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Background: Fat mass and obesity-associated protein (FTO) is a critical N6- 
methyladenosine (m6A) demethylase that participates in tumorigenesis and is associated 
with the prognosis of patients in some cancers. However, the key roles of FTO in pan-cancer 
are still largely obscure.
Methods: FTO expression levels in pan-cancer were estimated via the Genotype-Tissue 
Expression (GTEx), Cancer Cell Line Encyclopedia (CCLE), and The Cancer Genome Atlas 
(TCGA) databases. Univariate survival analysis was used to estimate the effects of FTO on 
prognosis. In addition, we used the Tumor Immune Evaluation Resource (TIMER) to assess 
the immune cell infiltration of FTO gene across cancers. The association of FTO expression 
with immune checkpoint genes expression, DNA mismatch repair (MMR) gene mutation, 
DNA methyltransferases, microsatellite instability (MSI), and tumor mutational burden 
(TMB) was investigated using Spearman’s correlation analysis. Moreover, Gene Set 
Enrichment Analysis (GSEA) was utilized to identify critical pathways in cancers. The 
STRING website was used to reveal the protein–protein interaction (PPI) network of FTO.
Results: FTO was aberrantly expressed across cancers and survival analysis demonstrated 
that its expression was associated with clinical prognosis of many cancer patients. 
Specifically, FTO expression was significantly associated with immune infiltrating cells in 
colon adenocarcinoma, kidney renal clear cell carcinoma, and liver hepatocellular carcinoma. 
In addition, FTO expression was significantly associated with immune checkpoint genes 
expression, MMR, DNA methyltransferases levels, TMB, and MSI in multiple cancers. 
Moreover, the GSEA unveiled that FTO was involved in the regulation of tumors and 
immune-related signaling pathways. In addition, several m6A related genes were implicated 
in the PPI network of FTO.
Conclusion: FTO was related to patients’ prognosis and tumor immune infiltrates in various 
cancers, and may serve as a novel and potential prognostic and immune biomarker in human 
pan-cancer.
Keywords: FTO, biomarker, prognosis, tumor immune, pan-cancer

Introduction
Fat mass and obesity-associated protein (FTO) is a key N6-methyladenosine (m6A) 
demethylase located on chromosome 16q12.2. Previous studies have confirmed that 
FTO regulates the m6A levels of downstream target genes via their 3ʹ-untranslated 
regions to influence obesity.1,2 Rowing research has suggested that FTO is also 
closely associated with the occurrence and development of different types of 
cancers. For instance, FTO may stimulate hepatocellular carcinoma tumorigenesis 
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and may be correlated with poor prognosis by mediating 
the demethylation of PKM2.3 Furthermore, the expression 
of FTO is increased in bladder cancer and promotes tumor 
growth via the MALAT1/miR-384/MAL2 axis.4 In con
trast, downregulated expression of FTO is linked to poor 
survival and to tumor growth and metastasis in lung 
adenocarcinoma.5 Pan-cancer analysis of any gene of 
interest involves finding commonalities or differences 
among cancers by integrating cancer expression data of 
different cancer types based on public databases,6,7 and is 
important for evaluating the clinical prognosis and under
lying molecular mechanisms. Although the role of FTO in 
some cancers has been explored, its key roles in human 
pan-cancer are still obscure.

The tumor microenvironment (TME) refers to the cel
lular environment of the tumor. Apart from the tumor 
cells, the TME also includes various cells such as fibro
blasts, immune and inflammatory cells, stromal cells, and 
endothelial cells.8,9 Accumulative evidence has demon
strated that the development and progression of tumors 
depends on the ongoing coevolution and complex cross
talk with the TME.10,11 In particular, as an important 
element in the TME, immune cells play crucial roles in 
tumors. For example, the appearance of natural killer (NK) 
T cells and CD8+ T cells in the TME predicted a good 
clinical outcome in many solid tumors.12,13 In contrast, 
myeloid-derived suppressor cells were a major driver of 
an immunosuppressive TME and were reported to promote 
tumor cell invasion and migration in mammary 
carcinomas.14 Regulatory T cells could also promote the 
immune escape of tumor cells, and indirectly accelerate 
the proliferation of tumor cells.15 At present, increasing 
evidence has indicated that targeting the TME, such as via 
chimeric antigen receptor T cell therapies and PD-1/PD-L1 
checkpoint blockade, could improve treatment outcomes 
and prognosis for these malignancies.16,17 Whereas, 
immunotherapies are underused in cancers and many 
patients show poor treatment responses. Consequently, it 
is an urgent unmet need to identify reliable and effective 
immunological biomarkers and to explore the relationship 
between cancers and immunology.

