Supplementary materials

Appendix material 1 31 combinatorial features of machine learning clinical prognosis model.gene
HR
z
pvalue
lower
upper

T
1.65801501071641
54.2934891369043
0
1.62802638841481
1.68855603037099

LNMR
1.74732129034812
72.3085211969374
0
1.72108815458952
1.77395427628865

age_LNMR
1.1637983791116
58.2053710654482
0
1.15786900950082
1.16975811262684

LNMR_RNE
1.19404257764003
64.1832173801985
0
1.18759362594321
1.20052654887306

grade_LNMR
1.14068500371327
72.2388597520706
0
1.13661851915643
1.14476603694794

LNMR_T
1.14036880062598
79.3547817524663
0
1.13667518418377
1.14407441944373

grade_T
1.11559609501798
55.0318037613854
0
1.11125830243854
1.11995082015433

age_LNMR_RNE
1.04953435410361
51.1123047775247
0
1.04759041500328
1.05148190043362

age_grade_LNMR
1.03752279521718
59.1525095448048
0
1.03625724505612
1.03878989095703

age_LNMR_T
1.03975172105925
67.5169663885468
0
1.03857578765067
1.0409289859252

grade_LNMR_RNE
1.04316101615395
64.5632146540489
0
1.04182374507716
1.04450000373408

LNMR_RNE_T
1.04488089735538
72.3614002785553
0
1.04363912215219
1.04612415008621

grade_LNMR_T
1.03208327330248
79.0171698760653
0
1.0312751557605
1.03289202409345

grade_RNE_T
1.02727742117595
41.264398749837
0
1.02596513333868
1.02859138752969

age_grade_LNMR_RNE
1.01193823727972
52.4151339543874
0
1.01148927516637
1.01238739867048

age_LNMR_RNE_T
1.01312626157292
61.1411571873955
0
1.01270282006583
1.01354988013365

age_grade_LNMR_T
1.00953451781929
67.7684208554926
0
1.00925749290891
1.00981161876854

grade_LNMR_RNE_T
1.0106597979967
72.2986169263204
0
1.0103693254316
1.01095035407019

age_grade_LNMR_RNE_T
1.00319860821375
61.6553909122599
0
1.00309677034187
1.00330045642456

RNE_T
1.11325995170162
37.2610177656572
7.02649357694184e-304
1.10699475347573
1.11956060873044

age_grade_T
1.02273279227031
35.2070353343217
1.56056708203769e-271
1.02145378896934
1.02401339706266

age_T
1.08904725334469
29.961691579805
3.09863074352191e-197
1.08298711093021
1.09514130689783

age_grade_RNE_T
1.00581193254993
26.5617942047905
1.87677730913373e-155
1.00538192490076
1.00624212411586

grade
1.37464130835803
23.1552934005712
1.28577738640126e-118
1.33811193382314
1.41216790530023

age
0.693406743812321
-21.8728109142112
4.71607130719612e-106
0.671026122620501
0.716533822091349

age_RNE_T
1.01975739910383
20.8184491838418
2.94565338636777e-96
1.01788080181106
1.02163745615083

age_RNE
0.915543992889569
-19.2636244225458
1.0851062271867e-82
0.907361392131564
0.923800384483006

grade_RNE
1.03111989952367
9.33765589006866
9.84904255765691e-21
1.02450855239576
1.03777391092289

RNE
0.8844754388626
-7.32296669738263
2.42548009855823e-13
0.855887000032205
0.914018792108951

age_grade_RNE
0.995542490396164
-4.48911416656712
7.15199613243503e-06
0.993602561611995
0.997486206734667

age_grade
0.999249299906926
-0.231543396177196
0.816892675965883
0.992917321484335
1.00562165827846

Appendix material 2 Function usage of R language

library(survival)

library(Boruta)

library(data.table)

library(glmnet)

library(limma)

library(ggplot2)

library(randomForest)

library(tidyverse)

library(VennDiagram)

library(sigFeature)

library(e1071)

library(caret)

library(dplyr)

library(pheatmap)

library(gplots)

library(survcomp)

library(survivalROC)

library(nomogramEx)

library(regplot)

library(rms)

library(beeswarm)

library(reshape2)

library(survminer)

source('msvmRFE.R')

# set colors

jco <- c("#2874C5","#EABF00","#868686","#C6524A","#80A7DE")

bioForest=function(coxFile=null,forestFile=null){

  #

  rt <- read.table(coxFile,header=T,sep="\t",row.names=1,check.names=F)

  gene <- rownames(rt)

  hr <- sprintf("%.3f",rt$"HR")

  hrLow  <- sprintf("%.3f",rt$"HR.95L")

  hrHigh <- sprintf("%.3f",rt$"HR.95H")

  Hazard.ratio <- paste0(hr,"(",hrLow,"-",hrHigh,")")

  pVal <- ifelse(rt$pvalue<0.001, "<0.001", sprintf("%.3f", rt$pvalue))

  #

  pdf(file=forestFile, width = 7,height = 4)

  n <- nrow(rt)

  nRow <- n+1

  ylim <- c(1,nRow)

  layout(matrix(c(1,2),nc=2),width=c(3,2.5))

  #

  xlim = c(0,3)

  par(mar=c(4,2.5,2,1))

  plot(1,xlim=xlim,ylim=ylim,type="n",axes=F,xlab="",ylab="")

  text.cex=0.8

  text(0,n:1,gene,adj=0,cex=text.cex)

  text(1.5-0.5*0.2,n:1,pVal,adj=1,cex=text.cex);text(1.5-0.5*0.2,n+1,'pvalue',cex=text.cex,font=2,adj=1)

  text(3,n:1,Hazard.ratio,adj=1,cex=text.cex);text(3,n+1,'Hazard ratio',cex=text.cex,font=2,adj=1,)

  #

  par(mar=c(4,1,2,1),mgp=c(2,0.5,0))

  xlim = c(0,max(as.numeric(hrLow),as.numeric(hrHigh)))

  plot(1,xlim=xlim,ylim=ylim,type="n",axes=F,ylab="",xaxs="i",xlab="Hazard ratio")

  arrows(as.numeric(hrLow),n:1,as.numeric(hrHigh),n:1,angle=90,code=3,length=0.05,col="darkblue",lwd=2.5)

  abline(v=1,col="black",lty=2,lwd=2)

  boxcolor = ifelse(as.numeric(hr) > 1, 'red', 'green')

  points(as.numeric(hr), n:1, pch = 15, col = boxcolor, cex=1.3)

  axis(1)

  dev.off()

}

############------1.1-uniForest.pdf--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

a1 <- read.table("Seer.txt",sep="\t",fill = T,header=T,check.names=F,quote = " ")

dim(a1)

head(a1)

rt <- a1[,-1]

head(rt)

uniTab=data.frame()

for(i in colnames(rt[,3:ncol(rt)])){

  cox <- coxph(Surv(futime, fustat) ~ rt[,i], data = rt)

  coxSummary = summary(cox)

  uniTab=rbind(uniTab,

               cbind(id=i,

                     HR=coxSummary$conf.int[,"exp(coef)"],

                     HR.95L=coxSummary$conf.int[,"lower .95"],

                     HR.95H=coxSummary$conf.int[,"upper .95"],

                     pvalue=coxSummary$coefficients[,"Pr(>|z|)"])

  )

}

write.table(uniTab,file="uniCox.txt",sep="\t",row.names=F,quote=F)

bioForest(coxFile="uniCox.txt",forestFile="uniForest.pdf")

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

uniTab <- read.table("uniCox.txt",row.names = 1,sep="\t",fill = T,header=T,check.names=F,quote = " ")

dim(uniTab)

dim(a1)

wt <- a1[,c("PatientID", "futime", "fustat",rownames(uniTab[uniTab$pvalue < 0.05,]))]

dim(wt)

head(wt)

write.table(wt, "Seer-unicox.txt",row.names = F, sep = "\t",quote=F)

############------1.2-Boruta.pdf--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

a1 <- read.table("Seer-unicox.txt",sep="\t",header=T,check.names=F,quote = "")

dim(a1)

head(a1)

x <- as.matrix(a1[,4:ncol(a1)])

y <- as.factor(a1$fustat)

set.seed(1000)

borutafit <- Boruta(x,y, doTrace = 2, ntree = 500, maxRuns = 500)

boruta_fea <- attStats(borutafit)

boruta_fea <- rownames(boruta_fea[which(boruta_fea$decision == "Confirmed"),])

pdf("Figure Boruta.pdf",width = 20,height = 8)

plot(borutafit)

dev.off()

save(borutafit,file = "borutafit.rda")#load("borutafit.rda")

############------1.3-Elasticnet.pdf--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

a1 <- read.table("Seer-unicox.txt",sep="\t",header=T,check.names=F,quote = "")

dim(a1)

head(a1)

Elasticnet.data <- list()

train.exp <- a1[,4:ncol(a1)]

train.Surv <- a1[,1:3]

Elasticnet.data[["train.exp"]] <- train.exp

Elasticnet.data[["train.Surv"]] <- train.Surv

x <- as.matrix(train.exp)

y <- as.factor(train.Surv$fustat)

seed=1000

set.seed(seed) #

cvfit <- cv.glmnet(x, y, 

                   nfolds = nrow(x),

                   family = "binomial",

                   grouped = FALSE,

                   alpha = 0.9,

                   type.measure = "deviance")

