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Introduction: Renal clear cell carcinoma (ccRCC) is a common tumor of the urinary 
system, most of which are primary malignant tumors with high metastatic rate and remaining 
incurable. Ferroptosis is a newly discovered form of iron-dependent programmed cell 
necrosis in recent years, which is inextricably linked to the occurrence and development of 
tumors progression. Due to the complexity of the interaction between genes in ccRCC, the 
research on the pathogenesis of ccRCC is still not remarkably accurate. Therefore, whether 
ferroptosis-related genes (FRGs) can play a role in predicting prognosis in ccRCC needs to 
be discussed.
Methods: We entered the Cancer Genome Mapping Project (TCGA) database and down-
loaded the relevant genes and clinical research data of ccRCC patients. Lasso Cox regression 
was used to construct a multi-gene prognostic model in the TCGA cohort. R language 
software was used for drawing pictures related to our study.
Results: Most of the genes involved in ferroptosis (86.2%) existing differences between the 
tumor and normal tissues in the TCGA public gene database. In terms of univariate Cox 
regression analysis, 20 differentially expressed genes (DEGs) were associated with prognosis 
and survival (P<0.05). A prognostic model of 12 FRGs was constructed, and patients were 
segmented into two different groups depending on how risky they are. Considering overall 
survival, the high-risk group is dramatically lower than the low-risk group (P<0.001). In 
multivariate Cox regression analysis, risk scores and stage turned out be an independent 
prognostic factor (P<0.001). GO and KEGG analysis and ssGSEA analysis of DEGs revealed 
that these genes were related to immune-related pathways (P<0.05).
Conclusion: This study established and identified the changes in FRGs expression and 
prognostic factors of ccRCC, which can be helpful for prognosis evaluation and clinical 
treatment of this disease.
Keywords: renal clear cell carcinoma, ferroptosis, TCGA database, the prognosis

Introduction
The incidence and mortality of renal cell carcinoma (RCC) are rising year after year 
recently, which seriously affects human health. RCC as a common and refractory 
malignant tumor of urinary, is among the 10 most common cancers in human,1 

which comprises a diverse group of malignancies arising from the nephron, 
accounting for about 3% of all malignancies.2 The incidence of RCC varies 
regionally, Northern Europe and North America encountered with the highest 
rates whereas Asia and Africa with the lowest. Approximately 3–5% of the 
incidence of RCC is believed to be genetic.3 The main types of RCC are divided 
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into three broad categories, including clear cell RCC 
(ccRCC), papillary RCC, and chromophobe RCC.4 The 
most familiar type of RCC is ccRCC, accounting for 
about 75% of the pathological types of renal carcinoma, 
and has the worst prognosis in the common epithelial 
neoplasms of the kidney.5 The incidence of RCC is 
rising year by year globally. Although early diagnosis 
and successful urological surgery with partial or total 
nephrectomy can save lives, only about 10% of patients 
with RCC show characteristic clinical symptoms. 
Unfortunately, more than 60% of patients are incidentally 
found on routine ultrasound.6 There are many causes for 
the high mortality rate in RCC, the main of them is that 
traditional chemotherapy and radiotherapy are unavailabil-
ity to a large extent in treating all RCC subtypes.7 

Therefore, tumor screening and prevention measures are 
largely dependent on the causes of tumor occurrence. 
Between 25% and 30% of ccRCC patients are found to 
have metastases at the time of their first visit. Although the 
mechanism of cancer occurrence and development has 
been deeply researched, the pathogenesis and carcinogen-
esis of ccRCC remain unclear.8 Therefore, given the high 
morbidity and mortality of ccRCC, exploration of mole-
cular markers with prognostic value for immune response 
in patients with ccRCC, as well as finding the development 
of novel prognostic models remains critical.