In our study, we comprehensively investigated the 
relationship between the expression level of FTO and 
patients’ prognosis in 33 types of cancers. Furthermore, 
we evaluated the correlation between FTO expression and 
6 immune infiltrating cells and immune checkpoints genes 
across cancers. In addition, the correlations of FTO 
expression with DNA mismatch repair (MMR) genes 

mutation levels, methyltransferases levels, microsatellite 
instability (MSI), and tumor mutational burden (TMB) 
status were analyzed in 33 cancer types. We found that 
FTO was involved in several cancers and immune-related 
signaling pathways. These results demonstrated the poten
tial activity of FTO in pan-cancer, indicating a role for 
FTO as a reliable prognostic and immunological biomar
ker in some cancers.

Materials and Methods
Expression Analysis of FTO and Sample 
Data Across Cancers
Different FTO expression in 31 normal tissues (such as liver, 
lung, and stomach) was assessed via the Genotype-Tissue 
Expression (GTEx) database (https://gtexportal.org/) and 21 
tumor cell lines (such as breast, thyroid, and uterus) infor
mation was downloaded from the Cancer Cell Line 
Encyclopedia (CCLE) database (https://portals.broadinsti 
tute.org/). In addition, level 3 RNA sequencing data from 
33 types of cancers was downloaded for the FTO expression 
analysis in The Cancer Genome Atlas (TCGA) database 
(https://portal.gdc.cancer.gov/). We used log2 conversion to 
normalize all the expression data. The R package edgeR was 
utilized to evaluate FTO expression.

Prognosis Analysis
The clinical information of all of cancer types was 
extracted from TCGA database. Univariate survival ana
lysis was utilized to investigate the prognosis of patients in 
terms of overall survival (OS), disease-free interval (DFI), 
disease-specific survival (DSS), and progression-free inter
val (PFI) based on FTO expression levels in 33 types of 
cancers. Kaplan–Meier curves and forest plots were used 
for data visualization.

Association Analysis of FTO with the 
Immune Microenvironment and Immune 
Checkpoints Genes
The Tumor Immune Evaluation Resource (TIMER) is 
a comprehensive database that systematical analyzes 
immune infiltrates in multiple types of cancers. The 
Spearman correlation method was utilized to estimate the 
correlation of FTO expression with tumor immune infiltrat
ing cells (CD4+ T cells, B cells, CD8+ T cells, macrophages, 
neutrophils, and dendritic cells) and 47 immune checkpoint 
genes levels in 33 types of cancers. Furthermore, the 
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association analysis of FTO with stromal score across multi
ple cancers was evaluated via the software Estimate.

Association Analysis of FTO with MMR 
and DNA Methyltransferases
The MMR system is a highly conserved biological pathway 
and plays an important role in sustaining regulating cellular 
processes and genomic stability.18 DNA methylation is an 
epigenetic mechanism involved in the regulation of gene 
expression without altering the DNA sequence. Herein, we 
determined the expression of MMR genes (PMS2, EPCAM, 
MLH1, MSH2, and MSH6) from TCGA database. Then the 
relationship between FTO expression and mutation levels of 
five MMR genes and the expression of four methyltrans
ferases was assessed by Spearman correlation analysis.

Association Analysis of FTO with TMB 
and MSI
TMB is defined as the total number of somatic gene coding 
mutations, such as deletion errors or gene insertions, present 
in tumor tissue.19 MSI refers to a strong mutator phenotype 
resulting from the loss of DNA mismatch repair activity.20 

Both TMB and MSI are potential predictive biomarkers for 
immune checkpoint therapies. We extracted the TMB and 
MSI data based on TCGA database. The correlations 
between FTO expression levels and TMB or MSI status 
were estimated via Spearman’s analysis.

Gene Set Enrichment Analysis (GSEA) of 
FTO in Multiple Cancers
GSEA is a common analysis tool used to defined whether 
predefined gene sets show consistent and statistically sig
nificant differences between two biological states.21,22 We 
divided tumor samples into high and low FTO expression 
groups. The “c2.cp.kegg.v7.1.sym-bols.gmt” was used as 
the reference gene set for GSEA.

