
Survival_analysis

# Check for relevant columns in clinical data
colnames_to_check <- c("vital_status", "days_to_last_follow_up", "days_to_death")
has_relevant_columns <- any(colnames(clinical_data_escc) %in% colnames_to_check)
relevant_columns_indices <- which(colnames(clinical_data_escc) %in% colnames_to_check)
relevant_columns <- clinical_data_escc[, relevant_columns_indices]

# Print summary of vital status
table(clinical_data_escc$vital_status)

##
## Alive Dead
## 108 77

# Create a new variable "deceased" based on vital status
clinical_data_escc$deceased <- ifelse(clinical_data_escc$vital_status == "Alive", FALSE, TRUE)

# Create an "overall_survival" variable that considers days_to_death for deceased patients and days_to_last_follow_up for alive patients
clinical_data_escc$overall_survival <- ifelse(clinical_data_escc$vital_status == "Alive",

clinical_data_escc$days_to_last_follow_up,
clinical_data_escc$days_to_death)

# Build a query to retrieve gene expression data for the entire cohort
query_escc_all <- GDCquery(

project = "TCGA-ESCA",
data.category = "Transcriptome Profiling",
experimental.strategy = "RNA-Seq",
workflow.type = "STAR - Counts",
data.type = "Gene Expression Quantification",
access = "open"

)

## --------------------------------------

## o GDCquery: Searching in GDC database

## --------------------------------------

## Genome of reference: hg38

## --------------------------------------------

## oo Accessing GDC. This might take a while...
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## --------------------------------------------

## ooo Project: TCGA-ESCA

## --------------------

## oo Filtering results

## --------------------

## ooo By access

## ooo By experimental.strategy

## ooo By data.type

## ooo By workflow.type

## ----------------

## oo Checking data

## ----------------

## ooo Checking if there are duplicated cases

## ooo Checking if there are results for the query

## -------------------

## o Preparing output

## -------------------

output_escc <- getResults(query_escc_all)
tumor <- output_escc$cases

# Build a query to retrieve gene expression data for 20 primary tumors and solid tissue normal samples
query_escc <- GDCquery(

project = "TCGA-ESCA",
data.category = "Transcriptome Profiling",
experimental.strategy = "RNA-Seq",
workflow.type = "STAR - Counts",
data.type = "Gene Expression Quantification",
sample.type = c("Primary Tumor", "Solid Tissue Normal"),
access = "open",
barcode = tumor

)
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## --------------------------------------

## o GDCquery: Searching in GDC database

## --------------------------------------

## Genome of reference: hg38

## --------------------------------------------

## oo Accessing GDC. This might take a while...

## --------------------------------------------

## ooo Project: TCGA-ESCA

## --------------------

## oo Filtering results

## --------------------

## ooo By access

## ooo By experimental.strategy

## ooo By data.type

## ooo By workflow.type

## ooo By barcode

## ooo By sample.type

## ----------------

## oo Checking data

## ----------------

## ooo Checking if there are duplicated cases

## ooo Checking if there are results for the query

## -------------------

## o Preparing output

## -------------------
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# Download the data
GDCdownload(query_escc)

## Downloading data for project TCGA-ESCA

## Of the 197 files for download 197 already exist.

## All samples have been already downloaded

library(SummarizedExperiment)