Ferroptosis is a specific way of regulated cell death 
(RCD) that relies on oxidized iron, reactive oxygen spe-
cies and lipid peroxidation products that can be accumu-
lated to lethal levels in the process.9,10 As a newly 
discovered form of RCD, ferroptosis is involved in 
human development, immunity, aging, and various patho-
logical processes, has a pivotal position in maintaining 
normal cell and tissue survival. Emerging evidence sug-
gests that several carcinogenic pathways are involved in 
ferroptosis, which plays an important role in inhibiting 
tumorigenesis and being explored continuously as a new 
therapeutic approach to eliminate obstinate cancer cells.11 

Ferroptosis also plays a key role in inhibiting tumorigen-
esis by removing cells from the environment that are 
deficient in nutrients or have been impaired by infections 
or suffered external pressures.12,13 In recent years, ferrop-
tosis is inseparable from a variety of kidney diseases, such 
as acute kidney injury, polycystic kidney disease, and 
RCC.14 Research showed that RCC is particularly impres-
sionable to ferroptosis, ccRCC can become sensitive to 
ferroptosis cell death by inhibiting glutathione synthesis 
and ultimately preventing tumor growth, such as silence of 

genes coding for glutathione peroxidases, GPX3 and 
GPX4.15 There has new evidence that immunotherapy is 
a premier treatment of choice for metastatic ccRCC. 
Studies have shown that increased ferroptosis and immune 
activation can be synergically enhanced in killing cancer 
cells. For example, depletion of NCOA4, an autophago-
some gene involved in ferritin phagocytosis, can weaken 
ferroptosis by eliminating iron accumulation.15 However, 
reports about the role of FGRs in the prognosis of patients 
with ccRCC are still in the minority.

In this study, the mRNA gene expression profile of 
ccRCC patients in TCGA database was analyzed, and the 
influence of age, gender and other significantly differen-
tially expressed genes related to ferroptosis on the prog-
nosis of patients was explored. The purpose is to provide 
a new reference index for prognostic risk stratification, 
prognosis assessment and treatment strategy selection in 
patients with ccRCC.

Materials and Methods
Database
After login TCGA website, we organized a choice for 
kidney renal clear cell carcinoma (KIRC), which is 
equivalent to ccRCC, download as of February 1, 2021 
(https://portal.gdc.cancer.gov), 530 cases of transcriptome 
patients with KIRC data. Perl software was used to convert 
the genetic data of related samples into matrix files. 
According to the Ensembl database (http://www.ensembl. 
org/) convert “Ensembl_Stable_id” into “Gene Symbol” in 
the mRNA file, and then organized it into a unique one. 
There involved 72 clinically relevant normal samples and 
539 tumor samples. The samples were mainly from people 
with KIRC in America. Use normalized reads to count 
values. Since the TCGA database is publicly accessible 
to obtain open access data, no ethical review or approval is 
required for this study. TCGA’s data is publicly queryable. 
The study followed TCGA’s data access policy and pub-
lication guidelines.

Construction and Verification of a Novel 
Prognostic FRG Survival Model
A total of 60 genes related to ferroptosis were obtained by 
reading the literature.16–18 The “Limma” package of 
R language was applied to process the relevant data. We 
performed Wilcox differential analysis on FRGs from 
normal and tumor samples, and set false detection rates 
(FDR) as 0.05, Benjamini and Hochberg (BH) method 
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was performed to estimate the FDR value. After the 
correction and adjustment of P value by BH method, the 
corrected threshold P. adj.<0.05, and the information of 
differentially expressed genes (DEGs) was preserved after 
filtering. The overall survival (OS) rates for different 
genes were calculated based on univariate Cox analysis, 
and the “Survival” of R language software was performed 
to establish a prognosis model. Used the “Venn” package 
in R language to draw the Venn map of ferroptosis-related 
DEGs and prognostic genes, as the same time preserved 
the related information of the intersection genes. 
Prognostic risk characteristics were assessed by using 
the “GLMnet” package and the “Survival” package of 
R language, based on the minimum absolute contraction 
and selection operator (Lasso) method.17 The formula of 
specific risk score is as follows: esum (the expression of 
the selected FRG × corresponding coefficient), the gene 
expression coefficients were output during cross valida-
tion after adjusting for minimum error points.16 Then, the 
risk score of each ccRCC patient was calculated on the 
basis of the formula, and the median score was taken as 
the cut-off value to divide them into low-risk and high- 
risk groups. “SurvMiner” and “Survival” of R language 
were used to analyze the data of patients in the high and 
low-risk groups, and survival curves were drawn to ana-
lyze whether there was a difference in survival rate 
between the two groups. The 3-year ROC curve was 
plotted with the “timeRoc” of R package to evaluate the 
accuracy of related genes in estimating patients’ survival 
time. Based on the different gene expression of patients in 
the two groups, the R packet “Rtsne” and “ggplot2” were 
used to reduce the dimension of the data, PCA and t-SNE 
analysis were performed to investigate whether there were 
distribution differences between the two risk groups of 
patients.