Elasticnet.data[["cvfit"]] <- cvfit

#

myCoefs <- coef(cvfit, s="lambda.min");

lasso_fea <- rownames(coef(cvfit, s = 'lambda.min'))[coef(cvfit, s = 'lambda.min')[,1]!= 0]

if(is.element("(Intercept)", lasso_fea)) {

  lasso_fea <- lasso_fea[-1]

}

#

pred_train <- data.frame(prob = round(predict(cvfit, newx = x,type="response"),4)[,1],

                         tissue = train.Surv$fustat)

pdf("Figure Enet A.pdf",width = 4.5,height = 4)

par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25,las = 1)

plot(cvfit)

dev.off()

pdf("Figure Enet B.pdf",width = 4.5,height = 4)

par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25,las = 1)

plot(cvfit$glmnet.fit, "lambda", label=FALSE)

dev.off()

coeff <- myCoefs@x[-1]; names(coeff) <- lasso_fea

coeff <- sort(coeff,decreasing = F)

coeff.dt <- data.frame(gene = rep(names(coeff),2),

                       coeff = c(as.numeric(coeff),-as.numeric(coeff)),

                       tissue = rep(c("Dead","Alive"),c(length(coeff),length(coeff))))

coeff.dt$gene <- factor(coeff.dt$gene, levels = names(coeff))

p <- ggplot(data=coeff.dt, aes(x=gene, y=coeff,fill = tissue)) +

  geom_bar(stat="identity") + 

  scale_fill_manual(values = c("#E4191B","#357EB8")) + 

  coord_flip() + 

  facet_grid( ~ tissue) +

  theme_bw() +

  ylab("Coefficient") + xlab("") +

  theme(legend.position = "none",

        axis.title = element_text(size = 12,color = "black"),

        axis.text = element_text(color = "black"))

ggsave(p,file = "Figure Enet C.pdf",width = 8,height = 6)

save(Elasticnet.data,file = "Elasticnet.data.rda")#load("Elasticnet.data.rda")

############------1.4-randomForest.pdf--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

a1 <- read.table("Seer-unicox.txt",sep="\t",fill = T,header=T,check.names=F,quote = " ")

dim(a1)

head(a1)

a1$Group <- ifelse(a1$fustat == "1",1,0)

dat <- a1[,4:ncol(a1)]

group <- factor(ifelse(a1$fustat == "1","Dead","Alive"))

model_RF <- randomForest(Group ~ ., 

                         data = dat,

                         ntree = 1000,

                         nPerm = 50,

                         mtry = floor(sqrt(ncol(dat)-1)), 

                         proximity = T,

                         importance = T)

pdf("Figure randomForest.pdf",width = 12,height = 9)

varImpPlot(model_RF)

dev.off()

imp <- as.data.frame(importance(model_RF, type = 1))

sel_var <- imp[order(imp$`%IncMSE`,decreasing = T),,drop = F]

imp.ori <- as.data.frame(importance(model_RF))

write.table(imp.ori,"importance of variables.txt",sep = "\t",row.names = T,col.names = NA,quote = F)

save(model_RF,file = "model_RF.rda")#load("model_RF.rda")

############------1.5-SVM.pdf--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

a1 <- read.table("Seer-unicox.txt",sep="\t",header=T,check.names=F,quote = "")

dim(a1)

head(a1)

input <- a1[,-1]

dim(input)

head(input)

input$group <- ifelse(input$fustat == "1","Dead","Alive")

input <- input[,c(ncol(input),3:(ncol(input)-1))]

head(input)

SVM.SV <- list()

svmRFE(input, k = 5, halve.above = 100)#閲囩敤浜旀姌浜ゅ弶楠岃瘉 (k-fold crossValidation锛?

nfold = 5

nrows = nrow(input)

folds = rep(1:nfold, len=nrows)[sample(nrows)]

folds = lapply(1:nfold, function(x) which(folds == x))

results = lapply(folds, svmRFE.wrap, input, k=5, halve.above=100) #鐗瑰緛閫夋嫨

SVM.SV[["results"]] <- results

top.features = WriteFeatures(results, input, save=F) #鏌ョ湅涓昏鍙橀噺

head(top.features)

SVM.SV[["top.features"]] <- top.features

write.table(top.features,file="feature_svm.txt",sep="\t",row.names=F,quote=F)

save(SVM.SV,file = "SVM.SV.rda")#load("SVM.SV.rda")

############------1.6-rank.pdf--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

###borutafit

load("borutafit.rda")

boruta_fea <- attStats(borutafit)

boruta_fea <- boruta_fea[order(boruta_fea$medianImp,decreasing = T),]

boruta_fea$ID <- rownames(boruta_fea)

boruta_fea$rank <- 1:nrow(boruta_fea)

boruta.fea <- boruta_fea[,c("ID", "rank")]

boruta.fea$type <- "Borutafit"

###randomForest

load("model_RF.rda")

imp.ori <- as.data.frame(importance(model_RF))

imp.ori <- imp.ori[order(imp.ori$`%IncMSE`,decreasing = T),]

imp.ori$ID <- rownames(imp.ori)

imp.ori$rank <- 1:nrow(imp.ori)

imp.ori <- imp.ori[,c("ID", "rank")]

imp.ori$type <- "RandomForest"

###Elasticnet

load("Elasticnet.data.rda")

cvfit <- Elasticnet.data$cvfit

myCoefs <- coef(cvfit, s="lambda.min")

lasso_fea <- rownames(coef(cvfit, s = 'lambda.min'))[coef(cvfit, s = 'lambda.min')[,1]!= 0]

if(is.element("(Intercept)", lasso_fea)) {

  lasso_fea <- lasso_fea[-1] # 鍘绘帀鎴窛椤?

}

Elasticnet.fea <- lasso_fea

coeff <- myCoefs@x[-1]; names(coeff) <- lasso_fea

coeff <- as.data.frame(coeff)

coeff$val <- abs(coeff$coeff)

coeff$ID <- rownames(coeff)

coeff <- coeff[order(coeff$val,decreasing = T),]

coeff$rank <- 1:nrow(coeff)

coeff <- coeff[,c("ID", "rank")]

coeff$type <- "Elasticnet"

###SVM

load("SVM.SV.rda")

top.features <- SVM.SV$top.features

data <- top.features[order(top.features$AvgRank),]

data$FeatureName <- factor(data$FeatureName, levels = data$FeatureName)

p <- ggplot(data, aes(FeatureName, AvgRank)) +

  geom_point(aes(colour = AvgRank, size=AvgRank)) +

  scale_colour_gradientn(colours=c("#35F20D","#F20D0D")) +

  ylab("AvgRank") +

  xlab("clinic") +

  theme_bw() +

  theme(axis.ticks.length=unit(0.5,'cm')) +

  scale_y_continuous(expand=c(0,0)) +

  theme_bw() +

  theme(axis.text.x = element_text(angle = 45, hjust = 1,size = 15), 

        axis.text.y = element_text(size = 15),

        axis.title = element_text(size = 20))

ggsave(p, filename = "Figure SVM.pdf", width = 8, height = 6)

SVM.fea <- top.features[order(top.features$AvgRank,decreasing = T),]

SVM.fea$ID <- SVM.fea$FeatureName

SVM.fea$rank <- 1:nrow(SVM.fea)

SVM.fea <- SVM.fea[,c("ID", "rank")]

SVM.fea$type <- "SVM"

##-----##

data <- rbind(boruta.fea,imp.ori,coeff,SVM.fea)

dim(data)

head(data)

table(data$type)

p <- ggplot(data, aes(ID, rank, fill=type)) +

  geom_bar(stat="identity", position =  position_dodge(width = 0.9), width = 0.75) +

  ylab("rank") + xlab("clinic") +

  theme_bw() +

  theme(axis.ticks.length=unit(0.5,'cm')) +

  scale_y_continuous(expand=c(0,0)) +

  coord_flip() +

  theme_bw() +

  theme(axis.text.x = element_text(size = 15), 

        axis.text.y = element_text(size = 15),

        axis.title = element_text(size = 20))

ggsave(p, filename = "clinic ~ rank.pdf", width = 6, height = 8)

############------1.0-2.0--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

###borutafit

load("borutafit.rda")

boruta_fea <- attStats(borutafit)

boruta_fea <- boruta_fea[order(boruta_fea$medianImp,decreasing = T),]

boruta_fea$ID <- rownames(boruta_fea)

boruta_fea$rank <- 1:nrow(boruta_fea)

boruta.fea <- boruta_fea[,c("ID", "rank")]

boruta.fea$type <- "Borutafit"

###randomForest

load("model_RF.rda")

imp.ori <- as.data.frame(importance(model_RF))

imp.ori <- imp.ori[order(imp.ori$`%IncMSE`,decreasing = T),]

imp.ori$ID <- rownames(imp.ori)

imp.ori$rank <- 1:nrow(imp.ori)

imp.ori <- imp.ori[,c("ID", "rank")]

imp.ori$type <- "RandomForest"

###Elasticnet

load("Elasticnet.data.rda")

cvfit <- Elasticnet.data$cvfit

myCoefs <- coef(cvfit, s="lambda.min")

lasso_fea <- rownames(coef(cvfit, s = 'lambda.min'))[coef(cvfit, s = 'lambda.min')[,1]!= 0]

if(is.element("(Intercept)", lasso_fea)) {

  lasso_fea <- lasso_fea[-1] # 鍘绘帀鎴窛椤?

