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Abstract

Purpose Sarcomatoid dedifferentiation represents one of the most aggressive features of clear cell renal cell carcinoma
(ccRCC). In this study we evaluated whether grade 4-ccRCC subclassification based on the intratumoral abundance of sar-
comatoid features could have a prognostic impact.

Methods A cohort of 212 patients with localized or locally advanced sarcomatoid ccRCC was identified. This population
was stratified according to abundance of sarcomatoid features in low-sarcomatoid (LS=<20% sarcomatoid component;
n=117) and high-sarcomatoid (HS =>20% sarcomatoid component; n=95). Estimates of cancer-specific survival (CSS) and
recurrence-free survival (RFS) were calculated according to the Kaplan—-Meier method and compared with the log-rank test.
Multivariable analysis was performed using the Cox proportional hazards regression model to identify the most significant
variables for predicting CSS and RFS.

Results Kaplan—Meier survival curves stratified by abundance of sarcomatoid component, showed that CSS and RFS were
significantly decreased in patients with sarcomatoid component>20% (both P<0.0001). At multivariable analysis by Cox
regression modeling, the abundance of sarcomatoid component was an independent adverse prognostic factor for CSS
(P<0.0001) and RFS (P<0.0001).

Conclusion ccRCC Subclassification based on the abundance of intratumoral sarcomatoid component has a clinical signifi-
cance. Our study showed that ccRCC subclassification into HS versus LS groups had a prognostic impact in terms of CSS
and RFS in non-metastatic ccRCC.
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Introduction

Renal cell carcinoma is one of the ten most frequent cancers
worldwide, and it accounts for about 3—5% of all tumors.
According to the American Cancer Society, 81,610 new
cases and 14,390 kidney cancer deaths are projected to
occur in the United States for 2024 [1].

Clear cell renal cell carcinoma (ccRCC) represents the
most common malignant histotype, and according to 2022
(fifth edition) World Health Organization (WHO)/Inter-
national Society of Urological Pathology (ISUP) grading
system, 4 grades of progressive aggressiveness can be iden-
tified [2].

The actual 4-tier grading system updated the previous
Fuhrman grade classification, and to date it represents an
important prognostic parameter for risk stratification in
patients with this cancer. The assessment of tumor grade
is based on morphological features such as the degree of
nucleolar prominence (for grade 1-3). An extreme nuclear
pleomorphism and the presence of anaplastic giant cells,
rhabdoid and/or sarcomatoid components describes the
grade 4 [2].

Sarcomatoid dedifferentiation can occur in most RCC
histologic subtypes, although it is most common in clear
cell histotype, and identifies a highly aggressive phenotype
associated with poor prognosis. In particular, the presence
of sarcomatoid features is associated with higher stage at
diagnosis, a more aggressive disease course, and reduced
survival in both localized and metastatic settings [3].

Sarcomatoid RCC (sRCC) is not considered a distinct
histological variant of RCC, but a pattern of dedifferen-
tiation characterized by epithelial-mesenchymal transition
(EMT) of epithelial component [4-6]. The cellular elements
typically show a sarcoma-like spindle cell morphology with
high pleomorphism and atypia and, according to WHO/
ISUP criteria, the presence of any amount of these compo-
nents is sufficient for the diagnosis of SRCC. Sarcomatoid
RCC, like other tumors, is characterized by a marked phe-
notypic heterogeneity that ranges from a focal localization
to extensive involvement of the sarcomatoid component. To
date, few studies explored the role of the abundance of the
sarcomatoid component in heterogeneous populations of
patients with RCC [7—10].

The aim of this study was to evaluate the prognostic
impact of the percentage abundance of the intratumor sarco-
matoid features in a cohort of patients with non-metastatic
RCC and with clear cell histology.
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Materials and methods

A cohort of patients with surgically resected localized or
locally advanced sarcomatoid ccRCC (grade 4) was ret-
rospectively evaluated from January 2016 to December
2023. Patients with visceral metastases at diagnosis were
excluded. All patients were preoperatively staged by tho-
raco-abdominal Computed Tomography or Magnetic Reso-
nance Imaging. Tumor staging was reassigned according to
the ninth edition of the AJCC-UICC TNM classification.

Two dedicated genitourinary pathologists confirmed the
presence of sarcomatoid feature in the neoplastic tissue,
and the percentage of sarcomatoid component (PSC) was
assessed on formalin-fixed paraffin embedded tissue blocks,
without knowledge of patient outcome.

