than those with poor-risk (OS: 47.2 vs. 23.9
months; PES: 8.8 vs. 5.3 months; P < 0.05; Figures 1A, B). The mOS
in group 1 was significantly longer than in groups 2 and 3 (52.3 vs.
21.4 vs. 9.4 months, respectively; P < 0.05; Figure 1C). Similar to the
OS result, the mPFS in group 1 was significantly longer than that in
groups 2 and 3 (12.1 vs. 7.0 vs. 3.4 months, respectively; P < 0.05;
Figure 1D). The absence of anemia was an independent factor that
lowered the risk of disease progression in the univariate [P < 0.05;
hazard ratio (HR), 0.62; 95% confidence interval (CI), 0.41-0.95]
and multivariate (P < 0.05; HR, 0.60; 95% CI, 0.37-0.97) Cox
regression analyses (Table 1). Consistently, the absence of anemia
was a factor for indicating improved OS in both the univariate (P <
0.05; HR, 0.38; 95% CI, 0.23-0.61) and multivariate (P < 0.05; HR,
0.31; 95% CI, 0.17-0.56) Cox regression analyses (Supplementary
Table 2). Although the univariate Cox regression analyses did not
show that anemia and a low neutrophil count increased the risk for
disease progression (P = 0.19; HR, 1.32; 95% CI, 0.86-2.03), anemia
and a high neutrophil count did tend to increase the risk for disease
progression (P = 0.09; HR, 1.67; 95% CI, 0.91-3.08; Table 1).
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FIGURE 1

Survival outcomes. (A—D) Kaplan—Meier survival curves for (A) overall survival (intermediate-risk: n = 95; poor-risk: n = 75); (B) progression-free
survival (intermediate-risk: n = 95; poor-risk: n = 75); (C) overall survival (non-anemia (group 1): n = 87; anemia and low-neutrophil (group 2): n =
67; anemia and high-neutrophil (group 3): n = 18; and (D) progression-free survival among three groups. (A—D) Log-rank test. IMDC, International
Metastatic Renal Cell Carcinoma Database Consortium; OS, overall survival; PFS, progression-free survival.

4 Discussion

In this study, we validated the pretreatment hemoglobin and
neutrophil levels as biomarkers to analyze the clinical effectiveness
of IPI + NIVO therapy for RCC. We used an external cohort with
more participants, and the observation period was longer than that
of our previous study (7). Consistent with our previous findings, the
mOS and mPFS were best for group 1 and worst for group 3
(Figures 1C, D, Table 1; Supplementary Table 2). Moreover, group 1
had a lower risk of disease progression and poorer survival than the
other factors of IMDC classification, as per the multivariate Cox
regression analysis results (Table 1; Supplementary Table 2).

A large European cancer anemia survey found that
approximately 70% of patients with cancer had anemia (11). There
are various factors that cause anemia, such as tumor extension into
bone marrow, chemotherapy, and deficiency of iron, vitamin, and
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erythropoietin (12). As anemia causes poor performance status,
quality of life, and prognosis, it is a crucial prognostic indicator for
various cancers (11, 13, 14). Several reports have also demonstrated
that anemia is related to poor prognosis in patients with RCC. For
example, hemoglobin levels were closely related to survival in patients
who received tyrosine kinase inhibitors (15). Furthermore, 41.6% of
patients who registered in the CheckMate 214 trial had anemia before
treatment, and a univariate analysis showed that anemia significantly
increased the risk of poor OS (16). Consistent with our previous studies
(7, 15, 16), 49.4% of patients in the current study had anemia before
treatment (Supplementary Table 1), and group 1 was associated with
better OS and PFS (Figures 1C, D, Table 1; Supplementary Table 2).
The results of the current study, taken together with previous studies,
suggest that anemia is a crucial factor for predicting survival.
Neutrophil levels are also associated with RCC prognosis.
Patients with RCC with a neutrophil-to-lymphocyte ratio (NLR)
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TABLE 1 Univariate and multivariate Cox regression analysis of factors predicting progression free survival.