}

Elasticnet.fea <- lasso_fea

coeff <- myCoefs@x[-1]; names(coeff) <- lasso_fea

coeff <- as.data.frame(coeff)

coeff$val <- abs(coeff$coeff)

coeff$ID <- rownames(coeff)

coeff <- coeff[order(coeff$val,decreasing = T),]

coeff$rank <- 1:nrow(coeff)

coeff <- coeff[,c("ID", "rank")]

coeff$type <- "Elasticnet"

###SVM

load("SVM.SV.rda")

top.features <- SVM.SV$top.features

SVM.fea <- top.features[order(top.features$AvgRank,decreasing = T),]

SVM.fea$ID <- SVM.fea$FeatureName

SVM.fea$rank <- 1:nrow(SVM.fea)

SVM.fea <- SVM.fea[,c("ID", "rank")]

SVM.fea$type <- "SVM"

data <- rbind(boruta.fea,imp.ori,coeff,SVM.fea)

dim(data)

head(data)

table(data$type)

data.order <- as.data.frame(group_by(data, ID) %>% summarize_each(funs(mean), rank))

data.order <- data.order[order(data.order$rank),]

features <- data.order$ID[1:5]

###age銆乬rade銆乀銆丷NE銆丩NMR

#######----***--------------------------########

setwd("E:/case_STAD_SEER/Seer")

testfun<-function(x){

  m=1

  for (i in x){m=m*i}

  return(m)

}

a1 <- read.table("Seer-unicox.txt",sep="\t",header=T,check.names=F,quote = "")

dim(a1)

head(a1)

rownames(a1) <- paste0("Seer",rownames(a1))

dim(a1)

head(a1)

a2 <- read.table("validation.txt",sep="\t",header=T,check.names=F,quote = "")

dim(a2)

head(a2)

rownames(a2) <- paste0("Vali",a2$PatientID)

dim(a2)

head(a2)

comfea <- intersect(intersect(colnames(a1),colnames(a2)),features)

rt <- rbind(a1[,c("PatientID", "futime", "fustat",comfea)],a2[,c("PatientID", "futime", "fustat",comfea)])

dim(rt)

head(rt)

data <- cbind(rt[,1:3],(rt[,4:ncol(rt)] + 1))

dim(data)

head(data)

for (j in 2:length(features)) {

  # j=3

  cat(paste0("features = ",j,"\n"))

  combined.features <- as.data.frame(combn(features,j))

  for (i in 1:ncol(combined.features)) {

    #   i=1

    names <- levels(combined.features[,i])

    data[,paste(names,collapse = "_")]  <-  apply(data[,names], 1, testfun)

  }

}

dim(data)

head(data[,1:5])

write.table(data[substr(rownames(data),1,4) == "Seer",],"STAD_Seer-f.txt",sep = "\t",row.names = T,col.names = T,quote = F)

write.table(data[substr(rownames(data),1,4) != "Seer",],"STAD_Vali-f.txt",sep = "\t",row.names = T,col.names = T,quote = F)

############------2.0~4.0-lasso analysis--------------------------------------------------------------------------------------------------############

# set working path

workdir <- "E:/case_STAD_SEER/Seer"; setwd(workdir)

# customized function

display.progress = function (index, totalN, breakN=20) {

  if ( index %% ceiling(totalN/breakN)  ==0  ) {

    cat(paste(round(index*100/totalN), "% ", sep=""))

  }

} 

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

# load data #

tpms <- read.table("STAD_Seer-f.txt",row.names = 1,sep = "\t",check.names = F,stringsAsFactors = F,header = T)

tpms <- tpms[which(tpms$futime > 0),]

tum.sam <- rownames(tpms)

geo1.tpms <- read.table("STAD_Vali-f.txt",sep = "\t",row.names = 1,check.names = F,stringsAsFactors = F,header = T)

geo1.tpms <- geo1.tpms[which(geo1.tpms$futime > 0),]

# univariate cox regression

Coxoutput <- NULL

for(i in colnames(tpms[,4:ncol(tpms)])){

  cox <- coxph(Surv(futime, fustat) ~ as.numeric(tpms[,i]), data = tpms)

  coxSummary = summary(cox)

  Coxoutput <- rbind.data.frame(Coxoutput,

                                data.frame(gene=i,

                                           HR=as.numeric(coxSummary$coefficients[,"exp(coef)"])[1],

                                           z=as.numeric(coxSummary$coefficients[,"z"])[1],

                                           pvalue=as.numeric(coxSummary$coefficients[,"Pr(>|z|)"])[1],

                                           lower=as.numeric(coxSummary$conf.int[,3][1]),

                                           upper=as.numeric(coxSummary$conf.int[,4][1]),

                                           stringsAsFactors = F),

                                stringsAsFactors = F)

}

Coxoutput <- Coxoutput[order(Coxoutput$pvalue),]

write.table(Coxoutput,"Coxoutput.tcga.txt",sep = "\t",row.names = F,quote = F)

rownames(Coxoutput) <- Coxoutput$gene

# survival-related genes

surv.genes <- Coxoutput[which(Coxoutput$pvalue < 0.05),]

table(surv.genes$HR < 1)

write.table(surv.genes,"surv.genes.txt",sep = "\t",row.names = F,quote = F)

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

# validation data #

geo1.tpms <- geo1.tpms[,c("PatientID","fustat","futime",rownames(surv.genes))]

# for loop to search optimal combination

outTab <- NULL

#for (seed in 1:10000) {

  seed = 325 # please set this after referring to outTab.txt

  cat(paste0("seed = ",seed,"\n"))

  createFolds <- function(strat_id, k) {

    set.seed(seed)

    if(k > length(strat_id)) {

      k <- length(strat_id)

    }


    perm <- sample(length(strat_id))

    strat_id <- factor(strat_id, levels=sample(unique(strat_id)))

    strat_order <- order(strat_id[perm])

    num_item_per_fold_ceil <- ceiling(length(strat_id) / k)

    fold_ids <- rep(seq_len(k), times= num_item_per_fold_ceil)

    fold_ids <- fold_ids[seq_along(strat_id)]

    folds <- split(perm[strat_order], fold_ids)

    names(folds) <- paste0("Fold", seq_len(k))


    return(folds)

  }

  fold <- createFolds(tum.sam,5)

#  for (i in 1:5) {

    risk <- NULL

    i=5 # please set this after referring to outTab.txt

    train_sam <- tum.sam[-fold[[i]]]

    test_sam <- setdiff(tum.sam,train_sam)

    set.seed(seed = seed)

    tmp <- tpms[train_sam,c("futime","fustat",rownames(surv.genes))]

    colnames(tmp) <- make.names(colnames(tmp))

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

    cvfit = cv.glmnet(as.matrix(tmp[,-c(1:2)]),

                      Surv(tmp$futime,tmp$fustat),

                      family = "cox",

                      alpha = 1,

                      nfold = 10) #

    myCoefs <- coef(cvfit, s="lambda.min");

    fea <- rownames(coef(cvfit, s = 'lambda.min'))[coef(cvfit, s = 'lambda.min')[,1]!= 0]

    if(is.element("(Intercept)", fea)) {

      lasso_fea <- fea[-1]

      lasso_coef <- myCoefs@x; names(lasso_coef) <- lasso_fea

    } else {

      lasso_fea <- fea

      lasso_coef <- myCoefs@x; names(lasso_coef) <- lasso_fea

    }

    lasso_coef.hr <- data.frame(gene = names(lasso_coef),

                                coef = lasso_coef,

                                hr = Coxoutput[names(lasso_coef),"HR"],

                                low.ci = Coxoutput[names(lasso_coef),"lower"],

                                upp.ci = Coxoutput[names(lasso_coef),"upper"],

                                stringsAsFactors = F)

    lasso_coef.hr <- lasso_coef.hr[order(lasso_coef.hr$coef,decreasing = F),]