In particular, each tumor was entirely sampled and
included for analysis. All histological slides were digitally
scanned using a Nikon Hamamatsu NanoZoomer S60 scan-
ner. The sarcomatoid areas were identified and selected
on the digital scans with the assistance of QuPath soft-
ware. This process was performed under the guidance of
two experienced uropathologists, allowing for the precise
assessment of the percentage of sarcomatoid areas for each
slide and, ultimately, for each tumor case.

Tumor grade on pathological tissues was attributed with
hematoxylin—eosin (HE) staining in according to 2022
WHO/ISUP grading system [2]. The concomitant presence
of areas of ccRCC associated with the sarcomatoid compo-
nent has always been identified. Clear cell RCCs with rhab-
doid component were excluded.

Patients were stratified according to abundance of sar-
comatoid features in low-sarcomatoid (LS: <20% of sar-
comatoid component) and high-sarcomatoid (HS: >20%
of sarcomatoid component) (Fig. 1A and B). The 20% cut-
point was determined using receiver-operating character-
istic (ROC) analysis and quantified in terms of area under
the curve (AUC) and corresponding 95% confidence inter-
val (95% CI). In particular, we used the event “death” and
“recurrence” as binary markers, and identified the optimal
cutoff value by intersecting the best sensitivity and specific-
ity values.

Comparisons of median values between different groups
were evaluated by Mann—Whitney U test. Continuous vari-
ables were summarized with median and 95% confidence
interval for median (95% CI). Categorical variables were
summarized with frequency counts and percentages.

Spearman test was applied to evaluate the correlations
between the percentage of sarcomatoid component and
tumor stage/size.

In the cancer-specific survival (CSS) analysis, patients
who died of RCC-unrelated causes or were lost to follow-
up were censored. Recurrence-free survival (RFS) was
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Fig. 1 Hematoxylin—eosin stain-
ing of LS (A) and HS (B) ccRCC
(10X). (LS=1low sarcomatoid;
<20% of sarcomatoid compo-
nent). (HS=high sarcomatoid;
>20% of sarcomatoid component)

calculated from the date of surgery to the date of disease
recurrence. Disease recurrence was assessed radiographi-
cally (using CT scan or MRI) with a surveillance sched-
ule based on EAU guidelines. Estimates of CSS and RFS
were calculated according to the Kaplan—Meier method and
compared with the log-rank test. Multivariable analysis was
performed using the Cox proportional hazards regression
models to identify the most significant variables for predict-
ing CSS and RFS. Sarcomatoid percentage was both used as
a continuous or categorical variable. A backward selection
procedure was performed with removal criterion P>0.10
based on likelihood ratio tests. A P-value of <0.05 was con-
sidered statistically significant.

Statistical tests were performed using MedCalc 19.6.3
(MedCalc software, Mariakerke, Belgium) and PASW 18
software (PASW 18, SPSS, Chicago, IL, USA).
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Written informed consent to take part was given by all
participants. The protocol for the research project has been
approved by the local Ethics Committees and conforms to
the provisions of the Declaration of Helsinki.

Results

A total of 212 patients were included, of which 117 HS
(55.2%) and 95 LS (44.8%). Most of the patients underwent
radical nephrectomy (n=184, 86.8%). No case of residual
disease after nephrectomy was found. The analysis of global
population, showed a male predominance and advanced
T-stage in patients with sarcomatoid ccRCC (Table 1).
ROC analysis for CSS identified a cut-off of 20% for sar-
comatoid component (AUC=0.61, 95%CI=0.53-0.67;
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Table 1 Clinical and pathological characteristics of patients with sar-
comatoid CcRCC

High Sar- Low P-value
comatoid  Sarcomatoid
(=20%) (<20%)
N=117 N=95
Gender
Male 72 63 (66.3%) 0.5
(61.5%)
Age at diagnosis
Median 62 64 0.03
95% CI 57-64 58-67
% Sarcomatoid Features, 45% 10% 0.001
Median
Primary Tumor Size,
Median 10 cm 8 cm 0.001
95% CI 7-8 9-11
Pathologic Tumor Stage
T1 13 17 (17.9%) 0.0006
T2 (11.2%) 18 (18.9%)
T3 15 51 (53.7%)
T4 (12.8%) 9 (9.5%)
50
(42.7%)
39
(33.3%)
Pathologic Nodal Involvement
NO 91 (78%) 83 (87.4%) 0.1
N1 26 (22%) 12 (12.6%)
Histology
Clear Cell 117 95 (100%) 1.0
(100%)
First-Line Systemic Therapy
ICI-Based Combinations 11 (9.4%) 12(12.6%) 0.07
(ICBC) 101 81 (85.3%)
TKI (Excluding ICBC) 86.3%)  2(2.1%)
No therapy 5(4.3%)
Recurrence-Free Survival
Median 11 months 32 months  <0.0001
95%CI 10-14 18.5-35.8
Cancer-Specific Survival
Median 16 months 41 months  <0.001
95%CI 15-17 3545