Univariate Multivariate
95% ClI 95% ClI

Age: 265 years 0.98 0.64-1.51 0.94 0.92 0.57-1.47 0.74
Sex: male 0.72 0.43-1.19 0.20 0.53 0.29-0.99 <0.05
Diagnosis-to-treatment time<1 year 1.19 0.69-2.06 0.51 0.94 0.50-1.76 0.85
KPS: 280 0.60 0.37-0.97 <0.05 1.35 0.77-2.36 0.28
Calcium: >upper limit of normal 1.03 0.49-2.14 0.92 0.60 0.24-1.52 0.28
Platelets: >upper limit of normal 1.31 0.81-2.12 0.26 1.46 0.83-2.58 0.18
Histology: clear 0.64 0.41-0.98 <0.05 0.81 0.48-1.36 0.44
Sarcomatoid change: yes 0.96 0.52-1.78 0.91 1.50 1.07-2.12 <0.05
Metastasis site, liver: yes 1.45 0.84-2.49 0.17 1.73 0.91-3.28 0.09
Metastasis site, lung: yes 1.11 0.73-1.69 0.61 1.20 0.73-1.95 0.45
Metastasis site, bone: yes 1.08 0.69-1.69 0.71 1.32 0.81-2.16 0.25
Metastasis site, others: yes 1.21 0.78-1.86 0.37 1.05 0.63-1.76 0.82
Non-anemia group: yes 0.62 0.41-0.95 <0.05 0.60 0.37-0.97 <0.05
Anemia and low-neutrophil group: yes 1.32 0.86-2.03 0.19

Anemia and high-neutrophil L&7 0.91-3.08 0,09

group: yes

cutoff of > 4.0 who received an ICI had a 1.65-fold increased risk of
poor OS (17). In addition, the NLR was correlated with poor OS in
patients with RCC who underwent nephrectomy (18). One reason
for the association between neutrophil levels and prognosis is that
neutrophils promote tumor progression (19). Neutrophils
infiltrated into tumor by chemokines that are secreted by tumor
cells, immune cells, and cancer-associated fibroblasts (19). Tumor-
infiltrating neutrophils secrete cytokines, chemokines, reactive
oxygen species, and oncostatin M in tumor, and these factors
promote tumor progression, angiogenesis, and metastasis (19).
Moreover, as shown in a previous study, factors that are secreted
by tumor-infiltrating neutrophils are regulated by DNA
demethylation and super-enhancer formation (20).

The five treatments with ICI combination therapy including
ipilimumab plus nivolumab are recommended as a standard first-
line therapy for RCC according to the National Comprehensive
Cancer Network guidelines (1-5). However, it difficult for physician
to determine the optimal treatment for each patient among five
treatments. There are currently a number of studies on biomarkers
to evaluate the effectiveness and prognosis of ICI combination
therapy, such as genetic expression/mutation, blood parameters,
and adverse effects; there is still no innovative biomarker to
determine the optimal treatment (9, 21-25). Among those
biomarkers, the IMDC risk classification is a useful biomarker to
evaluate the effectiveness and prognosis of ipilimumab plus
nivolumab therapy, and our data support this (7). On the other
hand, IMDC risk classification was created in the VEGF-targeted
monotherapy and needs to be more refined for the ipilimumab plus
nivolumab therapy. In the current study, the mOS and mPES of
group 1 with intermediate IMDC risk was significantly longer than
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that of the groups 2 and 3 (mOS: 52.3 vs. 18.8 vs. 9.4 months; mPFS:
14.2 vs. 7.2 vs. 3.2 months, respectively; P < 0.05; Supplementary
Figure 1). The mOS and mPFS of patients with poor IMDC risk was
28.3 and 5.3 months in group 1, 26.5 and 5.2 months in group 2,
and 10.8 and 6.5 months in group 3 (mOS: P = 0.07; mPFS: P = 0.75;
Supplementary Figure 2). These data indicated that hemoglobin and
neutrophil can stratify patients who are classified by IMDC risk,
especially to intermediate risk, and predict the effectiveness and
prognosis of ipilimumab plus nivolumab therapy. Additionally,
Takemura et al. discussed the possibility that platelets and calcium
may not be important IMDC risk classification in a different way than
us (26). Although the patients enrolled in their study (26) had different
patient backgrounds from our study because of the inclusion of ICI
plus VEGF-targeted combination therapy, their study supports our
results and considerations. In brief, hemoglobin and neutrophil may be
rational biomarker to evaluate the effectiveness and prognosis of
ipilimumab plus nivolumab therapy.