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

    if(length(lasso_fea) > 1) {

      # risk score in training

      tmp <- as.matrix(tpms[train_sam,lasso_fea])

      risk.score <- apply(tmp,1,function(x) {x %*% myCoefs@x})

      risk.score.train <- risk.score

      tmp <- tpms[names(risk.score),1:3]

      tmp$futime <- tmp$futime/30.5

      tmp$risk.score <- as.numeric(risk.score)

      tmp$RiskGroup <- ifelse(tmp$risk.score > median(risk.score) ,"HRisk","LRisk")

      risk <- rbind.data.frame(risk,

                               data.frame(samID = train_sam,

                                          PatientID = tmp$PatientID,

                                          riskscore = tmp$risk.score,

                                          riskgroup = tmp$RiskGroup,

                                          cohort = "SEER training",

                                          stringsAsFactors = F),

                               stringsAsFactors = F)

      fitd <- survdiff(Surv(futime, fustat) ~ RiskGroup, data=tmp, na.action=na.exclude)

      p1 <- 1-pchisq(fitd$chisq, length(fitd$n)-1)

      fit <- survfit(Surv(futime, fustat)~ RiskGroup, data=tmp, type="kaplan-meier", error="greenwood", conf.type="plain", na.action=na.exclude)

      pdf("KM for SEER training.pdf",width = 4.5,height = 4)

      par(bty="n", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

      plot(fit, col = jco[2:1], lwd = 1.4, xlab="Time (Months)", ylab="Overall survival",mark.time = T)

      par(xpd=TRUE)

      legend(x=50, y=1.05, bty="n", "Risk", cex=1, text.font=2)

      legend(x=50, y=0.97, bty="n", text.col = jco[2:1], c("High (n = 196)","Low (n = 196)"), cex=0.9)

      text(x=0, y=0.05, paste0("P ",ifelse(p1 < 0.001,"< 0.001",paste0("= ",round(p1,3)))), cex=1, pos=4)

      invisible(dev.off())

      fit <- coxph(Surv(futime,fustat) ~ risk.score,data = tmp)

      cindex.train <- concordance.index(predict(fit),surv.time = tmp$futime,surv.event = tmp$fustat,method = "noether")

      train.roc5 <- survivalROC(Stime=tmp$futime,

                                status=tmp$fustat,

                                marker = tmp$risk.score,

                                predict.time =5*12, 

                                method="KM")

      train.roc3 <- survivalROC(Stime=tmp$futime,

                                status=tmp$fustat,

                                marker = tmp$risk.score,

                                predict.time =3*12, 

                                method="KM")

      train.roc1 <- survivalROC(Stime=tmp$futime,

                                status=tmp$fustat,

                                marker = tmp$risk.score,

                                predict.time =1*12, 

                                method="KM")

      pdf(file = "survivalROC for training dataset.pdf",width = 4,height = 4)

      par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25)

      plot(train.roc5$FP, train.roc5$TP, type="l", xlim=c(0,1), ylim=c(0,1),col=jco[1],

           xlab="1-Specificity (FPR)", ylab="Sensitivity (TPR)",

           lwd = 2,main = "SEER training dataset")

      lines(x=c(0,1),y=c(0,1),lwd=1.5,lty=2,col="grey40")

      text(0.5,0.18,paste0("5-year AUC: ", round(train.roc5$AUC,2)),cex = 1,col = jco[1],adj = 0)

      lines(train.roc3$FP, train.roc3$TP, col=jco[2],lwd = 2)

      text(0.5,0.12,paste0("3-year AUC: ", round(train.roc3$AUC,2)),cex = 1,col = jco[2],adj = 0)

      lines(train.roc1$FP, train.roc1$TP, col=jco[4],lwd = 2)

      text(0.5,0.06,paste0("1-year AUC: ",round(train.roc1$AUC,2)),cex = 1,col = jco[4],adj = 0)

      text(0.5,0,paste0("C-index: ", round(cindex.train$c.index,2)),adj = 0)

      invisible(dev.off())

      # risk score in internal testing

      tmp <- as.matrix(tpms[test_sam,lasso_fea])

      risk.score <- apply(tmp,1,function(x) {x %*% myCoefs@x})

      risk.score.test <- risk.score

      tmp <- tpms[names(risk.score),1:3]

      tmp$futime <- tmp$futime/30.5

      tmp$risk.score <- as.numeric(risk.score)

      tmp$RiskGroup <- ifelse(tmp$risk.score > median(risk.score) ,"HRisk","LRisk")

      risk <- rbind.data.frame(risk,

                               data.frame(samID = test_sam,

                                          PatientID = tmp$PatientID,

                                          riskscore = tmp$risk.score,

                                          riskgroup = tmp$RiskGroup,

                                          cohort = "SEER testing",

                                          stringsAsFactors = F),

                               stringsAsFactors = F)

      fitd <- survdiff(Surv(futime, fustat) ~ RiskGroup, data=tmp, na.action=na.exclude)

      p2 <- 1-pchisq(fitd$chisq, length(fitd$n)-1)

      fit <- survfit(Surv(futime, fustat)~ RiskGroup, data=tmp, type="kaplan-meier", error="greenwood", conf.type="plain", na.action=na.exclude)

      pdf("KM for SEER testing.pdf",width = 4.5,height = 4)

      par(bty="n", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

      plot(fit, col = jco[2:1], lwd = 1.4, xlab="Time (Months)", ylab="Overall survival",mark.time = T)

      par(xpd=TRUE)

      legend(x=50, y=1.05, bty="n", "Risk", cex=1, text.font=2)

      legend(x=50, y=0.97, bty="n", text.col = jco[2:1], c("High (n = 49)","Low (n = 49)"), cex=0.9)

      text(x=0, y=0.05, paste0("P ",ifelse(p2 < 0.001,"< 0.001",paste0("= ",round(p2,3)))), cex=1, pos=4)

      invisible(dev.off())

      fit <- coxph(Surv(futime,fustat) ~ risk.score,data = tmp)

      cindex.test <- concordance.index(predict(fit),surv.time = tmp$futime,surv.event = tmp$fustat,method = "noether")

      test.roc5 <- survivalROC(Stime=tmp$futime,

                               status=tmp$fustat,

                               marker = tmp$risk.score,

                               predict.time =5*12, 

                               method="KM")

      test.roc3 <- survivalROC(Stime=tmp$futime,

                               status=tmp$fustat,

                               marker = tmp$risk.score,

                               predict.time =3*12, 

                               method="KM")

      test.roc1 <- survivalROC(Stime=tmp$futime,

                               status=tmp$fustat,

                               marker = tmp$risk.score,

                               predict.time =1*12, 

                               method="KM")

      pdf(file = "survivalROC for internal testing dataset.pdf",width = 4,height = 4)

      par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25)

      plot(test.roc5$FP, test.roc5$TP, type="l", xlim=c(0,1), ylim=c(0,1),col=jco[1],

           xlab="1-Specificity (FPR)", ylab="Sensitivity (TPR)",

           lwd = 2,main = "SEER testing dataset")

      lines(x=c(0,1),y=c(0,1),lwd=1.5,lty=2,col="grey40")

      text(0.5,0.18,paste0("5-year AUC: ", round(test.roc5$AUC,2)),cex = 1,col = jco[1],adj = 0)

      lines(test.roc3$FP, test.roc3$TP, col=jco[2],lwd = 2)

      text(0.5,0.12,paste0("3-year AUC: ", round(test.roc3$AUC,2)),cex = 1,col = jco[2],adj = 0)

      lines(test.roc1$FP, test.roc1$TP, col=jco[4],lwd = 2)

      text(0.5,0.06,paste0("1-year AUC: ",round(test.roc1$AUC,2)),cex = 1,col = jco[4],adj = 0)

      text(0.5,0,paste0("C-index: ", round(cindex.test$c.index,2)),adj = 0)

      invisible(dev.off())

      # risk score in external validation

      tmp <- as.matrix(geo1.tpms[,lasso_fea])

      risk.score <- apply(tmp,1,function(x) {x %*% myCoefs@x})

      risk.score.validate <- risk.score

      tmp <- geo1.tpms[names(risk.score),1:3]

      tmp$futime <- tmp$futime/30.5

      tmp$risk.score <- as.numeric(risk.score)

      tmp$RiskGroup <- ifelse(tmp$risk.score > median(risk.score) ,"HRisk","LRisk")

      risk <- rbind.data.frame(risk,

                               data.frame(samID = rownames(geo1.tpms),

                                          PatientID = tmp$PatientID,

                                          riskscore = tmp$risk.score,

                                          riskgroup = tmp$RiskGroup,

                                          cohort = "external validating",

                                          stringsAsFactors = F),

                               stringsAsFactors = F)

      fitd <- survdiff(Surv(futime, fustat) ~ RiskGroup, data=tmp, na.action=na.exclude)

      p3 <- 1-pchisq(fitd$chisq, length(fitd$n)-1)

      fit <- survfit(Surv(futime, fustat)~ RiskGroup, data=tmp, type="kaplan-meier", error="greenwood", conf.type="plain", na.action=na.exclude)

      pdf("KM for external validation.pdf",width = 4.5,height = 4)

      par(bty="n", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

      plot(fit, col = jco[2:1], lwd = 1.4, xlab="Time (Months)", ylab="Overall survival",mark.time = T)

      par(xpd=TRUE)

      legend(x=50, y=1.05, bty="n", "Risk", cex=1, text.font=2)

      legend(x=50, y=0.97, bty="n", text.col = jco[2:1], c("High (n = 63)","Low (n = 64)"), cex=0.9)

      text(x=0, y=0.05, paste0("P ",ifelse(p3 < 0.001,"< 0.001",paste0("= ",round(p3,3)))), cex=1, pos=4)

      invisible(dev.off())

      fit <- coxph(Surv(futime,fustat) ~ risk.score,data = tmp)

      cindex.validate <- concordance.index(predict(fit),surv.time = tmp$futime,surv.event = tmp$fustat,method = "noether")