ICI=Immune Checkpoint Inhibitor; TKI=Tyrosine Kinase Inhibitor

P=0.006). Similarly, a cut-off of 20% was identified for
RFS (AUC=0.60, 95%CI=0.51-0.69; P=0.01).

HS patients had larger masses than LS patients (P=0.001).
All patients were subjected to lymph node dissection and
no statistically significant difference in nodal involvement
between the two groups was found (P=0.1).

Statistically significant differences resulted between the
PSC and clinical stage (P=0.003; Spearman correlation:
rs=0.23, P=0.001), and tumor size (P<0.0001; Spearman
correlation: rs=0.21, P=0.004).

The median CSS was longer in LS group compared to
HS (41 vs. 16 months, P<0.0001). The median RFS was
32 months in LS and 11 months in HS patients (P<0.0001).
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Kaplan—Meier survival curves stratified by abundance of
sarcomatoid component, showed that CSS and RFS were
significantly decreased in patients with sarcomatoid compo-
nent>20% (both P<0.0001) (Fig. 2A and B). When patients
were stratified according to pathological stage (pT1-2 and
pT3-4), PSC>20% was associated with higher risk of death
(Fig. 2C and D) (P=0.01 and P<0.0001, respectively).

At multivariable analysis by Cox regression modeling,
including PSC, tumor size, age, T and N stage as predefined
variables, the abundance of sarcomatoid component when
evaluated as a continuous or categorical variable, was an
independent adverse prognostic factor for CSS (HR=1.03,
P<0.0001; and HR=3.36, P<0.0001, respectively) and
RFS (HR=1.01, P=0.0001; and HR=2.82, P=0.0001,
respectively) (Table 2).

Discussion

The prognosis of sRCC is poor and in about 60—-80% of
cases this tumor is diagnosed in locally advanced or meta-
static stage [3].

The scarcity of data on this aggressive variant of RCC
highlights the urgent need to acquire additional informa-
tion about the molecular mechanisms underlying its devel-
opment, and to identify specific biomarkers for diagnostic
purposes and risk assessment. In recent years, the use of
high-throughput platforms has provided novel evidence that
sRCC is characterized by a distinct molecular pathogenesis,
and different mutational and transcriptional profiles com-
pared to non-sRCC [4, 5].

The recent findings of an integrative molecular character-
ization of SRCC, showed that this tumor harbor distinctive
molecular features including BAP1, CDKN2A, and Hippo
pathway mutations. Moreover, sSRCC exhibited an increased
expression of MYC-regulated transcriptional programs
and an immune-inflamed phenotype highly responsive to
immune checkpoint inhibitors (ICIs) [5, 6].

Previous retrospective studies have shown reduced CSS
in relation to the percentage of sarcomatoid component.
However, these reports evaluated patients with different his-
tologic subtypes and included both metastatic and non-met-
astatic cases. Abidi et al. [7], evaluated for the first time the
prognostic role of PSC on overall survival of patients with
localized and metastatic SRCC. These authors used a cut-
point of 10% for patients stratification and found that sub-
jects with PSC>10% had reduced OS compared to patients
with PSC<10% (P=0.04).

Another retrospective study found in a small cohort of
patients with sSRCC that a PSC>25% was an independent
predictor of poor OS in a non-metastatic setting (HR=2.07,
P=0.48) [8]. However, this study showed that PSC had
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Fig. 2 Kaplan-Meier cancer-specific survival (CSS) curves, stratified
by abundance of sarcomatoid component (LS vs. HS) (A). Kaplan-
Meier recurrence-free survival (RFS) curves, stratified by abundance
of sarcomatoid component (LS vs. HS) (B). Kaplan-Meier cancer-
specific survival (CSS) curves, stratified by abundance of sarcoma-

no prognostic role in metastatic disease. Zhang et al. [9]
showed that in patients with grade 4 RCC with or without
visceral metastases at diagnosis, sarcomatoid differentia-
tion was associated with adverse survival in a multivariable
model (HR=1.58, P<0.001). In addition, this study demon-
strated that the abundance of sarcomatoid component (PSC
cut-off =30%) was an independent prognostic factor for
CSS (HR=1.06, P=0.028).