GO and KEGG Enrichment Analysis of 
Related Differential Genes
The software package “Clusterprofiler” of R was applied 
to perform gene ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) results for visualization 
of the different genes between the two different risk 
patients, and relevant graphs were drawn subsequently. 
The “GSVA” and “GSEABASE” of R package were 
used to score the relevant differential genes, explore the 
different immune cells and immune functions of the two 
groups, and draw the relevant graphs.19

Statistical Analysis
To determine whether there are differences in gene expres-
sion between tumor and normal tissues, we used Student’s 
t-test to analyse the corresponding tissue. We aimed to 
compare the difference of gene proportion among patients 
with different tissues by Chi-square test. SsGSEA scores 
of immune cells or pathways were compared between the 
two risk level groups by using Mann–Whitney test with 
adjusted P values after using BH method. The OS rate 
between the patients with different risk levels was identi-
fied by Kaplan–Meier method and bilateral Log rank test. 
In order to confirm the independent predictors of OS, 
univariate and multivariate Cox regression analyses were 
utilized. R software (Version 4.0) was used to complete the 
statistical analysis, the result was considered to statistically 
significant while P<0. 05, and all P values were double- 
tailed distribution.

Results
To systematically describe our study, we developed a flow 
chart (Figure 1). As a result, we enrolled a total of 537 
KIRC patients from the TCGA-LIHC cohort finally. The 
detailed clinical features of these patients, such as age, sex, 
and tumor stage are introduced in Table 1.

Identification of Differential Prognostic 
Genes Associated with Ferroptosis
According to various relevant indicators, the FRGs in the 
TCGA cohort were screened out and identified in Figure 2. 
Notably, the gene expression of FRGs was discrepantly 
expressed between tumor tissues and neighbouring normal 
tissues, which encountered statistical significance. Most of 
the genes associated with ferroptosis were differentially 
expressed (50/58, 86.2%) (Figure 2A), considering the 
criteria for FDR <0.05 and [log2 (fold change)]>1, we 
finally obtained 26 regulated FRGs, heatmaps of these 
FRGs between normal tissue and ccRCC were illustrated 
(Figure 2B), with blue squares representing the low 
expressed genes and red for the high expressed genes. 
After univariate Cox regression analysis, 26 genes of 
them were confirmed to be related to OS (Figure 2C). 
Therefore, these 26 genes were included in the subsequent 
prognostic analysis. The interaction network diagram 
among these genes hinted out ACACA, FADS2, HMGCR 
and ACSL3 as the central genes (obtained by MCC algo-
rithm in Cytoscape software) (Figure 2D). Furthermore, 
Figure 2E shows the correlations between these genes.
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Construction of the TCGA Prognostic 
Model
According to the expression arrays of 26 genes obtained 
from the previous analysis, the prognosis model was estab-
lished by Lasso Cox regression analysis. After regression 
analysis, the optimal 12 genes and their corresponding 
correlation coefficients were obtained (Figure 3). The 
risk score was expressed as the corresponding gene multi-
plied by its coefficient, such as (AKR1C1×-0.0527) + 
(CARS1×0.7691) + … + (NOX1× 0.2608). After remov-
ing samples with incomplete clinical data, patients were 
grouped into two different risk groups, according to the 
median risk score in the available data, both high- and 
low-risk groups involved 263 cases (Figure 3A). As illu-
strated in Figure 3B, patients with a high-risk score had 
shorter survival times but higher mortality rates than those 
with low-risk scores. When another survival analysis was 
performed, for instance, the likelihood of survival shown 
by the Kaplan–Meier curve, survival was significantly 
higher in the low-risk group than in the high-risk group 
(P<0.001, Figure 3C). The ROC curve was applied to 

evaluate the predictive property of the OS risk score. The 
area under the curve (AUC) was 0.782 within 1 year, 
0.740 within 2 years, and 0.743 within 3 years 
(Figure 3D). After PCA and T-SNE analysis, FRGs were 
reduced their dimension, then we found that patients in 
different risk groups were distributed in two different 
orientations (Figure 3E and F).