      validate.roc5 <- survivalROC(Stime=tmp$futime,

                                   status=tmp$fustat,

                                   marker = tmp$risk.score,

                                   predict.time =5*12, 

                                   method="KM")

      validate.roc3 <- survivalROC(Stime=tmp$futime,

                                   status=tmp$fustat,

                                   marker = tmp$risk.score,

                                   predict.time =3*12, 

                                   method="KM")

      validate.roc1 <- survivalROC(Stime=tmp$futime,

                                   status=tmp$fustat,

                                   marker = tmp$risk.score,

                                   predict.time =1*12, 

                                   method="KM")

      pdf(file = "survivalROC for external validation dataset.pdf",width = 4,height = 4)

      par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25)

      plot(validate.roc5$FP, validate.roc5$TP, type="l", xlim=c(0,1), ylim=c(0,1),col=jco[1],

           xlab="1-Specificity (FPR)", ylab="Sensitivity (TPR)",

           lwd = 2,main = "external validation dataset")

      lines(x=c(0,1),y=c(0,1),lwd=1.5,lty=2,col="grey40")

      text(0.5,0.18,paste0("5-year AUC: ", round(validate.roc5$AUC,2)),cex = 1,col = jco[1],adj = 0)

      lines(validate.roc3$FP, validate.roc3$TP, col=jco[2],lwd = 2)

      text(0.5,0.12,paste0("3-year AUC: ", round(validate.roc3$AUC,2)),cex = 1,col = jco[2],adj = 0)

      lines(validate.roc1$FP, validate.roc1$TP, col=jco[4],lwd = 2)

      text(0.5,0.06,paste0("1-year AUC: ",round(validate.roc1$AUC,2)),cex = 1,col = jco[4],adj = 0)

      text(0.5,0,paste0("C-index: ", round(cindex.validate$c.index,2)),adj = 0)

      invisible(dev.off())

      model.gene <- length(unique(lasso_coef.hr$gene))

      if(p1 < 0.05 & p2 < 0.05 & p3 < 0.05) {

        cat(paste0("seed=",seed,"; i=",i,

                   "; p.train=",round(p1,3),"; p.test=",round(p2,3),

                   "; cindex.train=",round(cindex.train$c.index,2),"; cindex.test=",round(cindex.test$c.index,2),"\n"))

        cat("\n")

        outTab <- rbind.data.frame(outTab,data.frame(seed=seed,

                                                     i=i,

                                                     model.gene.num = model.gene,

                                                     p.train=p1,

                                                     cindex.train=cindex.train$c.index,

                                                     roc5.train = train.roc5$AUC,

                                                     roc3.train = train.roc3$AUC,

                                                     roc1.train = train.roc1$AUC,

                                                     p.test=p2,

                                                     cindex.test=cindex.test$c.index,

                                                     roc5.test = test.roc5$AUC,

                                                     roc3.test = test.roc3$AUC,

                                                     roc1.test = test.roc1$AUC,

                                                     p.validation=p3,

                                                     cindex.validate=cindex.validate$c.index,

                                                     roc5.validate = validate.roc5$AUC,

                                                     roc3.validate = validate.roc3$AUC,

                                                     roc1.validate = validate.roc1$AUC,

                                                     stringsAsFactors = F),

                                   stringsAsFactors = F)

#      }

#    }

  }

#  write.table(outTab,paste0("outTab",seed,".txt"),sep = "\t",row.names = F,quote = F) # please refer to this file to get the optimal combination

}

write.table(outTab,"outTab.txt",sep = "\t",row.names = F,quote = F) # please refer to this file to get the optimal combination

write.table(risk,"risk.txt",sep = "\t",row.names = F,quote = F)

# 1. coef_hr bar plot

darkred   <- "#F2042C"

darkblue   <- "#21498D"

cutoff <- 0.1

lasso_coef.hr$group <- as.character(cut(lasso_coef.hr$coef, breaks = c(-Inf, -cutoff, cutoff, Inf),labels = c("#21498D","#EABF00","#21498D")))

pdf("lasso_coef_hr.pdf",width = 5,height = 5)

par(bty="n", mgp = c(1.7,.33,0),mar=c(2.5,2.7,1,1)+.1, las=1, tcl=-.25,xpd = T)

a <- barplot(lasso_coef.hr$coef,col = lasso_coef.hr$group,border = NA,

             horiz = T,xlim = c(-1,1),add=F,xaxt = "n")

axis(side = 1, at = c(-1,-0.8,-0.6,-0.4,-0.2,0,0.2,0.4,0.6,0.8,1),

     labels = c("-1","-.8","-.6","-.4","-.2","0",".2",".4",".6",".8","1"))

points(y = a[,1], x = log2(lasso_coef.hr$hr),

       col = lasso_coef.hr$group,

       pch = 19,cex = 1.5)

for (i in 1:nrow(lasso_coef.hr)) {

  text(y = a[,1][i],x = lasso_coef.hr$coef[i],labels = lasso_coef.hr$gene[i],adj = ifelse(lasso_coef.hr$coef[i]>0,0,1))

}

points(0.6,2,pch = 15, cex = 1.5)

points(0.6,1,pch = 19, cex = 1.5)

text(0.6,2,"log2(HR)",pos = 4)

text(0.6,1,"Coefficient",pos = 4)

invisible(dev.off())

write.table(lasso_coef.hr[,1:5], "lasso coefficient.txt",sep = "\t",row.names = F,col.names = T,quote = F)

# 2. lasso details

pdf("lasso.pdf",width = 4.5,height = 4)

par(bty="o", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25,xpd = F)

plot(cvfit$glmnet.fit, "lambda", label=F)

abline(v=log(cvfit$lambda.min),lwd=2,col="grey60",lty=4)

invisible(dev.off())

pdf("cvfit.pdf",width = 4.5,height = 4)

par(bty="o", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

plot(cvfit)

abline(h=min(cvfit$cvm),lwd=2,col="black",lty=4)

points(log(cvfit$lambda.min),min(cvfit$cvm),pch=18,cex=2,col="black")

points(log(cvfit$lambda.min),min(cvfit$cvm),pch=18,cex=1.5,col="#008B8A")

invisible(dev.off())

############------6.0-Survival analysis--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

rt=read.table("input1.txt",header=T,sep="\t",check.names=F,row.names=1)

head(rt)

dim(rt)

#

uniTab=data.frame()

for(i in colnames(rt[,3:ncol(rt)])){

  cox <- coxph(Surv(futime, fustat) ~ rt[,i], data = rt)

  coxSummary = summary(cox)

  uniTab=rbind(uniTab,

               cbind(id=i,

                     HR=coxSummary$conf.int[,"exp(coef)"],

                     HR.95L=coxSummary$conf.int[,"lower .95"],

                     HR.95H=coxSummary$conf.int[,"upper .95"],

                     pvalue=coxSummary$coefficients[,"Pr(>|z|)"])

  )

}

write.table(uniTab,file="uniCox.txt",sep="\t",row.names=F,quote=F)

#

multiCox=coxph(Surv(futime, fustat) ~ ., data = rt)

multiCoxSum=summary(multiCox)

multiTab=data.frame()

multiTab=cbind(

  HR=multiCoxSum$conf.int[,"exp(coef)"],

  HR.95L=multiCoxSum$conf.int[,"lower .95"],

  HR.95H=multiCoxSum$conf.int[,"upper .95"],

  pvalue=multiCoxSum$coefficients[,"Pr(>|z|)"])

multiTab=cbind(id=row.names(multiTab),multiTab)

write.table(multiTab,file="multiCox.txt",sep="\t",row.names=F,quote=F)

###

bioForest(coxFile="uniCox.txt",forestFile="uniForest.pdf")

bioForest(coxFile="multiCox.txt",forestFile="multiForest.pdf")

############------7.0-Clinical relevance--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

inputFile="input1.txt"

rt=read.table(inputFile,sep="\t",header=T,check.names=F)

rt <- rt[,-1]

head(rt)

dim(rt)

clinicalNum=12

pFilter=0.999

outTab=data.frame(gene=c("riskscore"))

for(clinical in colnames(rt[,2:(clinicalNum+1)])){

  xlabel=vector()

  tab1=table(rt[,clinical])

  labelNum=length(tab1)

  dotCol=c("blue","red")

  if(labelNum==3){

    dotCol=c(2,3,4)

  }

  if(labelNum==4){

    dotCol=c(2,3,4,5)

  }

  if(labelNum>4){

    dotCol=rainbow(labelNum)

  }

  for(i in 1:labelNum){

    xlabel=c(xlabel,names(tab1[i]) )

  }

  clinicalPvalVector=c()

  for(i in c("riskscore")){

    rt1=rbind(expression=rt[,i],clinical=rt[,clinical])

    rt1=as.matrix(t(rt1))

    if(labelNum==2){

      cliTest<-t.test(expression ~ clinical, data=rt1)

    }else{

      cliTest<-kruskal.test(expression ~ clinical, data = rt1)}

    pValue=cliTest$p.value

    stat=round(cliTest$statistic,3)

    pval=0

    if(pValue<0.05){

      pval=signif(pValue,4)

      pval=format(pval, scientific = TRUE)

