
Abstract. Background/Aim: We performed a multicenter
retrospective observational study to investigate the impact of
immune checkpoint inhibitors (ICIs) on the survival of patients
with bone metastases (BMs) from renal cell cancer (RCC).
Patients and Methods: A total of 98 patients with metastatic
RCC (mRCC) treated with ICIs were retrospectively enrolled.
All patients received standard treatments with nivolumab
alone or in combination with ipilimumab from December 2015
to March 2022. The primary endpoint was median overall
survival (OS). Results: Forty-three patients (44%) had
radiological evidence of BMs. No statistically significant
difference in OS was reported between the BM population and
the entire population (p=0.254). Conclusion: Our study
suggests some degree of ICI activity to treat patients with BMs
from RCC, historically associated with a poorer prognosis.

Immune-checkpoint inhibitors (ICIs) have undoubtedly
revolutionized metastatic renal cell carcinoma (mRCC)
treatment (1); however, a significant proportion of patients
with mRCC, harbouring some recognized negative
prognostic factors, fails to respond to ICI therapy. In this

case, approximately one third of patients with mRCC have
bone metastases (BMs), which are associated with poor
prognosis (2, 3). BMs from RCC are predominantly
osteolytic and often associated with skeletal-related events
(SREs), such as severe bone pain, pathological fractures,
spinal cord compression, hypercalcemia, and need for
radiotherapy or surgery (4). The median overall survival
(OS) after diagnosis of BMs ranges from 12 to 28 months
(2). Systemic treatments of BMs include inhibitors of bone
resorption and anabolic signals, namely bone target agents
(BTA) like zoledronic acid or nuclear factor-ĸ B ligand
(RANK-L) inhibitor denosumab (5).

Data regarding the efficacy of ICIs in patients with BMs
from RCC is sparse. In a CheckMate 9ER exploratory post
hoc analysis of depth of response in target lesions by organ
site, a higher proportion of patients experienced tumor
shrinkage with nivolumab plus cabozantinib versus sunitinib
across all organ sites assessed, including the bone (6).
Subgroup analysis of patients with BMs treated with
nivolumab on CheckMate 025 in the non-front-line setting
showed increased overall response rates (ORR) compared to
patients treated with everolimus (26 vs. 6%) (7). However, in
a large tumor agnostic study, BMs were associated with
decreased response to immunotherapy (8). Thus, the potential
beneficial effect of ICIs on BMs is, at present, controversial
and this is an urgent area for future study. Herein, we
conducted a multicentric retrospective study to investigate the
potential impact of ICI treatments on the overall survival
(OS) of an Italian mRCC population bearing BMs.

Patients and Methods

A cohort of consecutive patients with a histologically confirmed
diagnosis of RCC was retrospectively identified from the clinical
registries of the Clinical Oncology Unit of Careggi University
Hospital, Florence, Italy and the Unit of Medical Oncology of the
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University Hospital of Pisa, Italy. All included patients had started
nivolumab alone or in combination with ipilimumab as standard
treatment for mRCC between December 2015 and March 2022. An
institutional review board approval was obtained at each center prior
to data collection onset and all selected patients had signed an
informed consent for clinical data collection and use for research
purposes. Data cut-off was November 2022. 

Primary endpoint was OS, the time from first diagnosis to death
from any cause. 

All statistical analyses were conducted using the R software
v4.3.0 (9) and the packages survival v3.5-5 (10), survminer v0.4.9
(11) and dplyr v1.1.2 (12). Significance was concluded at p<0.05.
Categorical data were reported as percentages, while continuous
data were reported as median and range. When necessary, the
median value of continuous data was selected as cut-off value.

Differences in continuous data in the same sample but different
times were estimated with a paired samples t-test. When
appropriate, p-values were corrected for multiple hypothesis testing
with the Bonferroni method. Survival rate between different groups
was estimated with the Kaplan-Meier method and log-rank test.

Results

Baseline demographic features. In total, 98 patients with
mRCC treated with ICIs were enrolled in the study. The
basal clinical and pathological features of the entire
population are described in Table I. The median age at
diagnosis was 62 years and 78% of patients were male
(n=76). Forty-three patients (44%) had radiological evidence
of BMs; among these, 5 patients (12%) had a diagnosis of
clear cell (cc) RCC with sarcomatoid features (Table II).

Most patients (84%) had extraosseous metastases. In
addition, among patients with evidence of BMs, 35 patients
(81%) received the radical nephrectomy and 9 patients (21%)
resection of BMs (Table II).