Independent Prognostic Analysis of 12 
Genes
To determine whether risk score could be used as an 
overall prognostic predictor independent of survival, we 
utilized univariate and multivariate Cox regression ana-
lyses to evaluate existing clinical indicators. In univariate 
Cox regression analysis, age group (>65 vs ≤65 years) 
showed HR = 1.638, 95% CI = 1.210–2.218, P = 0.001; 
gender (male/female) group, HR = 0.945, 95% CI = 
0.691–1.291, P = 0.721; grade group (G3/G4 vs G1/G2), 
HR = 2.647, 95% CI = 1.872–3.742; stage group (III/IV vs 
I/II, HR = 3.938, 95% CI = 2.854–5.432, P < 0.001; risk 
group (high vs low), HR=3.469, 95% CI = 2.764–4.356 

Figure 1 Specific data collection and analysis flow chart.
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(p<0.001, Figure 4A). In multivariate Cox regression ana-
lysis, age group (>65 vs ≤65 years) showed HR = 1.455, 
95% CI = 1.073–1.971, P = 0.016; grade group (G3/G4 vs 
G1/G2), HR = 1.394, 95% CI = 0.959–2.026, P = 0.081; 
stage group (III/IV vs I/II), HR = 2.584, 95% CI = 1.835– 
3.640, P < 0.001; risk group (high vs low), HR = 2.624, 
95% CI = 2.039–3.377 (P < 0.001, Figure 4B). In conclu-
sion, after adjusting for other confounding factors, age, 
stage and risk scores can be confirmed as the independent 
prognostic factor.

Functional Analysis
In order to understand the biological functions and 
mechanisms between DEGs and ccRCC, we used GO 
enrichment analysis and KEGG pathway analysis on the 
DEGs underlying the different risk groups in this study. 
GO enrichment analysis divided into three parts, including 
cellular component (CC), molecule function (MF) and 
biological processes (BP), and the main biological pro-
cesses involved them include a series of immune responses 
as shown in Figure 5A. (P. adjust < 0.05). Results of the 
KEGG pathway analysis revealed that DEGs were most 

significantly enriched in the following several pathways: 
cytokine–cytokine receptor interaction, viral protein inter-
action with cytokine and cytokine receptor, IL-17 signal-
ing pathway (Figure 5B, P. adjust <0.05). Among them, 
the IL-17 signaling pathway, complement and coagulation 
cascades, NF-kappa B signaling pathway are obviously 
related to the mechanism of inflammation and immune 
response.

To explore whether there were differences in immune- 
related states between the two groups of patients at differ-
ent risk, ssGSEA analysis was used to score different 
immune cells and related immune pathways similarly 
(Figure 6). In terms of antigen presentation process, there 
were significant differences in ADCs, Macrophages, Tfh, 
APC_CO_stimulation, Cytolytic_activity and inflamma-
tion-promoting between the two different risk groups, 
and the high-score group has higher immunization grades 
than the low-score group. Furthermore, on ssGSEA analy-
sis, the high-risk group also has significantly higher scores 
of inflammation-promoting and parainflammation than 
those in the low-risk group, which correspond to the 
enrichment of KEGG in the three inflammation-related 
pathways. In conclusion, among the results with signifi-
cant differences, except the scores of iDCs, Mast_cells and 
Type_II_IFN_Response in the high-risk group were less 
than those in the low-risk group, all other scores were 
higher in the former than those in the latter.

Discussion
In the existing study, we integrated 60 ferroptosis-related 
genes (FRGs) through database mining and literature 
search, and systematically analysed the 60 FRGs expres-
sion in ccRCC tissue and its relationship with prognosis of 
survival through Cox and Lasso regression model, ulti-
mately selected 12 pivotal FRGs related to prognosis, 
successfully build a ccRCC prognosis prediction model. 
The result demonstrates that the high-risk group encoun-
tered obviously lower OS time than the low-risk group, 
predicts ccRCC patients within 3 years of survival rate of 
the area under the ROC curve AUC were greater than 0.7, 
suggests the model has a valid sensitivity and specificity of 
ideal model. Prognostic models of 12 FRGs were con-
structed and validated in an external cohort.

In addition, immune related pathways were found to be 
enriched in functional analysis. Some genes may induce or 
inhibit ferroptosis in tumors by regulating certain inhibitors, 
but their relevance to patient survival outcomes remains 
unclear. Notably, more than three-quarters (86.2%) of 

Table 1 Clinical Characteristics of Patients with KIRC Selected 
from the TCGA Cohort

TCGA Cohort

No. of patients 537

Age (years)
≤60 266

>60 271

Gender, n(%)

Female 191(35.6)
Male 346(64.4)

Grade, n(%)
I 14(2.6%)

II 230(42.)