    }else{

      pval=sprintf("%.03f",pValue)

    }

    clinicalPvalVector=c(clinicalPvalVector,paste0(stat,"(",pval,")"))

    if(pValue<pFilter){

      b = boxplot(expression ~ clinical, data = rt1,outline = FALSE, plot=F)

      yMin=min(b$stats)

      yMax = max(b$stats/5+b$stats)

      n = ncol(b$stats)

      outPdf=paste0(i,".",clinical,".pdf")

      pdf(file=outPdf,width = 7,height = 5)

      par(mar = c(4.5,6,3,3))

      ylab=ifelse(i=="riskscore","Risk score","Gene expression")

      boxplot(expression ~ clinical, data = rt1,names=xlabel,

              ylab = ylab,main=paste0(i," (p=",pval,")"),xlab=clinical,

              cex.main=1.4, cex.lab=1.4, cex.axis=1.3,ylim=c(yMin,yMax),outline = FALSE)

      beeswarm(expression ~ clinical, data = rt1, col =dotCol, lwd=0.1, cex=0.1,

               pch = 16, add = TRUE, corral="wrap")

      dev.off()

    }

  }

  outTab=cbind(outTab,clinicalPvalVector)

}

colnames(outTab)=c("id",colnames(rt[,2:(clinicalNum+1)]))

write.table(outTab,file="clinicalCor.xls",sep="\t",row.names=F,quote=F)

############------8.0-Clinic~fustat--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

rt=read.table("input.txt",sep="\t",header=T,check.names=F)

rt <- rt[,-c(1,15,17)]

head(rt)

dim(rt)

rt$riskgroup <- ifelse(rt$riskgroup == "LRisk",1,2)

rt$ID <- rownames(rt)

a6 <- melt(rt,id.vars = c("ID", "futime", "fustat"))

head(a6)

dim(a6)

a6$fustat <- ifelse(a6$fustat==1,"Death","Alive")

clinicname <- levels(a6$variable)

outTab=data.frame(row.names = c("Alive", "Death"))

for (i in clinicname) {

  a7 <- a6[a6$variable == i,]

  for (j in 1:length(table(a7$value))) {

    a8 <- a7[a7$value == names(table(a7$value))[j],]

    tmp <- as.data.frame(prop.table(table(a8$fustat)))

    head(tmp)

    rownames(tmp) <- tmp$Var1

    tmp <- tmp[rownames(outTab),]

    outTab[,paste0(i,"-",j)] <- tmp$Freq

  }

}

dim(outTab)

head(outTab)

data <- outTab

data$fustat <- rownames(data)

data_p <- melt(data, id.vars = c("fustat"))

head(data_p)

data_p <- data_p[order(data_p$value,decreasing = T),]

data_p$variable <- factor(data_p$variable,levels = data_p[data_p$fustat=="Death",]$variable)

p <- ggplot(data_p, aes(variable, value, fill=fustat)) +

  geom_bar(stat="identity", position = "fill", width = 0.75) +

  guides(fill=guide_legend(title = NULL)) +

  ylab("fustat") + xlab("clinic") +

  theme_bw() +

  theme(axis.ticks.length=unit(0.5,'cm')) +

  scale_y_continuous(expand=c(0,0)) +

  coord_flip() +

  theme_classic() +

  theme(axis.text.x = element_text(size = 15), 

        axis.text.y = element_text(size = 15),

        axis.title = element_text(size = 20))

ggsave(p, filename = "clinic ~ fustat.pdf", width = 8, height = 12)

############------9.0-Clinic~ROC--------------------------------------------------------------------------------------------------############

setwd("E:/case_STAD_SEER/Seer")

rt=read.table("input.txt",sep="\t",header=T,check.names=F)

rt <- rt[,-c(1,17)]

head(rt)

dim(rt)

rt$ID <- rownames(rt)

a6 <- melt(rt,id.vars = c("ID", "futime", "fustat", "riskscore", "riskgroup"))

head(a6)

dim(a6)

clinicname <- levels(a6$variable)

sc_median.data <- list()

n=1

for (i in clinicname) {

  a7 <- a6[a6$variable == i,]

  for (j in 1:length(table(a7$value))) {

    a8 <- a7[a7$value == names(table(a7$value))[j],]

    svdata <- a8[,c(4,2,3,5)]

    if(min(table(svdata$riskgroup)) != 0){

      #

      ssdf<-svdata[order(svdata$riskscore),]

      fit<-survfit(Surv(futime,fustat)~riskgroup,data=ssdf)

      sc_median<-ggsurvplot(fit, linetype = "strata", conf.int = F, pval = TRUE,palette = c("#D95F02","#1B9E77"),legend.title="",legend=c(0.7,0.9),legend.labs=c("High-Risk","Low-Risk"))

      pdf(file=paste0("roc/",n,".",i,"_",j,".pdf"))

      print(sc_median$plot)

      dev.off()

      n=n+1

      sc_median.data[[paste0(i,"_",j,".pdf")]] <- sc_median

    }

  }

}

############------10-lasso~model--------------------------------------------------------------------------------------------------############

# load R packages

library(glmnet)

library(survival)

library(pheatmap)

library(gplots)

library(survcomp)

library(survivalROC)

# customized function

display.progress = function (index, totalN, breakN=20) {

  if ( index %% ceiling(totalN/breakN)  ==0  ) {

    cat(paste(round(index*100/totalN), "% ", sep=""))

  }

} 

# set colors

jco <- c("#2874C5","#EABF00","#868686","#C6524A","#80A7DE")

# set working path

workdir <- "E:/case_STAD_SEER"; setwd(workdir)

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

# training data #

tpms <- read.table("STAD_Seer-f4.txt",row.names = 1,sep = "\t",check.names = F,stringsAsFactors = F,header = T)

tpms <- tpms[which(tpms$futime > 0),]

tum.sam <- rownames(tpms)

geo1.tpms <- read.table("STAD_Vali-f4.txt",sep = "\t",row.names = 1,check.names = F,stringsAsFactors = F,header = T)

geo1.tpms <- geo1.tpms[which(geo1.tpms$futime > 0),]

# univariate cox regression

Coxoutput <- NULL

for(i in colnames(tpms[,4:ncol(tpms)])){

  cox <- coxph(Surv(futime, fustat) ~ as.numeric(tpms[,i]), data = tpms)

  coxSummary = summary(cox)

  Coxoutput <- rbind.data.frame(Coxoutput,

                                data.frame(gene=i,

                                           HR=as.numeric(coxSummary$coefficients[,"exp(coef)"])[1],

                                           z=as.numeric(coxSummary$coefficients[,"z"])[1],

                                           pvalue=as.numeric(coxSummary$coefficients[,"Pr(>|z|)"])[1],

                                           lower=as.numeric(coxSummary$conf.int[,3][1]),

                                           upper=as.numeric(coxSummary$conf.int[,4][1]),

                                           stringsAsFactors = F),

                                stringsAsFactors = F)

}

Coxoutput <- Coxoutput[order(Coxoutput$pvalue),]

write.table(Coxoutput,"Coxoutput.tcga.txt",sep = "\t",row.names = F,quote = F)

rownames(Coxoutput) <- Coxoutput$gene

# survival-related genes

surv.genes <- Coxoutput[which(Coxoutput$pvalue < 0.05),]

table(surv.genes$HR < 1)

write.table(surv.genes,"surv.genes.txt",sep = "\t",row.names = F,quote = F)

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

# validation data #

geo1.tpms <- geo1.tpms[,c("PatientID","fustat","futime",rownames(surv.genes))]

outTab <- NULL

  seed = 85 # please set this after referring to outTab.txt

  cat(paste0("seed = ",seed,"\n"))

  createFolds <- function(strat_id, k) {

    set.seed(seed)

    if(k > length(strat_id)) {

      k <- length(strat_id)

    }


    perm <- sample(length(strat_id))

    strat_id <- factor(strat_id, levels=sample(unique(strat_id)))

    strat_order <- order(strat_id[perm])

    num_item_per_fold_ceil <- ceiling(length(strat_id) / k)

    fold_ids <- rep(seq_len(k), times= num_item_per_fold_ceil)

    fold_ids <- fold_ids[seq_along(strat_id)]

    folds <- split(perm[strat_order], fold_ids)

    names(folds) <- paste0("Fold", seq_len(k))


    return(folds)

  }

  fold <- createFolds(tum.sam,5)

    risk <- NULL

    i=5 # please set this after referring to outTab.txt

    train_sam <- tum.sam[-fold[[i]]]

    test_sam <- setdiff(tum.sam,train_sam)

    set.seed(seed = seed)

    tmp <- tpms[train_sam,c("futime","fustat",rownames(surv.genes))]

    colnames(tmp) <- make.names(colnames(tmp))