The onset of BMs and the diagnosis of primary RCC were
mostly metachronous (98%). With regards to the number of
BMs, 13 patients (30%) had solitary BMs and 30 patients
(70%) had multiple BMs. Thirteen patients (30%) had more
than five BMs. The prevalent BM site was the spine (57%),
while 43% of patients the appendicular skeleton, including
33.4% with both axial and appendicular colonization (Table
III). Twelve patients received BTA, including zoledronic acid
(82%, n=10/12) or denosumab (18%, n=2/12). Regarding
systemic treatments, 98% of patients with BMs (n=42/43)
received second line and subsequent therapy with nivolumab,
whereas 1 patient out of 43 underwent first line therapy with
nivolumab plus ipilimumab within an Italian Expanded
Access Program (Table II). As shown in Table I, 26%
(n=11/43) of patients with BMs developed one SRE.
Pathological fractures occurred in 100% (n=11) of patients
with experienced SREs. Among patients who experienced
one SRE, only 2 (2%) were previously treated with BTA
such as bisphosphonates (Table III). 
Actuarial overall survival. At the time of data lock, 45
patients were deceased and 52 were still alive, while one was
lost to follow-up. The median OS was 30 months for the
overall population. No statistically significant difference in
OS was found between the BM population and the entire

CANCER DIAGNOSIS & PROGNOSIS 3: 538-542 (2023)

539

Table I. Characteristics of the entire study population.

Characteristics                                              Frequency           Percentage

Age at RCC diagnosis (n=98)
Median, 62 (41-82) years
Sex (n=98)
   Male                                                                   76                     78%
   Female                                                               22                     22%
Histology (n=98)
   ccRCC                                                               71                     72%
   nccRCC                                                             27                     28%
Sarcomatoid features
   Yes                                                                     10                     10%
   No                                                                      88                     90%
IMDC risk group (n=93)
   Favourable                                                        21                     22%
   Intermediate                                                      64                     69%
   Poor                                                                      8                       9%
ICIs
   Nivolumab                                                         96                     98%
   Nivolumab plus ipilimumab                               2                       2%

RCC: Renal cell cancer; ccRCC: clear cell renal cell cancer; nccRCC:
non clear cell renal cell cancer; IMDC: International Metastatic RCC
Database Consortium; ICIs: immune checkpoint inhibitors.

Table II. Characteristic of the bone metastases study population.

Characteristics                                               Frequency           Percentage

Age at RCC diagnosis (n=43)
Median, 64 (42-84) years
Sex (n=43)
   Male                                                                   34                     79%
   Female                                                                 9                     21%
Histology (n=43)
   ccRCC                                                               32                     74%
   nccRCC                                                             11                     26%
Sarcomatoid features (n=43)
   Yes                                                                       5                     12%
   No                                                                      38                     88%
IMDC risk group (n=41)
   Favourable                                                           6                     14%
   Intermediate                                                       31                     72%
   Poor                                                                      4                       9%
ICIs (n=43)
   Nivolumab                                                         42                     98%
   Nivolumab plus ipilimumab                               1                       2%

RCC: Renal cell cancer; ccRCC: clear cell renal cell cancer; nccRCC:
non clear cell renal cancer; IMDC: International Metastatic RCC
Database Consortium; ICIs: immune checkpoint inhibitors.



population (p=0.254) (Figure 1A). A better OS was found for
patients with normal neutrophil lymphocyte ratio (NLR) at
baseline rather than patients with to elevated NLR (36.0
months vs. 12.0 months, p=0.023). Among patients with
BMs, those with a normal NLR at the time of BMs detection
at baseline had better survival than those with an elevated
NLR (p=0.052) (Figure 1B). In the BM population, better
OS was associated with normal basal calcaemia (35.0
months vs. 8.0 months, p=0.023; Figure 1C). In addition, the
use of BTA was associated with worse OS in the BM
population (12 months vs. 35 months, p=0.001) (Figure 1D). 