# Prepare the gene expression data
tcga_escc_data <- GDCprepare(query_escc, summarizedExperiment = TRUE)

## | | 0% | |0.5076142% ~12 s remaining| |1.015228% ~9 s remaining | |1.522843% ~8 s remaining |= |2.030457% ~7 s remaining |= |2.538071% ~7 s remaining |= |3.045685% ~6 s remaining |= |3.553299% ~7 s remaining |== |4.060914% ~6 s remaining |== |4.568528% ~6 s remaining |== |5.076142% ~7 s remaining |== |5.583756% ~15 s remaining |=== |6.091371% ~14 s remaining |=== |6.598985% ~13 s remaining |=== |7.106599% ~13 s remaining |=== |7.614213% ~12 s remaining |==== |8.121827% ~12 s remaining |==== |8.629442% ~11 s remaining |==== |9.137056% ~11 s remaining |===== |9.64467% ~11 s remaining |===== |10.15228% ~10 s remaining |===== |10.6599% ~15 s remaining |===== |11.16751% ~14 s remaining |====== |11.67513% ~14 s remaining |====== |12.18274% ~13 s remaining |====== |12.69036% ~13 s remaining |====== |13.19797% ~12 s remaining |======= |13.70558% ~12 s remaining |======= |14.2132% ~12 s remaining |======= |14.72081% ~11 s remaining |======= |15.22843% ~11 s remaining |======== |15.73604% ~11 s remaining |======== |16.24365% ~11 s remaining |======== |16.75127% ~13 s remaining |======== |17.25888% ~13 s remaining |========= |17.7665% ~13 s remaining |========= |18.27411% ~12 s remaining |========= |18.78173% ~12 s remaining |========== |19.28934% ~12 s remaining |========== |19.79695% ~11 s remaining |========== |20.30457% ~11 s remaining |========== |20.81218% ~11 s remaining |=========== |21.3198% ~11 s remaining |=========== |21.82741% ~11 s remaining |=========== |22.33503% ~10 s remaining |=========== |22.84264% ~10 s remaining |============ |23.35025% ~10 s remaining |============ |23.85787% ~10 s remaining |============ |24.36548% ~11 s remaining |============ |24.8731% ~11 s remaining |============= |25.38071% ~11 s remaining |============= |25.88832% ~11 s remaining |============= |26.39594% ~10 s remaining |============= |26.90355% ~10 s remaining |============== |27.41117% ~10 s remaining |============== |27.91878% ~10 s remaining |============== |28.4264% ~10 s remaining |=============== |28.93401% ~10 s remaining |=============== |29.44162% ~9 s remaining |=============== |29.94924% ~9 s remaining |=============== |30.45685% ~9 s remaining |================ |30.96447% ~9 s remaining |================ |31.47208% ~9 s remaining |================ |31.9797% ~9 s remaining |================ |32.48731% ~9 s remaining |================= |32.99492% ~8 s remaining |================= |33.50254% ~9 s remaining |================= |34.01015% ~9 s remaining |================= |34.51777% ~9 s remaining |================== |35.02538% ~9 s remaining |================== |35.53299% ~9 s remaining |================== |36.04061% ~9 s remaining |=================== |36.54822% ~8 s remaining |=================== |37.05584% ~8 s remaining |=================== |37.56345% ~8 s remaining |=================== |38.07107% ~8 s remaining |==================== |38.57868% ~8 s remaining |==================== |39.08629% ~8 s remaining |==================== |39.59391% ~8 s remaining |==================== |40.10152% ~8 s remaining |===================== |40.60914% ~7 s remaining |===================== |41.11675% ~7 s remaining |===================== |41.62437% ~7 s remaining |===================== |42.13198% ~7 s remaining |====================== |42.63959% ~7 s remaining |====================== |43.14721% ~7 s remaining |====================== |43.65482% ~7 s remaining |====================== |44.16244% ~7 s remaining |======================= |44.67005% ~7 s remaining |======================= |45.17766% ~7 s remaining |======================= |45.68528% ~7 s remaining |======================== |46.19289% ~7 s remaining |======================== |46.70051% ~7 s remaining |======================== |47.20812% ~7 s remaining |======================== |47.71574% ~7 s remaining |========================= |48.22335% ~7 s remaining |========================= |48.73096% ~6 s remaining |========================= |49.23858% ~6 s remaining |========================= |49.74619% ~6 s remaining |========================== |50.25381% ~6 s remaining |========================== |50.76142% ~6 s remaining |========================== |51.26904% ~6 s remaining |========================== |51.77665% ~6 s remaining |=========================== |52.28426% ~6 s remaining |=========================== |52.79188% ~6 s remaining |=========================== |53.29949% ~6 s remaining |=========================== |53.80711% ~6 s remaining |============================ |54.31472% ~5 s remaining |============================ |54.82234% ~5 s remaining |============================ |55.32995% ~5 s remaining |============================= |55.83756% ~5 s remaining |============================= |56.34518% ~5 s remaining |============================= |56.85279% ~5 s remaining |============================= |57.36041% ~5 s remaining |============================== |57.86802% ~5 s remaining |============================== |58.37563% ~5 s remaining |============================== |58.88325% ~5 s remaining |============================== |59.39086% ~5 s remaining |=============================== |59.89848% ~5 s remaining |=============================== |60.40609% ~5 s remaining |=============================== |60.91371% ~5 s remaining |=============================== |61.42132% ~5 s remaining |================================ |61.92893% ~5 s remaining |================================ |62.43655% ~5 s remaining |================================ |62.94416% ~4 s remaining |================================ |63.45178% ~4 s remaining |================================= |63.95939% ~4 s remaining |================================= |64.46701% ~4 s remaining |================================= |64.97462% ~4 s remaining |================================== |65.48223% ~4 s remaining |================================== |65.98985% ~4 s remaining |================================== |66.49746% ~4 s remaining |================================== |67.00508% ~4 s remaining |=================================== |67.51269% ~4 s remaining |=================================== |68.0203% ~4 s remaining |=================================== |68.52792% ~4 s remaining |=================================== |69.03553% ~4 s remaining |==================================== |69.54315% ~3 s remaining |==================================== |70.05076% ~3 s remaining |==================================== |70.55838% ~3 s remaining |==================================== |71.06599% ~3 s remaining |===================================== |71.5736% ~3 s remaining |===================================== |72.08122% ~3 s remaining |===================================== |72.58883% ~3 s remaining |====================================== |73.09645% ~3 s remaining |====================================== |73.60406% ~3 s remaining |====================================== |74.11168% ~3 s remaining |====================================== |74.61929% ~3 s remaining |======================================= |75.1269% ~3 s remaining |======================================= |75.63452% ~3 s remaining |======================================= |76.14213% ~3 s remaining |======================================= |76.64975% ~3 s remaining |======================================== |77.15736% ~3 s remaining |======================================== |77.66497% ~3 s remaining |======================================== |78.17259% ~2 s remaining |======================================== |78.6802% ~2 s remaining |========================================= |79.18782% ~2 s remaining |========================================= |79.69543% ~2 s remaining |========================================= |80.20305% ~2 s remaining |========================================= |80.71066% ~2 s remaining |========================================== |81.21827% ~2 s remaining |========================================== |81.72589% ~2 s remaining |========================================== |82.2335% ~2 s remaining |=========================================== |82.74112% ~2 s remaining |=========================================== |83.24873% ~2 s remaining |=========================================== |83.75635% ~2 s remaining |=========================================== |84.26396% ~2 s remaining |============================================ |84.77157% ~2 s remaining |============================================ |85.27919% ~2 s remaining |============================================ |85.7868% ~2 s remaining |============================================ |86.29442% ~1 s remaining |============================================= |86.80203% ~1 s remaining |============================================= |87.30964% ~1 s remaining |============================================= |87.81726% ~1 s remaining |============================================= |88.32487% ~1 s remaining |============================================== |88.83249% ~1 s remaining |============================================== |89.3401% ~1 s remaining |============================================== |89.84772% ~1 s remaining |============================================== |90.35533% ~1 s remaining |=============================================== |90.86294% ~1 s remaining |=============================================== |91.37056% ~1 s remaining |=============================================== |91.87817% ~1 s remaining |================================================ |92.38579% ~1 s remaining |================================================ |92.8934% ~1 s remaining |================================================ |93.40102% ~1 s remaining |================================================ |93.90863% ~1 s remaining |================================================= |94.41624% ~1 s remaining |================================================= |94.92386% ~1 s remaining |================================================= |95.43147% ~1 s remaining |================================================= |95.93909% ~0 s remaining |================================================== |96.4467% ~0 s remaining |================================================== |96.95431% ~0 s remaining |================================================== |97.46193% ~0 s remaining |================================================== |97.96954% ~0 s remaining |=================================================== |98.47716% ~0 s remaining |=================================================== |98.98477% ~0 s remaining |=================================================== |99.49239% ~0 s remaining |====================================================|100% ~0 s remaining |====================================================|100% Completed after 11 s