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

    #             you can change other model to select features                #

    cvfit = cv.glmnet(as.matrix(tmp[,-c(1:2)]),

                      Surv(tmp$futime,tmp$fustat),

                      family = "cox",

                      alpha = 1,

                      nfold = 10) #

    myCoefs <- coef(cvfit, s="lambda.min");

    fea <- rownames(coef(cvfit, s = 'lambda.min'))[coef(cvfit, s = 'lambda.min')[,1]!= 0]

    if(is.element("(Intercept)", fea)) {

      lasso_fea <- fea[-1] # 鍘绘帀鎴窛椤瑰苟鎺掑簭

      lasso_coef <- myCoefs@x; names(lasso_coef) <- lasso_fea

    } else {

      lasso_fea <- fea

      lasso_coef <- myCoefs@x; names(lasso_coef) <- lasso_fea

    }

    lasso_coef.hr <- data.frame(gene = names(lasso_coef),

                                coef = lasso_coef,

                                hr = Coxoutput[names(lasso_coef),"HR"],

                                low.ci = Coxoutput[names(lasso_coef),"lower"],

                                upp.ci = Coxoutput[names(lasso_coef),"upper"],

                                stringsAsFactors = F)

    lasso_coef.hr <- lasso_coef.hr[order(lasso_coef.hr$coef,decreasing = F),]

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

    if(length(lasso_fea) > 1) {

      # risk score in training

      tmp <- as.matrix(tpms[train_sam,lasso_fea])

      risk.score <- apply(tmp,1,function(x) {x %*% myCoefs@x})

      risk.score.train <- risk.score

      tmp <- tpms[names(risk.score),1:3]

      tmp$futime <- tmp$futime/30.5

      tmp$risk.score <- as.numeric(risk.score)

      tmp$RiskGroup <- ifelse(tmp$risk.score > median(risk.score) ,"HRisk","LRisk")

      risk <- rbind.data.frame(risk,

                               data.frame(samID = train_sam,

                                          PatientID = tmp$PatientID,

                                          riskscore = tmp$risk.score,

                                          riskgroup = tmp$RiskGroup,

                                          cohort = "SEER training",

                                          stringsAsFactors = F),

                               stringsAsFactors = F)

      fitd <- survdiff(Surv(futime, fustat) ~ RiskGroup, data=tmp, na.action=na.exclude)

      p1 <- 1-pchisq(fitd$chisq, length(fitd$n)-1)

      fit <- survfit(Surv(futime, fustat)~ RiskGroup, data=tmp, type="kaplan-meier", error="greenwood", conf.type="plain", na.action=na.exclude)

      pdf("KM for SEER training.pdf",width = 4.5,height = 4)

      par(bty="n", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

      plot(fit, col = jco[2:1], lwd = 1.4, xlab="Time (Months)", ylab="Overall survival",mark.time = T)

      par(xpd=TRUE)

      legend(x=50, y=1.05, bty="n", "Risk", cex=1, text.font=2)

      legend(x=50, y=0.97, bty="n", text.col = jco[2:1], c("High (n = 196)","Low (n = 196)"), cex=0.9)

      text(x=0, y=0.05, paste0("P ",ifelse(p1 < 0.001,"< 0.001",paste0("= ",round(p1,3)))), cex=1, pos=4)

      invisible(dev.off())

      fit <- coxph(Surv(futime,fustat) ~ risk.score,data = tmp)

      cindex.train <- concordance.index(predict(fit),surv.time = tmp$futime,surv.event = tmp$fustat,method = "noether")

      train.roc5 <- survivalROC(Stime=tmp$futime,

                                status=tmp$fustat,

                                marker = tmp$risk.score,

                                predict.time =5*12, 

                                method="KM")

      train.roc3 <- survivalROC(Stime=tmp$futime,

                                status=tmp$fustat,

                                marker = tmp$risk.score,

                                predict.time =3*12, 

                                method="KM")

      train.roc1 <- survivalROC(Stime=tmp$futime,

                                status=tmp$fustat,

                                marker = tmp$risk.score,

                                predict.time =1*12, 

                                method="KM")

      pdf(file = "survivalROC for training dataset.pdf",width = 4,height = 4)

      par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25)

      plot(train.roc5$FP, train.roc5$TP, type="l", xlim=c(0,1), ylim=c(0,1),col=jco[1],

           xlab="1-Specificity (FPR)", ylab="Sensitivity (TPR)",

           lwd = 2,main = "SEER training dataset")

      lines(x=c(0,1),y=c(0,1),lwd=1.5,lty=2,col="grey40")

      text(0.5,0.18,paste0("5-year AUC: ", round(train.roc5$AUC,2)),cex = 1,col = jco[1],adj = 0)

      lines(train.roc3$FP, train.roc3$TP, col=jco[2],lwd = 2)

      text(0.5,0.12,paste0("3-year AUC: ", round(train.roc3$AUC,2)),cex = 1,col = jco[2],adj = 0)

      lines(train.roc1$FP, train.roc1$TP, col=jco[4],lwd = 2)

      text(0.5,0.06,paste0("1-year AUC: ",round(train.roc1$AUC,2)),cex = 1,col = jco[4],adj = 0)

      text(0.5,0,paste0("C-index: ", round(cindex.train$c.index,2)),adj = 0)

      invisible(dev.off())

      # risk score in internal testing

      tmp <- as.matrix(tpms[test_sam,lasso_fea])

      risk.score <- apply(tmp,1,function(x) {x %*% myCoefs@x})

      risk.score.test <- risk.score

      tmp <- tpms[names(risk.score),1:3]

      tmp$futime <- tmp$futime/30.5

      tmp$risk.score <- as.numeric(risk.score)

      tmp$RiskGroup <- ifelse(tmp$risk.score > median(risk.score) ,"HRisk","LRisk")

      risk <- rbind.data.frame(risk,

                               data.frame(samID = test_sam,

                                          PatientID = tmp$PatientID,

                                          riskscore = tmp$risk.score,

                                          riskgroup = tmp$RiskGroup,

                                          cohort = "SEER testing",

                                          stringsAsFactors = F),

                               stringsAsFactors = F)

      fitd <- survdiff(Surv(futime, fustat) ~ RiskGroup, data=tmp, na.action=na.exclude)

      p2 <- 1-pchisq(fitd$chisq, length(fitd$n)-1)

      fit <- survfit(Surv(futime, fustat)~ RiskGroup, data=tmp, type="kaplan-meier", error="greenwood", conf.type="plain", na.action=na.exclude)

      pdf("KM for SEER testing.pdf",width = 4.5,height = 4)

      par(bty="n", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

      plot(fit, col = jco[2:1], lwd = 1.4, xlab="Time (Months)", ylab="Overall survival",mark.time = T)

      par(xpd=TRUE)

      legend(x=50, y=1.05, bty="n", "Risk", cex=1, text.font=2)

      legend(x=50, y=0.97, bty="n", text.col = jco[2:1], c("High (n = 49)","Low (n = 49)"), cex=0.9)

      text(x=0, y=0.05, paste0("P ",ifelse(p2 < 0.001,"< 0.001",paste0("= ",round(p2,3)))), cex=1, pos=4)

      invisible(dev.off())

      fit <- coxph(Surv(futime,fustat) ~ risk.score,data = tmp)

      cindex.test <- concordance.index(predict(fit),surv.time = tmp$futime,surv.event = tmp$fustat,method = "noether")

      test.roc5 <- survivalROC(Stime=tmp$futime,

                               status=tmp$fustat,

                               marker = tmp$risk.score,

                               predict.time =5*12, 

                               method="KM")

      test.roc3 <- survivalROC(Stime=tmp$futime,

                               status=tmp$fustat,

                               marker = tmp$risk.score,

                               predict.time =3*12, 

                               method="KM")

      test.roc1 <- survivalROC(Stime=tmp$futime,

                               status=tmp$fustat,

                               marker = tmp$risk.score,

                               predict.time =1*12, 

                               method="KM")

      pdf(file = "survivalROC for internal testing dataset.pdf",width = 4,height = 4)

      par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25)

      plot(test.roc5$FP, test.roc5$TP, type="l", xlim=c(0,1), ylim=c(0,1),col=jco[1],

           xlab="1-Specificity (FPR)", ylab="Sensitivity (TPR)",

           lwd = 2,main = "SEER testing dataset")

      lines(x=c(0,1),y=c(0,1),lwd=1.5,lty=2,col="grey40")

      text(0.5,0.18,paste0("5-year AUC: ", round(test.roc5$AUC,2)),cex = 1,col = jco[1],adj = 0)

      lines(test.roc3$FP, test.roc3$TP, col=jco[2],lwd = 2)

      text(0.5,0.12,paste0("3-year AUC: ", round(test.roc3$AUC,2)),cex = 1,col = jco[2],adj = 0)

      lines(test.roc1$FP, test.roc1$TP, col=jco[4],lwd = 2)

      text(0.5,0.06,paste0("1-year AUC: ",round(test.roc1$AUC,2)),cex = 1,col = jco[4],adj = 0)

      text(0.5,0,paste0("C-index: ", round(cindex.test$c.index,2)),adj = 0)

      invisible(dev.off())