More recently, a study explored the prognostic role and
the biological basis of sarcomatoid heterogeneity in a cohort
of patients with both localized and metastatic sSRCC. When
analyzed as a continuous variable, PSC was associated with
reduced OS (HR=1.02, P<0.001) and metastasis free sur-
vival (HR=1.02, P=0.02) [9].

To better define the molecular characteristics underlying
the sarcomatoid heterogeneity, bulk RNA sequencing and

toid component (LS vs. HS), in pT1-2 patient population (C). Kaplan-
Meier cancer-specific survival (CSS) curves, stratified by abundance
of sarcomatoid component (LS vs. HS), in pT3-4 patient population

(D)

GSEA [11] were performed in HS and LS RCC (PSC cut-
off=10%) [10]. c-Myc targets, EMT program, and mTOR
pathway were significantly enriched in HS vs. LS tumors. In
addition, HS RCC showed enrichment in complement sys-
tem activation [12—14] and in different metabolic processes
including glycolysis and fatty acid metabolism [15, 16].
Conversely, LS tumors were enriched for hypoxia-depen-
dent signaling, oxidative phosphorylation, and angiogenesis.

Our study evaluated whether grade 4 RCC subclassifi-
cation based on the intratumoral abundance of sarcomatoid
features could have a prognostic implication using a cutpoint
of 20% for PSC. Compared to previous studies, we enrolled
only patients with non-metastatic disease and with clear
cell histology. Our results showed that for all patients with
grade 4 RCC, the presence of sarcomatoid component was
associated with an increased risk of death and recurrence. In
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Table 2 Cox multivariable linear regression models for survival using
sarcomatoid percentage as a continuous variable and sarcomatoid per-
centage as a categorical variable (<20%, >20%)

Cancer-specific Survival - Sarcomatoid Percentage as a Con-
tinuous Variable

Variable Value Hazard Ratio p-value
(95%CI)

Sarcomatoid Continuous  1.03 (1.01-1.04)  <0.0001

Percentage

Tumor Size (cm) Continuous  1.02 (0.98-1.06)  0.08

T Stage 3-4vs.1-2  1.51(1.18-92) 0.001

N Stage N+vs. NO 0.65 (0.41-1.06)  0.08

Age Continuous  0.98 (0.95-1.00)  0.07

Recurrence-free Survival - Sarcomatoid Percentage as a Con-
tinuous Variable

Variable Value Hazard Ratio p-value
(95%CI)

Sarcomatoid Continuous  1.01 (1.0-1.02) 0.0001

Percentage

Tumor Size (cm) Continuous ~ 1.06 (1.01-1.12)  0.07

T Stage 34 vs. 1-2  2.26(1.48-3.49) 0.001

N Stage N+vs. NO 0.95 (0.65-1.41)  0.09

Age Continuous  0.98 (0.96-1.18)  0.09

Cancer-specific Survival - Sarcomatoid Percentage as a Cat-
egorical Variable

Variable Value Hazard Ratio p-value
(95%CI)
Sarcomatoid High 3.36 (1.64-6.81)  <0.0001
Percentage (>20%) vs.
Low (<20%)
Tumor Size (cm) Continuous ~ 1.02 (0.98-1.07)  0.09
T Stage 34vs. 1-2  2.63(1.67-4.13)  0.001
N Stage N+vs. NO 1.01 (0.97-1.24)  0.07
Age Continuous  0.97 (0.94-1.00)  0.09

Recurrence-free Survival - Sarcomatoid Percentage as a Cat-
egorical Variable

Variable Value Hazard Ratio p-value
(95%CI)
Sarcomatoid High 2.82 (1.98-5.82)  0.0001
Percentage (=20%) vs.
Low (20%)
Tumor Size (cm) Continuous  0.98 (0.94-1.08)  0.07
T Stage 34vs.1-2  2.27(1.53-3.56)  0.001
N Stage N-+vs. NO 0.78 (0.53-1.15) 0.1
Age Continuous  0.97 (0.95-1.01)  0.08

particular, we classified our population on the basis of the
intratumoral abundance of sarcomatoid component using
a 20% cutoff. Kaplan—Meier survival curves showed that
CSS and RFS were significantly decreased in patients with
sarcomatoid component>20% and these differences were
confirmed also in subgroup analyses for pathological stage.
Multivariate analysis confirmed the role of intratumoral
abundance of sarcomatoid component as independent risk
factor for CSS and RFS.