## Starting to add information to samples

## => Add clinical information to samples

## => Adding TCGA molecular information from marker papers

## => Information will have prefix ’paper_’

## esca subtype information from:doi:10.1038/nature20805

## Available assays in SummarizedExperiment :
## => unstranded
## => stranded_first
## => stranded_second
## => tpm_unstrand
## => fpkm_unstrand
## => fpkm_uq_unstrand

escc_matrix <- assay(tcga_escc_data)

# Extract gene and sample metadata from the summarizedExperiment object
gene_metadata <- as.data.frame(rowData(tcga_escc_data))
coldata <- as.data.frame(colData(tcga_escc_data))

# Merge gene expression data with gene metadata using gene_id
merged_data <- merge(escc_matrix, gene_metadata, by.x = 0, by.y = "gene_id")
test_gene <-merged_data

# Extract gene expression data for TCGA samples
sample_ids <- colnames(test_gene)
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# Extract gene expression data for TCGA samples
sample_ids <- colnames(test_gene)

# Function to assign groups based on TCGA IDs
assign_group <- function(tcga_id) {

group <- ""
parts <- unlist(strsplit(tcga_id, "-"))

if (length(parts) >= 4) {
fourth_part <- parts[4]
if (grepl("\\d{2}", fourth_part)) {

num <- as.numeric(substr(fourth_part, 1, 2))
if (num >= 10 & num <= 29) {

group <- "Control"
} else if (num >= 1 & num <= 9) {

group <- "Cancer"
}

}
}

return(group)
}

# Assign groups to TCGA IDs
group_assignments <- sapply(sample_ids, assign_group)

# Combine group assignments with the sample data
combined_data <- as.data.frame(group_assignments)

# VST transform counts for use in survival analysis
library(DESeq2)

# Setting up countData object
dds <- DESeqDataSetFromMatrix(countData = escc_matrix,

colData = coldata,
design = ~ 1)

# Removing genes with a sum total of 10 reads across all samples
keep <- rowSums(counts(dds)) >= 10
dds <- dds[keep,]

# VST transformation
vsd <- vst(dds, blind = FALSE)
escc_matrix_vst <- assay(vsd)

# Get data for the RUVBL1 gene and add gene metadata information to it
gene_named <- escc_matrix %>%

as.data.frame() %>%
rownames_to_column(var = 'gene_id') %>%
gather(key = 'case_id', value = 'counts', -gene_id) %>%
left_join(., gene_metadata, by = "gene_id") %>%
filter(gene_name == "ATP6V1D")
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# Calculate the median value
median_value <- median(gene_named$counts)

# Assign strata based on median count
gene_named$strata <- ifelse(gene_named$counts >= median_value, "HIGH", "LOW")

# Merge clinical information with gene expression data
gene_named$case_id <- gsub('-01.*', '', gene_named$case_id)
gene_named <- merge(gene_named, clinical_data_escc, by.x = 'case_id', by.y = 'submitter_id')

# Convert days to months for overall_survival variable
gene_named$overall_survival <- gene_named$overall_survival / 30

# Fitting survival curve
fit <- survfit(Surv(overall_survival, deceased) ~ strata, data = gene_named)

# Plotting survival curves
ggsurvplot(fit,

data = gene_named,
pval = TRUE,
risk.table = FALSE)
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The survival plot depicts how the expression levels of the gene ATP6V1D are related to overall survival in
cancer patients. It depicts two curves indicating two groups of people: those with “HIGH” gene expression
levels of gene ATP6V1D and those with “LOW” expression levels. The x-axis indicates time in months, and
the y-axis represents survival probability, representing the proportion of patients who have not experienced
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the event (death) over time. The survival curve shows that increased gene expression impacts patient
survival. Furthermore, the p-value of 0.43 indicates that there is no statistically significant difference in
survival between the “HIGH” and “LOW” expression groups.
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