III 207(38.5)
IV 78(14.6)

Unknown 8(1.5)

Stage, n(%)

I 269(50.0)

II 57(10.6)
III 125(23.3)

IV 84(15.6)

Unknown 3(0.5)

Survival status

OS days (median) 1173
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Figure 2 Identification of candidate FGRs in TCGA cohort. (A) The Venn diagram demonstrated the relationship between prognostic genes and DEGs. (B) The heat map 
shows the expression difference of 26 intersection genes in different tissues. (C) Univariate regression forest plot of 26 intersection gene expression. (D) The network of 26 
candidate genes downloaded from STRING database, stray genes has been removed. (E) Demonstration of candidate gene-related networks, different colors represent 
different correlation coefficients.
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FRGs had differential expression in ccRCC tissues and 
adjacent non-tumor tissues, and 52% of the DEGs were 
significantly differentially expressed in univariate regression 

Cox analysis related to survival prognosis. This suggests that 
ferroptosis has a potential role in ccRCC. Therefore, it is 
meaningful to model the prognosis of ccRCC by FRGs.

Figure 3 Construction of survival and prognosis of the 12FGRs in the TCGA cohort. (A) Risk score distribution of ccRCC patients. (B) The distributions of OS-related 
indicators. (C) Kaplan–Meier curves for different risk groups. (D) The time-dependent ROC curves of patients with different risk levels, AUC of the curves indicated that 
the model has high accuracy. (E) PCA plot and (F) t-SNE analysis of the prognosis model confirmed that the distribution of patients in the two risk groups was discrete.
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The prognosis model constructed in this study was 
composed of 12 FGRs, including AKR1C1, CARS1, 
CD44, DPP4, FANCD2, HMGCR, MT1G, NCOA4, 
SLC7A11, ACACA, NOX1, GOT1. There are relevant 
studies to confirm that AKR1C1 expression level is 
strongly correlated between AKR1C1 expression level, 
cell malignant transformation and resistance to cancer 
therapy, and AKR1C family serves as a new therapeutic 
target holding great promise in cancer treatment.20 CD44 
expression has the effect of suppressed ferroptosis through 
relying upon OTUB1 manner in cancer cells.21 It is 
located in the basal membrane and lateral membrane of 
the kidney, and is a marker for cancer stem cell-like cells 
in RCC. In healthy individuals, CD44 is almost not 
expressed in the kidney, but is highly expressed in 
ccRCC, which may be related to the elevated expression 
levels of MMP2 and MMP9.22 Owing to DPP4 activity in 
human urine is positively correlated with a number of 
indicators for evaluating the renal function, such as 
serum creatinine levels, proteinuria, therefore DPP4 activ-
ity in urinary could be viewed as a biomarker to predict 

and judge the occurrence and progression of renal 
disease.23 Ferroptosis was inhibited when DPP4 activity 
was blocked by the tumor suppressor p53.24 As 
a nucleoprotein involved in DNA damage repair, 
FANCD2 can protect bone marrow stromal cells 
(BMSCs) from ferroptosis-mediated injury. Mechanically, 
FANCD2 mainly inhibits iron accumulation and lipid per-
oxidation during fertilization through transcription- 
dependent and non-dependent mechanisms. FANCD2- 
deficient BMSCs were more sensitive to ferroptosis 
induced by erastin and had increased DNA damage.25 

The expression of MT1G in renal clear cell carcinoma 
cells was higher than that in other histologic tumor sub-
types (P<0.05) and may be an important prognostic factor 
for ccRCC.26 It has been reported that when ferritin pha-
gocytosis of NCO4-related genes in ccRCC is in a low 
expression state, it can reduce immune cell infiltration and 
lead to impaired IFN-γ receptor signaling pathway. 
Therefore, NCOA4 is expected to serve as a new biomar-
ker to identify those patients who are potentially suitable 
for the ferroptosis-induction therapy or combined 
immunotherapy.15 Cysteine, as a precursor of glutathione, 
can be converted from cysteine transported into the cell by 
the Xc– system.27 This system is constituted of the light- 
chain subunit SLC7A11 and the heavy-chain subunit 
SLC3A2. Extracellular cystine is imported with intracel-
lular glutamate release, on account of SLC7A11 is specific 
for the Xc– system, SLC7A11 act as an important trans-
porter to maintain the homeostasis of cystine in cells.28 