@ Springer

The main limitations of this study include its retrospec-
tive design, the lack of external validation and some vari-
ability among pathologists in evaluating the PSC.

Sarcomatoid RCCs are responsive to ICIs [17, 18] and
are characterized by immune system activation, increased
CD8* T cell infiltration and PD-L1 expression [5, 19].
Unfortunately, in our study the number of patients treated
with adjuvant ICIs was too low for an unbiased statistical
analysis. Thus, additional investigations to evaluated the
impact of PSC on ICIs responsiveness are mandatory.

Conclusions

Sarcomatoid ccRCC is a highly aggressive form of renal
cancer. Our study showed that ccRCC subclassification into
HS versus LS groups had a prognostic impact in terms of
CSS and RFS in non-metastatic ccRCC. Subclassification
based on the abundance of intratumoral sarcomatoid com-
ponent has a clinical significance and its pathological evalu-
ation should be routinely performed.

The integration of this data into clinical nomograms can
improve the prognostic information provided by these tools.

Author contributions Study concept and design: GL Study super-
vision: PD, MBPatient recruitment and acquisition of clinical and
pathological data: FL, MR, MM, MS, Ad’A, GI, FC, SDP, MF, MF,
RAStatistical and data analyses: GL, FLDrafting the manuscript: GL,
FLCeritical revision of the manuscript for important intellectual con-
tent: All authorsAll authors reviewed the manuscript.

Funding Open access funding provided by Universita degli Studi di
Bari Aldo Moro within the CRUI-CARE Agreement.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Ethical approval This study received Institutional Review Board ap-
proval (#2023 —462) and was conducted in accordance with the Dec-
laration of Helsinki.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

World Journal of Urology

(2025) 43:243

Page7of 7 243

References

10.

11.

Siegel RL, Giaquinto AN, Jemal A (2024) Cancer statistics, 2024
[published correction appears in CA Cancer J Clin. 2024 Mar-
Apr;74(2):203]. CA Cancer J Clin 74(1):12-49

Mohanty SK, Lobo A, Cheng L (2023) The 2022 revision of the
world health organization classification of tumors of the urinary
system and male genital organs: advances and challenges. Hum
Pathol 136:123-143

Blum KA, Gupta S, Tickoo SK, Chan TA, Russo P, Motzer RJ,
Karam JA, Hakimi AA (2020) Sarcomatoid renal cell carci-
noma: biology, natural history and management. Nat Rev Urol
17(12):659-678

Wang Z, Kim TB, Peng B et al (2017) Sarcomatoid renal cell
carcinoma has a distinct molecular pathogenesis, driver muta-
tion profile, and transcriptional landscape. Clin Cancer Res
23(21):6686-6696

Bakouny Z, Braun DA, Shukla SA et al (2021) Integrative molec-
ular characterization of sarcomatoid and rhabdoid renal cell car-
cinoma. Nat Commun 12(1):808

Lucarelli G, Lasorsa F, Milella M et al Transcriptomic and proteo-
metabolic determinants of the grading system in clear cell renal
cell carcinoma. Urol Oncol. Mar 12:S1078-1439(25)00065—1.
Epub ahead of print

Adibi M, Thomas AZ, Borregales LD, Merrill MM, Slack RS,
Chen HC, Sircar K, Murugan P, Tamboli P, Jonasch E, Tannir
NM, Matin SF, Wood CG, Karam JA (2015) Percentage of sarco-
matoid component as a prognostic indicator for survival in renal
cell carcinoma with sarcomatoid dedifferentiation. Urol Oncol
427.e17-23

Kim T, Zargar-Shoshtari K, Dhillon J, Lin HY, Yue B, Fish-
man M, Sverrisson EF, Spiess PE, Gupta S, Poch MA, Sexton
WIJ (2015) Using percentage of sarcomatoid differentiation as a
prognostic factor in renal cell carcinoma. Clin Genitourin Cancer
13(3):225-230