The mOS and mPFS in group 1 were similar to those in the
CheckMate 214 trial (1). In contrast, the mOS and mPES in group 3
were significantly worse than in that trial. These data suggest that
IPI + NIVO therapy should be recommended for patients without
anemia; however, patients with anemia and high neutrophil counts
might be considered for combinations of ICI and VEGF-targeted
therapy. In patients with anemia and low neutrophil counts,
physicians should consider treatment options based on
performance status and disease progression.

This study had a methodological limitation. Specifically, we
could not control for bias in patient selection because this was a
retrospective study. Thus, we plan to confirm our findings using a
prospective study.
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In conclusion, we report robust results demonstrating that
hemoglobin and neutrophil values before treatment are important
predictors of the effectiveness of IPI + NIVO therapy in patients
with RCC.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board Nagoya City University Graduate School of Medical
Sciences (#60-22-0054). The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to
participate in this study. As this is a retrospective study, patient
consent was not required.

Author contributions

SH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Writing -
original draft, Writing - review & editing. YT: Conceptualization,
Data curation, Funding acquisition, Writing — original draft. SY: Data
curation, Project administration, Writing - review & editing. JF: Data
curation, Investigation, Writing - review & editing. KF:
Data curation, Investigation, Writing — review & editing. RT: Data
curation, Investigation, Writing — review & editing. MM: Data
curation Investigation, Writing - review & editing. NI:
Data curation, Investigation, Writing — review & editing. HI: Data
curation, Investigation, Writing — review & editing. YS: Supervision,
Writing - review & editing. KT: Supervision, Writing — review &
editing. TY: Supervision, Writing - review & editing.

References

1. Motzer RJ, McDermott DF, Escudier B, Burotto M, Choueiri TK, Hammers HJ,
et al. Conditional survival and long-term efficacy with nivolumab plus ipilimumab
versus sunitinib in patients with advanced renal cell carcinoma. Cancer. (2022)
128:2085-97. doi: 10.1002/cncr.34180

2. Choueiri TK, Powles T, Burotto M, Escudier B, Bourlon MT, Zurawski B, et al.
CheckMate 9ER Investigators. Nivolumab plus cabozantinib versus sunitinib for
advanced renal-cell carcinoma. N Engl ] Med. (2021) 384:829-41. doi: 10.1056/NE/
Mo0a2026982

3. Motzer R, Alekseev B, Rha SY, Porta C, Eto M, Powles T, et al. CLEAR Trial
Investigators. Lenvatinib plus pembrolizumab or everolimus for advanced renal cell
carcinoma. N Engl ] Med. (2021) 384:1289-300. doi: 10.1056/NE/M0a2035716

4. Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT, et al. Avelumab
plus axitinib versus sunitinib for advanced renal-cell carcinoma. N Engl ] Med. (2019)
380:1103-15. doi: 10.1056/NE/Moal816047

5. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al. KEYNOTE-
426 Investigators. Pembrolizumab plus axitinib versus sunitinib for advanced renal-cell
carcinoma. N Engl ] Med. (2019) 380:1116-27. doi: 10.1056/NE/Moal816714

Frontiers in Oncology

10.3389/fonc.2024.1400041

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was funded by the Nitto Foundation.

Acknowledgments

We wish to thank Dr. Nami Tomiyama for supporting
this work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1400041/
full#supplementary-material

6. Heng DY, Xie W, Regan MM, Warren MA, Golshayan AR, Sahi C. Prognostic
factors for overall survival in patients with metastatic renal cell carcinoma treated with
vascular endothelial growth factor-targeted agents: results from a large, multicenter
study. J Clin Oncol. (2009) 27:5794-9. doi: 10.1200/JC0O.2008.21.4809