Protein-Protein Interaction (PPI) 
Network Analysis of FTO in Pan-Cancer
The STRING website (https://string-db.org/) was utilized 
to generate the PPI network of FTO with the minimum 
required interaction score > 0.4. Cytoscape software (ver
sion 3.7.2) was used to visualize the PPI.

Statistical Analysis
The expression levels of FTO in multiple normal tissues 
and cancer cell lines were calculated using the Kruskal– 

Wallis test. Besides, FTO expression in normal and 
tumor tissues was analyzed using the Wilcoxon test. 
Univariate Cox regression analysis was applied to assess 
the correlation between FTO expression with patients’ 
prognosis. Moreover, the correlation of FTO expression 
levels with immune checkpoint biomarkers, MMR gene 
mutation levels, methyltransferases levels, TMB, MSI, 
and gene expression related to the Wnt signaling path
way was analyzed based on Spearman correlation. 
A P-value < 0.05 was considered statistically significant 
in all statistical analyses. In addition, P < 0.05 and r > 
0.20 was considered significant and positively correlated. 
In GSEA, |NES| > 1, P < 0.05, and FDR < 0.25 were 
considered statistically significant.

Results
Expression of FTO Was Altered in 
Human Pan-Cancer
First, we used the GTEx and CCLE database to calculate 
FTO expression in normal tissues and tumor cells 
(Figure 1A and B). The results showed that FTO exhib
ited differential expression levels in diverse tissues and 
cancer cell lines. Next, we evaluated FTO expression in 
cancer and noncancerous tissues samples from TCGA 
database (Figure 1C). Given the limited number of nor
mal samples in TCGA database, the GTEx and TCGA 
databases were combined to investigate differences in 
FTO expression in 27 tumors. The results showed that 
FTO was up-regulated in cholangiocarcinoma (CHOL), 
head and neck squamous cell carcinoma (HNSC), kidney 
renal clear cell carcinoma (KIRC), acute myeloid leuke
mia (LAML), brain lower grade glioma (LGG), and pan
creatic adenocarcinoma (PAAD), while the expression of 
FTO was low in the remaining 17 cancers, except for 
kidney renal papillary cell carcinoma (KIRP), liver hepa
tocellular carcinoma (LIHC), rectum adenocarcinoma 
(READ), and stomach adenocarcinoma (STAD) 
(Figure 1D). In brief, the current results demonstrated 
that FTO was differentially expressed in a variety of 
cancers.

Prognostic Potential of FTO in 
Pan-Cancer
To explore the relationship between FTO and the clinical 
prognosis of patients in 33 cancers, datasets from TCGA 
were used for univariate analysis. The forest plots revealed 
that FTO significantly influenced the OS, DFI, DSS, and 
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PFI of specific tumor types among the 33 cancers evalu
ated (Figure 2). In particular, the Kaplan-Meier curves 
revealed that augmented expression of FTO indicated 
good OS in KIRC (P < 0.0001), while high expression 
of FTO was notably associated with poor OS in bladder 
urothelial carcinoma (BLCA) (P = 0.00059) and STAD 
(P = 0.0016) (Figure 3A–C). Next, we found that augmen
ted levels of FTO unfavorably impacted on DFI in STAD 
(P = 0.00085) (Figure 3D). In addition, we investigated the 
influence of FTO expression on DSS (Figure 3E–H). High 
FTO expression was associated with poor prognosis for 
BLCA (P = 0.00097) and STAD (P < 0.0001). While the 
up-regulated FTO was closely associated with favorable 
prognosis in KIRC (P < 0.0001) and thymoma (THYM) 
(P < 0.0001). Furthermore, PFI analysis data revealed that 
high expression of FTO was an indicator of poor prognosis 
in BLCA (P = 0.0012) and STAD (P < 0.0001). In con
trast, low expression of FTO was related to poor prognosis 
for KIRC (P = 0.00018) and THYM (P = 0.00061) 
(Figure 3I–L). Overall, the above results implied that the 
expression of FTO was significantly associated with the 
prognosis of patients, especially in patients with STAD, 
BLCA, and KIRC.