Discussion

BMs are frequently developed in cancer and have a negative
impact on the quality of life and survival. BMs are
considered an independent risk factor for decreased survival
(3). However, the results of our analysis do not support this
conclusion and suggest a positive effect of immunotherapy.
In support of our results, a subgroup analysis of CheckMate
025 trial showed that median OS of patients with BMs was

18.5 months [95% confidence interval (CI)=10.2–not
reached] with nivolumab and 13.8 months (95%CI=7.0-16.4)
with everolimus (6). Although BM is a poor prognostic
factor for RCC, the ICIs provide hope for RCC patients with
BMs. In addition, our literature research identified three case
reports showing radiological complete response of BMs from
RCC upon ICIs treatment (13-15). Finally, BTA may be
recommended. Although our analysis showed an apparently
detrimental effect of BTA during immunotherapy, this result
deserves further consideration. In the real-world setting, the
use BTA is often reserved for advanced BMs. Thus, the
cohort of patients treated with BTA is probably a “negative”
selected population. Furthermore, of the 12 patients who
received BTA in our study, 10 received bisphosphonates
whereas only 2 patients received denosumab, in absence of
data suggesting a synergistic effect between bisphosphonates
and ICIs. In a small retrospective analysis, there was an
increased survival trend in patients taking BTA, both
zoledronic acid and denosumabin in combination with
tyrosine kinase inhibitor (TKI) (sunitinib or pazopanib)
versus TKI alone: 29.6 months (95%CI=7.2-51.9) versus
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Figure 1. Overall survival of study population. A) Overall survival according to presence or absence of bone metastases. B) Overall survival
according to value of basal neutrophil/lymphocyte ratio (NLR) among bone metastases patients. C) Overall survival according to basal calcaemia
among bone metastases patients. D) Overall survival according to use of bone resorption inhibitors [bone target agents (BTA)] among patients
with bone metastases.



13.8 months [(95%CI=12.3-15.2), hazard ratio (HR)=1.66,
95%CI=0.62-4.45, p=0.31] (16). Although there have been
no reports on the combined treatment for BMs from RCC,
denosumab has been licensed for the treatment of mRCC and
the combined of systemic treatment (TKI, ICIs) and
denosumab may be recommended in RCC with BMs data in
preclinical mouse tumor models and some retrospective
studies enrolling patients with lung cancer and melanoma
suggest synergistic effects of the combined administration of
ICIs and denosumab (17). Regarding RCC, a phase II study
(NCT03280667) is ongoing. Additionally,  combination of
local treatment on BMs (radiotherapy or surgery) ant
immunotherapy could improve overall survival in patients
with mRCC (18).

In line with what was expected, our study showed a negative
correlation between high NLR (≥3) and survival. Local and
systemic inflammation may lead to a neutrophilia leading to
the suppression of the cytolytic activity of immune cells like
lymphocytes, natural killer cells and activated T cells (19).

The alteration of peripheral blood biomarkers including
NLR can represent a systemic inflammatory response.

Several studies have demonstrated that NLR is a negative
prognostic biomarker associated with a worse OS in mRCC
in the pre-immunotherapy era (20). A recent review and
meta-analysis, which explored the utility of NLR in patients
with mRCC treated with ICIs, revealed that the high NLR
group at baseline or pre-therapy had a shorter OS than the
low NLR group (combined HR=2.23; 95%CI=1.84-2.70;
p<0.001). Furthermore, a decrease in NLR during treatment
was a predictor of a longer OS (HR=0.34; 95%CI=0.20-0.56;
p<0.001) (20). Therefore, NLR, similarly others factors like
serum C-reactive protein (CRP), neopterin, and urinary
neopterin, lower serum albumin and hemoglobin
concentration, could be considered a reliable biomarkers of
activation of immune response, associated with outcome in
mRCC patients treated with ICI immunotherapy (21).

Our study suggests some degree of ICI activity in the
treatment of patients with BMs from RCC, which were
historically associated with a poorer prognosis. Hopefully,
the new standard of care based on combination therapies
(like ICIs and TKIs) would improve more the OS of mRCC,
even when BMs is present (22). Due to the exiguity of the
examined population and the retrospective nature of our
analysis, additional studies must be performed to shed light
in the evaluation of the response of BMs to ICI treatment.

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

Authors’ Contributions

All the Authors contributed to the preparation of this work and read
and approved the final manuscript. EG, SP, and LA contributed to
study conception and design. EG, VEP, VR, EF, AB, AS, LG,
MMM, and SP were responsible for collecting the data, analysis,
and drafting the first copy. EG, EF, and SP were responsible for
editing the manuscript. LA, EG, and SP were responsible for the
final editing and preparation of the manuscript for submission.