7. Tomiyama N, Tasaki Y, Hamamoto S, Sugiyama Y, Naiki T, Etani T, et al.
Hemoglobin and neutrophil levels stratified according to International Metastatic
Renal Cell Carcinoma Database Consortium risk predict the effectiveness of
ipilimumab plus nivolumab in patients with advanced metastatic renal cell
carcinoma. Int J Urol. (2023) 30:754-61. doi: 10.1111/iju.15198

8. Yanagisawa T, Mori K, Katayama S, Mostafaei H, Quhal F, Laukhtina E, et al.
Hematological prognosticators in metastatic renal cell cancer treated with immune
checkpoint inhibitors: a meta-analysis. Immunotherapy. (2022) 14:709-25.
doi: 10.2217/imt-2021-0207

9. Chen X, Meng F, Jiang R. Neutrophil-to-lymphocyte ratio as a prognostic
biomarker for patients with metastatic renal cell carcinoma treated with immune
checkpoint inhibitors: A systematic review and meta-analysis. Front Oncol. (2021)
11:746976. doi: 10.3389/fonc.2021.746976

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1400041/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1400041/full#supplementary-material
https://doi.org/10.1002/cncr.34180
https://doi.org/10.1056/NE/Moa2026982
https://doi.org/10.1056/NE/Moa2026982
https://doi.org/10.1056/NE/Moa2035716
https://doi.org/10.1056/NE/Moa1816047
https://doi.org/10.1056/NE/Moa1816714
https://doi.org/10.1200/JCO.2008.21.4809
https://doi.org/10.1111/iju.15198
https://doi.org/10.2217/imt-2021-0207
https://doi.org/10.3389/fonc.2021.746976
https://doi.org/10.3389/fonc.2024.1400041
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hamamoto et al.

10. Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical
statistics. Bone Marrow Transplant. (2013) 48:452-8. doi: 10.1038/bmt.2012.244

11. Ludwig H, Van Belle SV, Barrett-Lee P, Birgegird G, Bokemeyer C, Gascon P,
et al. The European Cancer Anaemia Survey (ECAS): a large, multinational, prospective
survey defining the prevalence, incidence, and treatment of anaemia in cancer patients.
Eur J Cancer. (2004) 40:2293-306. doi: 10.1016/j.¢jca.2004.06.019

12. Aapro M, Beguin Y, Bokemeyer C, Dicato M, Gascon P, Glaspy J, et al.
Management of anaemia and iron deficiency in patients with cancer: ESMO Clinical
Practice Guidelines. Ann Oncol. (2018) 29:iv271. doi: 10.1093/annonc/mdy323

13. Xiao R, Xu C, He W, Liu L, Zhang H, Liu C, et al. Preoperative anaemia and
thrombocytosis predict adverse prognosis in non-metastatic renal cell carcinoma with
tumour thrombus. BMC Urol. (2021) 21:31. doi: 10.1186/s12894-021-00796-6

14. Knight K, Wade S, Balducci L. Prevalence and outcomes of anemia in cancer: a systematic
review of the literature. Am J Med. (2004 116:11-26. doi: 10.1016/j.amjmed.2003.12.008

15. Bilir C, Yildiz I, Bilici A, Ucar M, Berk V, Yildiz Y, et al. Is change in hemoglobin
level a predictive biomarker of tyrosine kinase efficacy in metastatic renal cell
carcinoma? A Turkish oncology group study. Cancer Invest. (2017) 35:248-55.
doi: 10.1080/07357907.2017.1292518

16. Motzer RJ, Rini BI, McDermott DF, Frontera O, Hammers H]J, Carducci MA,
et al. CheckMate 214 investigators. Nivolumab plus ipilimumab versus sunitinib in
first-line treatment for advanced renal cell carcinoma: extended follow-up of efficacy
and safety results from a randomised, controlled, phase 3 trial. Lancet Oncol. (2019)
20:1370-85. doi: 10.1016/S1470-2045(19)30413-9

17. Anpalakhan S, Signori A, Cortellini A, Verzoni E, Giusti R, Aprile G, et al. Using
peripheral immune-inflammatory blood markers in tumors treated with immune
checkpoint inhibitors: an INVIDIa-2 study sub-analysis. iScience. (2023) 26:107970.
doi: 10.1016/j.is¢1.2023.107970