FTO Was Associated with Tumor 
Immune Infiltration and Immune 
Checkpoint Biomarkers in Multiple 
Cancers
Immune cell infiltrating tumors are of seminal importance 
for the development and progression of cancers.23,24 

Hence, we explored whether FTO expression was asso
ciated with the levels of immune infiltration in different 
cancers. We found that the expression level of FTO was 
significantly associated with the degree of immune infil
trating cells in a number of human cancer types, and the 
top three cancers were colon adenocarcinoma (COAD), 
KIRC, and LIHC (Figure 4A). Furthermore, we used the 
R software package Estimate to evaluate the stromal score 
of each tumor sample. The top three cancers whose FTO 
expression levels were most significantly positively asso
ciated with stromal score were COAD (R = 0.457, P < 
0.001), PAAD (R = 0.539, P < 0.001), and STAD (R = 
0.405, P < 0.001) (Figure 4B).

Given that immunotherapies are a crucial treatment 
approach to reduce and eradicate tumors, the relationship 
between the expression of FTO and that of 47 immune 

A

DC

B

Figure 1 FTO was abnormally expressed in human pan-cancer. (A) FTO expression levels in 31 normal tissues from the GTEx database. (B) FTO expression levels in 21 
tumor cells from the CCLE database. (C) Differential expression levels of FTO in 20 tumors and paired adjacent noncancerous tissues from TCGA database. (D) FTO 
expression difference in 27 cancer types integrated from the GTEx database and TCGA database. (*P < 0.05, **P < 0.01, ***P < 0.001).
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checkpoint genes was further analyzed. Surprisingly, the 
analysis indicated that FTO expression was positively 
associated with the common immune checkpoint genes in 
multiple cancers, especially in COAD and prostate adeno
carcinoma (PRAD) (Figure 4C), indicating that FTO is 
important for modulating the complex pattern of tumor 
immune response via the regulation of immune checkpoint 
genes. Taken together, our study showed that FTO may 
exert an important role in tumor immunity.

FTO Was Correlated with MMR Gene 
Expression and DNA Methyltransferases 
Across Cancers
The MMR system is composed of a family of enzymes 
and is responsible for detecting and correcting errors 
during DNA replication.25 Accumulative evidence has 
demonstrated that alterations in the MMR system can 
foster tumor progression and targeting MMR can 
increase the burden of neoantigens, which enhances the 
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Figure 2 Forest plots of hazard ratios of FTO. (A) The forest plot of the relationship between FTO expression and OS across 33 tumors. (B) The forest plot of the 
relationship between FTO expression and DFI across 33 tumors. (C) The forest plot of the relationship between FTO expression and DSS across 33 tumors. (D) The forest 
plot of the relationship between FTO expression and PFI across 33 tumors. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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response of immune checkpoint inhibitors.26,27 To better 
understand the role of FTO, the association between 
FTO expression and five MMR genes was evaluated in 
TCGA datasets. The data revealed that FTO expression 
was highly correlated with MMR genes across cancers 
except for LAML (Figure 5A). It is commonly known 
that hypermethylation within the promoter regions leads 
to the inactivation of certain tumor suppressor genes and 
facilitates cancer progression.28 As shown in Figure 5B, 
FTO expression was significantly related to four methyl
transferases in all cancers except for LAML. In total, 
these findings suggested that FTO may regulate the 
progression of multiple cancers by modulating MMR 
and DNA methylation.

FTO Affected TMB and MSI in Human 
Pan-Cancer
Tumor cells with high TMB have high levels of neoanti
gens, which are considered to stimulate the anti-tumor 
response of lymphocytes and to help the immune system 
recognize tumors.29 Our analysis revealed that FTO 
expression was positively correlated with TMB in 
LAML, THYM, and uterine corpus endometrial carcinoma 
(UCEC). Conversely, FTO expression was negatively 
associated with the TMB in BLCA, breast invasive carci
noma (BRCA), cervical squamous cell carcinoma and 
endocervical adenocarcinoma (CESC), esophageal carci
noma (ESCA), LIHC, lung adenocarcinoma (LUAD), lung 
squamous cell carcinoma (LUSC), PRAD, STAD, and 
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thyroid carcinoma (THCA) (Figure 6A). Further, MSI has 
emerged as a key predictor for outcomes of immunother
apy-based strategies.30 Herein, we estimated the correla
tion between FTO expression and MSI using Spearman 
correlation analysis. The results revealed that FTO expres
sion was positively associated with MSI in testicular germ 
cell tumors (TGCT), and significantly negatively corre
lated with MSI in BRCA, lymphoid neoplasm diffuse 
large B-cell lymphoma (DLBC), HNSC, LUSC, PRAD, 
skin cutaneous melanoma (SKCM), STAD, and THCA 
(Figure 6B).