SLC7A11 also has been found to be overexpressed in renal 
collecting duct carcinoma compared with matched non- 
tumor tissues.29 Some studies have shown that high 
expression of FANCD2, CARS and SLC7A11, and low 
expression of HMGCR and NCOA4 are associated with 
high-risk ccRCC patients similarly, which is the same as 
the results of our study.30 In conclusion, these genes may 
promote or inhibit the progression of ccRCC to some 
extent, but whether all of these genes can influence the 
prognosis of ccRCC patients through ferroptosis mechan-
ism remains to be further investigated.

The mechanism of tumor susceptibility to ferroptosis has 
been a hot research area in the past literature, but the poten-
tial regulatory mechanism between tumor immunity and 
ferroptosis still remains unclear. When GO and KEGG 
enrichment analysis on the differential risk DEG genes 
was performed, we found that a number of biological path-
ways and functions involved in immunity were associated 
with. Therefore, we can conclude that ferroptosis is tightly 

Figure 4 Cox regression analysis was performed to clarify the influence of many 
factors on the survival of ccRCC patients. (A) Univariate regression analysis. (B) 
Multivariate regression analysis.
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linked to tumor immunity, or ferroptosis may affect the 
progress of ccRCC through immune mechanism. Notably, 
in the ssGSEA analysis, we found significant differences in 
the antigen presentation process between the high- and low- 
risk groups, which may be caused by the ferroptosis cells 
releasing some signals to attract the antigen presenting cells; 
thus, the antigen presentation process occurs, leading to the 
activation of the immune stress response. Recent research 
also suggests that the immune system may prevent tumor-
igenesis in part through ferroptosis mechanisms.31 In addi-
tion, CD8+T cell, macrophages were remarkably higher in 
the high-risk group, which is possibly because CD8+T cell 
accumulation in RCC is associated with disease 

progression,32 CD8+ T cells play a central role in immu-
notherapy, and higher CD8+ T cell levels are associated with 
poorer prognosis in patients with ccRCC33; macrophage 
migration inhibitory factor (MIF), as a cytokine mediating 
the interaction between malignant cells and innate immune 
system, has attracted much attention in recent years for its 
role in tumorigenesis. Negative expression of MIF has been 
proved to be an independent prognostic marker in ccRCC 
patients.34 In addition, higher risk scores were strongly 
associated with inflammation. In KEGG functional analysis, 
FRGs were also enriched in some inflammation-related 
pathways, such as IL-17 and NF-kB signal pathway. 
Studies have shown that IL-17 gene and protein expression 

Figure 5 GO and KEGG analysis results in the TCGA cohort. (A) GO enrichment analysis revealed the biological processes and molecular functions involved in 26 
prognostic-related FRGs; (B) KEGG analysis shown the signaling pathways involved in 26 prognostic-related FRGs.
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Figure 6 The boxplot of ssGSEA scores. (A) Score of 16 immune cells in different risk patients with ccRCC. (B) Different expression in different risk level groups of 13 
immune-related functions; blue represents low risk, red represents high risk; *P< 0.05; **P< 0.01; ***P< 0.001.
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are significantly elevated in the blood and tumors of patients 
with ccRCC,35 and some genes promote the progression of 
ccRCC by regulating the NF-κB signaling pathway.36 Rhein 
has been confirmed that it has the ability to inhibit the 
proliferation of RCC cells through the NF-kB pathway and 
reduce the migration and invasion of RCC cells.37 In con-
clusion, CD8+T cell, macrophages, and inflammatory 
responses may be associated with the poor prognosis of 
ccRCC.

There are still some deficiencies in the process and 
method of this study. First, the establishment of this prog-
nostic model established in our study is limited by race, 
region, sample size and other factors. Therefore, the 
robustness of the model needs to be further improved. 
Second, due to the limitation of clinical data, this study 
did not cover the subtypes of kidney renal clear cell 
carcinoma, so the significance of guiding the treatment 
strategies for specific subtypes remains to be further stu-
died. In a word, 12 prognostic models of FRGs were 
constructed, and independent prognostic factors associated 
with ccRCC were discussed in this study. The potential 
mechanism of FRGs in ccRCC needs further experimental 
study and continuous improvement.
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