References
1 Lavacchi D, Pellegrini E, Palmieri VE, Doni L, Mela MM, Di

Maida F, Amedei A, Pillozzi S, Carini M, Antonuzzo L: Immune
checkpoint inhibitors in the treatment of renal cancer: current
state and future perspective. Int J Mol Sci 21(13): , 2020. DOI:
10.3390/ijms21134691

2 Brozovich A, Garmezy B, Pan T, Wang L, Farach-Carson MC,
Satcher RL: All bone metastases are not created equal: Revisiting
treatment resistance in renal cell carcinoma. J Bone Oncol 31:
100399, 2021. DOI: 10.1016/j.jbo.2021.100399

3 McKay RR, Kroeger N, Xie W, Lee JL, Knox JJ, Bjarnason GA,
MacKenzie MJ, Wood L, Srinivas S, Vaishampayan UN, Rha
SY, Pal SK, Donskov F, Tantravahi SK, Rini BI, Heng DY,
Choueiri TK: Impact of bone and liver metastases on patients

CANCER DIAGNOSIS & PROGNOSIS 3: 538-542 (2023)

541

Table III. Characteristics of metastatic disease in the bone metastases
(BMs) study population.

Characteristics                                              Frequency           Percentage

Presence of extraosseous mts (n=43) 
   No                                                                       7                         16
   Yes                                                                     36                         84
Time of BMS diagnosis (n=43) 
   Synchronous                                                     18                         42
   Metachronous                                                   25                         58
Sites of BMs (n=42) 
   Axial                                                                 24                         56
   Appendicular                                                      4                           9
   Both                                                                   14                         33
Number of BMS (n=42)
   Single site                                                          13                         30
   <5                                                                       16                         37
   ≥5                                                                       13                         30
Calcaemia at BMs diagnosis (n=34)
   <ULN                                                                30                         70
   ≥ULN                                                                   4                           9
Use of BTA (n=43) 
   No                                                                      31                         72
   Bisphosphonates                                               10                         23
   Denosumab                                                          2                           5
Palliative RT (n=41)
   Yes                                                                     36                         88
   No                                                                        5                         12
SRE (n=42)
   Yes                                                                     11                         26
   No                                                                      31                         74
                                                                                  
Mts: Metastases; BMs: bone metastases; RT: radiotherapy; BTA: bone
target agents; SRE: skeletal related events.



with renal cell carcinoma treated with targeted therapy. Eur Urol
65(3): 577-584, 2014. DOI: 10.1016/j.eururo.2013.08.012

4 Beuselinck B, Oudard S, Rixe O, Wolter P, Blesius A, Ayllon J,
Elaidi R, Schöffski P, Barrascout E, Morel A, Escudier B, Lang H,
Zucman-rossi J, Medioni J: Negative impact of bone metastasis on
outcome in clear-cell renal cell carcinoma treated with sunitinib.
Ann Oncol 22(4): 794-800, 2011. DOI: 10.1093/annonc/mdq554

5 Wong ECL, Kapoor A: Does bone-targeted therapy benefit
patients with metastatic renal cell carcinoma? Transl Oncol
13(2): 241-244, 2020. DOI: 10.1016/j.tranon.2019.10.009

6 Powles T, Choueiri TK, Burotto M, Escudier B, Bourlon MT, Shah
AY, Suárez C, Hamzaj A, Porta C, Hocking C, Kessler ER, Gurney
H, Tomita Y, Bedke J, Zhang J, Simsek B, Scheffold C, Apolo AB,
Motzer RJ: Final overall survival analysis and organ-specific target
lesion assessments with two-year follow-up in CheckMate 9ER:
Nivolumab plus cabozantinib versus sunitinib for patients with
advanced renal cell carcinoma. J Clin Oncol 40(6_suppl): 350-350,
2022. DOI: 10.1200/JCO.2022.40.6_suppl.350

7 Escudier B, Sharma P, Mcdermott DF, George S, Hammers HJ,
Srinivas S, Tykodi SS, Sosman JA, Procopio G, Plimack ER,
Castellano D, Gurney H, Donskov F, Peltola K, Wagstaff J,
Gauler TC, Ueda T, Zhao H, Waxman IM, Motzer RJ:
CheckMate 025 randomized phase 3 study: Outcomes by key
baseline factors and prior therapy for nivolumab versus
everolimus in advanced renal cell carcinoma. Eur Urol 72(6):
962-971, 2017. DOI: 10.1016/j.eururo.2017.02.010