Signaling Pathways and PPI Analysis of 
FTO Across Cancers
Stratifying pan-cancer samples according to high or low FTO 
expression, we observe the potential effects of FTO expres
sion on tumors. Further, GSEA was utilized to analyze the 
KEGG signaling pathways. The results demonstrated that 
vascular smooth muscle contraction, Wnt signaling path
ways, and endocytosis were the top three enriched pathways 
in the high expression group (Figure 7A), while the top three 
signaling pathways, Parkinson’s disease, ribosome, and oxi
dative phosphorylation, were significantly enriched in the 

low expression group (Figure 7B). Given that abnormal 
Wnt signaling may disrupt immune surveillance of cancers, 
leading to resistance to a variety of immunotherapies and to 
immune evasion,31,32 we evaluated the correlation between 
FTO expression and canonical Wnt signaling pathway- 
related genes, such as CTNNB1, CCND1, CDH2, and 
c-Myc, in 33 cancers. Specifically, the results indicated that 
FTO expression was significantly positively correlated with 
CTNNB1 expression in all cancers (Figure 7C). 
Furthermore, FTO was positively associated with three 
other genes in the vast majority of cancers (Figure 7D–F). 
To further investigate the molecular mechanism involving 
FTO in tumorigenesis, a PPI network including FTO was 
constructed (Figure 7G). In particular, m6A related genes, 
such as METTL3, WTAP, and ALKBH5, were found in this 
network, indicating that FTO may interact with other m6A 
genes to drive tumor progression. Collectively, FTO might be 
involved in multiple pathways and proteins that promote 
tumor occurrence and progression.

Discussion
Pan-cancer analysis, which is of seminal importance for 
understanding differences and similarities among various 
cancers, can provide new perspectives for cancer 

Figure 4 Correlation analysis between FTO expression and immune cell infiltration, stromal score, and immune checkpoint genes across cancers. (A) FTO expression 
positively correlates with immune infiltrating cells in COAD, KIRC, and LIHC. (B) FTO expression positively correlates with stromal score in COAD, PAAD, and STAD. (C) 
Correlation analysis between the expression of FTO and 47 immune checkpoint genes across cancers. (*P < 0.05, **P < 0.01, ***P < 0.001).
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prevention and targeted therapy. Increasing studies have 
described the value of pan-cancer analysis and have 
revealed the important roles of some driver genes in the 

development of cancer.33,34 FTO, a m6A demethylase, has 
been identified to as a factor able to regulate the occur
rence, progression, and prognosis of some cancers, 
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including acute myeloid leukemia35 and breast cancer.36 

However, the roles of FTO in cancer development and 
progression, and whether it can be utilized as a potential 
biomarker have yet to be investigated. Hence, we first 
comprehensively elucidated the important role of FTO in 
human pan-cancer in our study (Supplementary Table 1).

Importantly, FTO was differentially expressed in dif
ferent cancer types. Univariate survival analysis showed 
that increased FTO, in particular, predicted poor prognosis 
of patients in STAD and BLCA. In contrast, up-regulated 
FTO was positively correlated with prognosis in KIRC and 
THYM. These results implied that FTO could represent 
a potential prognostic marker for these cancers.

It is well known that the TME is a major hallmark of 
cancers.37,38 Tumor infiltrating lymphocytes, such as CD4 
+ T cells, dendritic cells, and B cells, are fundamental 
members of the TME and recognition of their crucial 
nature in the TME can provide profound insights into 
tumor immunotherapy. Recent studies have revealed that 
FTO inhibition may overcome immune evasion by sensi
tizing leukemia cells to T cell cytotoxicity.39 Moreover, Gu 
et al found that FTO could promote the polarization of M1 
and M2 macrophages.40 These results suggested that FTO 
was involved in tumor immunity in a few types of cancer. 
However, whether FTO plays a pivotal role in the TME in 
other cancers is still unknown. Interestingly, our findings 
revealed that FTO expression was remarkably associated 
with six immune infiltrating cell types in COAD, KIRC, 
and LIHC. In addition, we found that FTO expression was 
strongly correlated with the stromal score in COAD, 
PAAD, and STAD. Furthermore, the analysis of immune 

checkpoint markers based on the expression levels of FTO 
implied that FTO may provide new molecular targets to 
develop novel immunotherapy modalities. These findings 
constitute significant progress in identifying the role of 
FTO in the TME, which strongly suggest that FTO may 
serve as an immunological biomarker for cancers.