Zhang BY, Thompson RH, Lohse CM, Leibovich BC, Boorjian
SA, Cheville JC, Costello BA (2015) A novel prognostic model
for patients with sarcomatoid renal cell carcinoma. BJU Int
115(3):405-411

Salgia NJ, Aubrecht WM, Wang L, Ram B, Wasik BJ, Khan A,
Attwood K, Daza J, Long MD, Eng KH, Xu B, Muhitch JB,
Kauffman EC (2024) Stratification of patients with renal cell
carcinoma by the abundance of sarcomatoid features reveals dif-
ferences in survival and the underlying pathobiology. Eur Urol
Oncol 7(5):973-977

Subramanian A, Tamayo P, Mootha VK et al (2005) Gene set
enrichment analysis: a knowledge-based approach for interpret-
ing genome-wide expression profiles. Proc Natl Acad Sci U S A
102(43):15545-15550

13.

14.

15.

16.

17.

18.

19.

Lasorsa F, Rutigliano M, Milella M, Ferro M, Pandolfo SD, Cro-
cetto F, Simone S, Gesualdo L, Battaglia M, Ditonno P, Lucarelli
G (2023) Complement system and the kidney: its role in renal
diseases, kidney transplantation and renal cell carcinoma. Int J
Mol Sci 24(22):16515

Lucarelli G, Netti GS, Rutigliano M, Lasorsa F, Loizzo D,
Milella M, Schirinzi A, Fontana A, Di Serio F, Tamma R, Ribatti
D, Battaglia M, Ranieri E, Ditonno P (2023) MUC1 Expression
Affects the Immunoflogosis in Renal Cell Carcinoma Microen-
vironment through Complement System Activation and Immune
Infiltrate Modulation. Int J Mol Sci. Mar 2;24(5):4814

Netti GS, Lucarelli G, Spadaccino F, Castellano G, Gigante M,
Divella C, Rocchetti MT, Rascio F, Mancini V, Stallone G, Car-
rieri G, Gesualdo L, Battaglia M, Ranieri E PTX3 modulates the
immunoflogosis in tumor microenvironment and is a prognostic
factor for patients with clear cell renal cell carcinoma. (2020)
aging (Albany NY). 12(8):7585-7602

di Meo NA, Lasorsa F, Rutigliano M, Loizzo D, Ferro M, Stella
A, Bizzoca C, Vincenti L, Pandolfo SD, Autorino R, Crocetto F,
Montanari E, Spilotros M, Battaglia M, Ditonno P, Lucarelli G
(2022) Renal cell carcinoma as a metabolic disease: an update on
main pathways, potential biomarkers, and therapeutic targets. Int
J Mol Sci 23(22):14360

Lucarelli G, Ferro M, Loizzo D, Bianchi C, Terracciano D, Can-
tiello F, Bell LN, Battaglia S, Porta C, Gernone A, Perego RA,
Maiorano E, Cobelli O, Castellano G, Vincenti L, Ditonno P,
Battaglia M (2020) Integration of Lipidomics and Transcriptomics
Reveals Reprogramming of the Lipid Metabolism and Composi-
tion in Clear Cell Renal Cell Carcinoma. Metabolites10(12):509

Lasorsa F, di Meo NA, Rutigliano M, Milella M, Ferro M,
Pandolfo SD, Crocetto F, Tataru OS, Autorino R, Battaglia M,
Ditonno P, Lucarelli G (2023) Immune checkpoint inhibitors in
renal cell carcinoma: molecular basis and rationale for their use
in clinical practice. Biomedicines 11(4):1071

Motzer RJ, Banchereau R, Hamidi H, Powles T, McDermott
D, Atkins MB, Escudier B, Liu LF, Leng N, Abbas AR, Fan J,
Koeppen H, Lin J, Carroll S, Hashimoto K, Mariathasan S, Green
M, Tayama D, Hegde PS, Schiff C, Huseni MA, Rini B (2020)
Molecular subsets in renal Cancer determine outcome to check-
point and angiogenesis Blockade. Cancer Cell 38(6):803—-817¢4

Lasorsa F, Rutigliano M, Milella M, Ferro M, Pandolfo SD, Cro-
cetto F, Tataru OS, Autorino R, Battaglia M, Ditonno P, Lucarelli
G (2023) Cellular and molecular players in the tumor microenvi-
ronment of renal cell carcinoma. J Clin Med 12(12):3888

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	﻿The percentage abundance of sarcomatoid component has a prognostic role in grade 4 non-metastatic clear cell-renal carcinoma
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