8 Botticelli A, Cirillo A, Scagnoli S, Cerbelli B, Strigari L,
Cortellini A, Pizzuti L, Vici P, De Galitiis F, Di Pietro FR,
Cerbelli E, Ghidini M, D’Amati G, Della Rocca C, Mezi S,
Gelibter A, Giusti R, Cortesi E, Ascierto PA, Nuti M, Marchetti
P: The agnostic role of site of metastasis in predicting outcomes
in cancer patients treated with immunotherapy. Vaccines (Basel)
8(2): 203, 2020. DOI: 10.3390/vaccines8020203

9 R Core Team. R: A language and environment for statistical
computing. R. Foundation for Statistical Computing, Vienna,
Austria. Available at: https://www.R-project.org/ [Last accessed
on July 19, 2023]

10 Therneau T: A package for survival analysis in R. R package
version 3.5-5. Available at: https://CRAN.R-project.org/
package=survival [Last accessed on July 19, 2023]

11 Kassambara A, Kosinski M, Biecek P: survminer: Drawing
Survival Curves using ‘ggplot2’. R package version 0.4.9.
Available at: https://CRAN.R-project.org/package=survminer
[Last accessed on July 19, 2023]

12 Wickham H, François R, Henry L, Müller K, Vaughan D: dplyr:
A grammar of data manipulation. R package version 1.1.2.
Available at: https://CRAN.R-project.org/package=dplyr [Last
accessed on July 19, 2023]

13 Asano Y, Yamamoto N, Hayashi K, Takeuchi A, Miwa S,
Igarashi K, Higuchi T, Taniguchi Y, Morinaga S, Horimoto T,
Nakai M, Kadono Y, Nojima T, Tsuchiya H: Case report:
Complete remission of bone metastasis from renal cell
carcinoma in histopathological examination after treatment with
immune checkpoint inhibitors. Front Immunol 13: 980456, 2022.
DOI: 10.3389/fimmu.2022.980456

14 Vuyyala S, Gandhi S, Kuechle JB, George S: Complete
remission of bone metastases in renal cell carcinoma with
nivolumab. Cureus 11(8): e5531, 2019. DOI: 10.7759/cureus.
5531

15 Marsh S, Wang J: Complete remission of liver and bone
metastases after nivolumab treatment in a patient with renal cell
carcinoma: The potential implication of MLH1 mutations. Oncol
Cancer Case Rep 3: 125, 2017.

16 Kalra S, Verma J, Atkinson BJ, Matin SF, Wood CG, Karam JA,
Lin S, Satcher RL, Tamboli P, Sircar K, Rao P, Corn PG, Tannir
NM, Jonasch E: Outcomes of patients with metastatic renal cell
carcinoma and bone metastases in the targeted therapy era. Clin
Genitourin Cancer 15(3): 363-370, 2017. DOI: 10.1016/
j.clgc.2017.01.010

17 Liede A, Hernandez RK, Wade SW, Bo R, Nussbaum NC, Ahern
E, Dougall WC, Smyth MJ: An observational study of
concomitant immunotherapies and denosumab in patients with
advanced melanoma or lung cancer. Oncoimmunology 7(12):
e1480301, 2018. DOI: 10.1080/2162402X.2018.1480301

18 Chiou J, Chang L, Li J, Wang S, Yang C, Chen C, Lu K,
Cheng C, Chiu K, Hung S: Metastasectomy improves overall
survival in metastatic renal cell carcinoma: a retrospective
cohort study. Anticancer Res 43(7): 3193-3201, 2023. DOI:
10.21873/anticanres.16493

19 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 11: 746976,
2021. DOI: 10.3389/fonc.2021.746976

20 Diakos CI, Charles KA, Mcmillan DC, Clarke SJ: Cancer-related
inflammation and treatment effectiveness. Lancet Oncol 15(11):
e493-e503, 2014. DOI: 10.1016/S1470-2045(14)70263-3 

21 Spisarova M, Melichar B, Juranova J, Zemankova A, Adam T,
Matousova K, Javorska L, Krcmova LK, Turonova D, Studentova
H: Biomarkers of inflammation and progression during
immunotherapy in patients with metastatic renal cell carcinoma. In
Vivo 37(1): 393-399, 2023. DOI: 10.21873/invivo.13091

22 Pinto PC: The potential impact of new drug and therapeutic
modalities on drug resistance to renal cell carcinoma. Anticancer
Res 43(3): 983-991, 2023. DOI: 10.21873/anticanres.16242

Received June 12, 2023
Revised July 17, 2023

Accepted July 20, 2023

Gambale et al: Impact of Immunotherapy on Overall Survival in Patients With Renal Cell Cancer 

542