MMR is an evolutionally conserved process and plays 
an important role in genome stability, DNA replication 
fidelity, and mutation avoidance, all of which lead to 
normal biological processes.41 However, MMR deficiency 
leads to an MSI phenotype, which is an indicator of 
genetic hypermutability.42 TMB is a quantitative biomar
ker that reflects the total number of somatic mutations 
harbored by tumor cells. Some studies have demonstrated 
that MMR deficiency, MSI, and TMB are not only prog
nostic biomarkers for human cancers, but are also predic
tors of immunotherapy efficacy. For example, the 
immunotherapy-based anti-PD-1 cancer treatment has 
been approved for patients whose cancers exhibit MMR 
deficiency or MSI.43 In addition, a high TMB indicates 
good outcomes of immune checkpoint blockade therapy in 
diverse cancers.44 In the present study, our analysis 
demonstrated that FTO expression was markedly corre
lated with MMR gene expression and MSI in different 
types of cancers. Besides, FTO expression was also corre
lated with TMB in 13 cancer types. Furthermore, DNA 
methylation, as the most studied aspect of epigenetics, 
plays a significant role in the regulation of gene expres
sion, and some studies have confirmed that DNA methyl
transferase inhibitors can improve the anti-tumor immune 
response.45,46 Our findings revealed that the expression of 
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Figure 6 Correlations of FTO expression with TMB and MSI in pan-cancer. (A) The correlation analysis between FTO expression and TMB in pan-cancer. (B) The 
correlation analysis between FTO expression and MSI in pan-cancer.
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FTO was associated with methyltransferase levels in 32 
cancers. Hence, aberrant FTO expression, which is highly 
related to MMR deficiency, MSI, TMB, and DNA methyl
transferases, may be a hopeful tumor biomarker used to 
select patients for the immune treatment. Taken together, 
compared with reported biomarkers, such as eEF2K,47 

NTRK3,48 and HSPA7,49 which predict the prognosis of 
a single cancer, FTO may serve as a prognostic and 
immune biomarker for more cancers. However, further 
experiments are needed to confirm these findings.

Abnormal Wnt signaling pathways play an important 
part in maintaining homeostasis and are involved in the 
pathogenesis of many diseases. In particularly, there is 

mounting evidence that Wnt signaling may regulate 
immune cell infiltration in the TME. For example, acti
vation of the Wnt signaling pathway is frequently asso
ciated with poor spontaneous T cell infiltration in most 
cancers.50 In addition, Wnt signaling has been implicated 
in the development of NK cells and NK T cells.51 In this 
study, we not only determined that FTO was significantly 
enriched in the Wnt signaling pathway, but we also 
verified the correlation of FTO expression with the 
expression of key molecules in the Wnt signaling using 
a comprehensive bioinformatics analysis. Furthermore, 
a number of m6A-related methylases were identified by 
analyzing the PPI network of FTO, however, the 
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Figure 7 Gene set enrichment, correlation and PPI network analysis of FTO in pan-cancer. (A) The top 3 signaling pathways were enriched in the high FTO expression 
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underlying mechanisms remain elusive and warrant 
further exploration in the future.

Conclusion
Our study demonstrated that FTO was differentially 
expressed and associated with patient prognosis and immune 
infiltrating cells in different cancers. Furthermore, FTO 
expression was correlated with the immune checkpoint 
genes, MMR, DNA methylation, MSI, and TMB in numer
ous cancers. FTO was involved in several pathways that 
influenced tumorigenesis and tumor immune. PPI analysis 
indicated the potential impact of m6A-related molecules. 
Therefore, these findings may provide novel insights into 
FTO as an effective prognostic and immunological biomar
ker across cancers. In addition, the study opens new avenues 
for investigating the potential role of FTO in immunotherapy.
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