18. Tang Y, Shao Y, Hu X, Ren S, Li X. Validation and comparison of prognostic value
of different preoperative systemic inflammation indices in non-metastatic renal cell
carcinoma. Int Urol Nephrol. (2023) 55:2799-807. doi: 10.1007/s11255-023-03724-9

Frontiers in Oncology

06

10.3389/fonc.2024.1400041

19. Wu L, Saxena S, Awaji M, Singh RK. Tumor-associated neutrophils in cancer:
going pro. Cancers. (2019) 11:564. doi: 10.3390/cancers11040564

20. Nishida J, Momoi Y, Miyakuni K, Tamura Y, Takahashi K, Koinuma D, et al.
Epigenetic remodelling shapes inflammatory renal cancer and neutrophil-dependent
metastasis. Nat Cell Biol. (2020) 22:465-75. doi: 10.1038/s41556-020-0491-2

21. Xu X, Wang Y, Chen Z, Zhu Y, Wang J, Guo J. Favorable immunotherapy
plus tyrosine kinase inhibition outcome of renal cell carcinoma patients with low
CDK5 expression. Cancer Res Treat. (2023) 55:1321-36. doi: 10.4143/
crt.2022.1532

22. Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A,
et al. Development of tumor mutation burden as an immunotherapy biomarker:
Utility for the oncology clinic. Ann Oncol. (2019) 30:44-56. doi: 10.1093/annonc/
mdy495

23. Tasaki Y, Sugiyama Y, Hamamoto S, Naiki T, Uemura T, Yokota K, et al.
Eosinophil may be a predictor of immune-related adverse events induced by different
immune checkpoint inhibitor types: A retrospective multidisciplinary study. Cancer
Med. (2023) 12:21666-79. doi: 10.1002/cam4.6724

24. Tasaki Y, Hamamoto S, Sugiyama Y, Tomiyama N, Naiki T, Etani T, et al.
Elevated eosinophils proportion as predictor of immune-related adverse events after
ipilimumab and nivolumab treatment of advanced and metastatic renal cell carcinoma.
Int J Urol. (2023) 30:866-74. doi: 10.1111/iju.15220

25. Atkins MB, Jegede OA, Haas NB, McDermott DF, Bilen MA, Stein M, et al.
Phase II study of nivolumab and salvage nivolumab/ipilimumab in treatment-naive
patients with advanced clear cell renal cell carcinoma (HCRN GU16-260-Cohort A).
J Clin Oncol. (2022) 40:2913-23. doi: 10.1200/JC0O.21.02938

26. Takemura K, Yuasa T, Lemelin A, Ferrier E, Wells ], Saad E, et al. Prognostic
significance of absolute lymphocyte count in patients with metastatic renal cell
carcinoma receiving first-line combination immunotherapies: results from the
International Metastatic Renal Cell Carcinoma Database Consortium. ESMO Open.
(2024) 9:103606. doi: 10.1016/j.esmoop.2024.103606

frontiersin.org


https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1016/j.ejca.2004.06.019
https://doi.org/10.1093/annonc/mdy323
https://doi.org/10.1186/s12894-021-00796-6
https://doi.org/10.1016/j.amjmed.2003.12.008
https://doi.org/10.1080/07357907.2017.1292518
https://doi.org/10.1016/S1470-2045(19)30413-9
https://doi.org/10.1016/j.isci.2023.107970
https://doi.org/10.1007/s11255-023-03724-9
https://doi.org/10.3390/cancers11040564
https://doi.org/10.1038/s41556-020-0491-2
https://doi.org/10.4143/crt.2022.1532
https://doi.org/10.4143/crt.2022.1532
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1002/cam4.6724
https://doi.org/10.1111/iju.15220
https://doi.org/10.1200/JCO.21.02938
https://doi.org/10.1016/j.esmoop.2024.103606
https://doi.org/10.3389/fonc.2024.1400041
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	External validation of hemoglobin and neutrophil levels as predictors of the effectiveness of ipilimumab plus nivolumab for treating renal cell carcinoma
	1 Introduction
	2 Methods
	2.1 Study design and treatment
	2.2 Statistical analyses

	3 Results
	3.1 Patient characteristics
	3.2 Survival outcomes

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