      # risk score in external validation 1

      tmp <- as.matrix(geo1.tpms[,lasso_fea])

      risk.score <- apply(tmp,1,function(x) {x %*% myCoefs@x})

      risk.score.validate <- risk.score

      tmp <- geo1.tpms[names(risk.score),1:3]

      tmp$futime <- tmp$futime/30.5

      tmp$risk.score <- as.numeric(risk.score)

      tmp$RiskGroup <- ifelse(tmp$risk.score > median(risk.score) ,"HRisk","LRisk")

      risk <- rbind.data.frame(risk,

                               data.frame(samID = rownames(geo1.tpms),

                                          PatientID = tmp$PatientID,

                                          riskscore = tmp$risk.score,

                                          riskgroup = tmp$RiskGroup,

                                          cohort = "external validating",

                                          stringsAsFactors = F),

                               stringsAsFactors = F)

      fitd <- survdiff(Surv(futime, fustat) ~ RiskGroup, data=tmp, na.action=na.exclude)

      p3 <- 1-pchisq(fitd$chisq, length(fitd$n)-1)

      fit <- survfit(Surv(futime, fustat)~ RiskGroup, data=tmp, type="kaplan-meier", error="greenwood", conf.type="plain", na.action=na.exclude)

      pdf("KM for external validation.pdf",width = 4.5,height = 4)

      par(bty="n", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

      plot(fit, col = jco[2:1], lwd = 1.4, xlab="Time (Months)", ylab="Overall survival",mark.time = T)

      par(xpd=TRUE)

      legend(x=50, y=1.05, bty="n", "Risk", cex=1, text.font=2)

      legend(x=50, y=0.97, bty="n", text.col = jco[2:1], c("High (n = 63)","Low (n = 64)"), cex=0.9)

      text(x=0, y=0.05, paste0("P ",ifelse(p3 < 0.001,"< 0.001",paste0("= ",round(p3,3)))), cex=1, pos=4)

      invisible(dev.off())

      fit <- coxph(Surv(futime,fustat) ~ risk.score,data = tmp)

      cindex.validate <- concordance.index(predict(fit),surv.time = tmp$futime,surv.event = tmp$fustat,method = "noether")

      validate.roc5 <- survivalROC(Stime=tmp$futime,

                                   status=tmp$fustat,

                                   marker = tmp$risk.score,

                                   predict.time =5*12, 

                                   method="KM")

      validate.roc3 <- survivalROC(Stime=tmp$futime,

                                   status=tmp$fustat,

                                   marker = tmp$risk.score,

                                   predict.time =3*12, 

                                   method="KM")

      validate.roc1 <- survivalROC(Stime=tmp$futime,

                                   status=tmp$fustat,

                                   marker = tmp$risk.score,

                                   predict.time =1*12, 

                                   method="KM")

      pdf(file = "survivalROC for external validation dataset.pdf",width = 4,height = 4)

      par(bty="o", mgp = c(2,0.5,0), mar = c(3.1,3.1,2.1,2.1),tcl=-.25)

      plot(validate.roc5$FP, validate.roc5$TP, type="l", xlim=c(0,1), ylim=c(0,1),col=jco[1],

           xlab="1-Specificity (FPR)", ylab="Sensitivity (TPR)",

           lwd = 2,main = "external validation dataset")

      lines(x=c(0,1),y=c(0,1),lwd=1.5,lty=2,col="grey40")

      text(0.5,0.18,paste0("5-year AUC: ", round(validate.roc5$AUC,2)),cex = 1,col = jco[1],adj = 0)

      lines(validate.roc3$FP, validate.roc3$TP, col=jco[2],lwd = 2)

      text(0.5,0.12,paste0("3-year AUC: ", round(validate.roc3$AUC,2)),cex = 1,col = jco[2],adj = 0)

      lines(validate.roc1$FP, validate.roc1$TP, col=jco[4],lwd = 2)

      text(0.5,0.06,paste0("1-year AUC: ",round(validate.roc1$AUC,2)),cex = 1,col = jco[4],adj = 0)

      text(0.5,0,paste0("C-index: ", round(cindex.validate$c.index,2)),adj = 0)

      invisible(dev.off())

      model.gene <- length(unique(lasso_coef.hr$gene))

      if(p1 < 0.05 & p2 < 0.05 & p3 < 0.05) {

        cat(paste0("seed=",seed,"; i=",i,

                   "; p.train=",round(p1,3),"; p.test=",round(p2,3),

                   "; cindex.train=",round(cindex.train$c.index,2),"; cindex.test=",round(cindex.test$c.index,2),"\n"))

        cat("\n")

        outTab <- rbind.data.frame(outTab,data.frame(seed=seed,

                                                     i=i,

                                                     model.gene.num = model.gene,

                                                     p.train=p1,

                                                     cindex.train=cindex.train$c.index,

                                                     roc5.train = train.roc5$AUC,

                                                     roc3.train = train.roc3$AUC,

                                                     roc1.train = train.roc1$AUC,

                                                     p.test=p2,

                                                     cindex.test=cindex.test$c.index,

                                                     roc5.test = test.roc5$AUC,

                                                     roc3.test = test.roc3$AUC,

                                                     roc1.test = test.roc1$AUC,

                                                     p.validation=p3,

                                                     cindex.validate=cindex.validate$c.index,

                                                     roc5.validate = validate.roc5$AUC,

                                                     roc3.validate = validate.roc3$AUC,

                                                     roc1.validate = validate.roc1$AUC,

                                                     stringsAsFactors = F),

                                   stringsAsFactors = F)

      }

    }

write.table(outTab,"outTab.txt",sep = "\t",row.names = F,quote = F) # please refer to this file to get the optimal combination

write.table(risk,"risk.txt",sep = "\t",row.names = F,quote = F)

# figures

# 1. coef_hr bar plot

darkred   <- "#F2042C"

darkblue   <- "#21498D"

cutoff <- 0.1

lasso_coef.hr$group <- as.character(cut(lasso_coef.hr$coef, breaks = c(-Inf, -cutoff, cutoff, Inf),labels = c("#21498D","#EABF00","#21498D")))

pdf("lasso_coef_hr.pdf",width = 5,height = 5)

par(bty="n", mgp = c(1.7,.33,0),mar=c(2.5,2.7,1,1)+.1, las=1, tcl=-.25,xpd = T)

a <- barplot(lasso_coef.hr$coef,col = lasso_coef.hr$group,border = NA,

             horiz = T,xlim = c(-1,1),add=F,xaxt = "n")

axis(side = 1, at = c(-1,-0.8,-0.6,-0.4,-0.2,0,0.2,0.4,0.6,0.8,1),

     labels = c("-1","-.8","-.6","-.4","-.2","0",".2",".4",".6",".8","1"))

points(y = a[,1], x = log2(lasso_coef.hr$hr),

       col = lasso_coef.hr$group,

       pch = 19,cex = 1.5)

for (i in 1:nrow(lasso_coef.hr)) {

  text(y = a[,1][i],x = lasso_coef.hr$coef[i],labels = lasso_coef.hr$gene[i],adj = ifelse(lasso_coef.hr$coef[i]>0,0,1))

}

points(0.6,2,pch = 15, cex = 1.5)

points(0.6,1,pch = 19, cex = 1.5)

text(0.6,2,"log2(HR)",pos = 4)

text(0.6,1,"Coefficient",pos = 4)

invisible(dev.off())

write.table(lasso_coef.hr[,1:5], "lasso coefficient.txt",sep = "\t",row.names = F,col.names = T,quote = F)

# 2. lasso details

pdf("lasso.pdf",width = 4.5,height = 4)

par(bty="o", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25,xpd = F)

plot(cvfit$glmnet.fit, "lambda", label=F)

abline(v=log(cvfit$lambda.min),lwd=2,col="grey60",lty=4)

invisible(dev.off())

pdf("cvfit.pdf",width = 4.5,height = 4)

par(bty="o", mgp = c(1.9,.33,0), mar=c(4.1,4.1,2.1,2.1)+.1, las=1, tcl=-.25)

plot(cvfit)

abline(h=min(cvfit$cvm),lwd=2,col="black",lty=4)

points(log(cvfit$lambda.min),min(cvfit$cvm),pch=18,cex=2,col="black")

points(log(cvfit$lambda.min),min(cvfit$cvm),pch=18,cex=1.5,col="#008B8A")

invisible(dev.off())

save.image("Heng.RData")

# Copyright (C) 2011  John Colby

# http://github.com/johncolby/SVM-RFE

svmRFE.wrap <- function(test.fold, X, ...) {

# Wrapper to run svmRFE function while omitting a given test fold

    train.data = X[-test.fold, ]

    test.data  = X[test.fold, ]

    # Rank the features

    features.ranked = svmRFE(train.data, ...)

    return(list(feature.ids=features.ranked, train.data.ids=row.names(train.data), test.data.ids=row.names(test.data)))

}

svmRFE <- function(X, k=1, halve.above=5000) {

# Feature selection with Multiple SVM Recursive Feature Elimination (RFE) algorithm

    n = ncol(X) - 1

    # Scale data up front so it doesn't have to be redone each pass

    cat('Scaling data...')

    X[, -1] = scale(X[, -1])

    cat('Done!\n')

    flush.console()

    pb = txtProgressBar(1, n, 1, style=3)

    i.surviving = 1:n

    i.ranked    = n

    ranked.list = vector(length=n)

    # Recurse through all the features

    while(length(i.surviving) > 0) {

        if(k > 1) {

            # Subsample to obtain multiple weights vectors (i.e. mSVM-RFE)            

            folds = rep(1:k, len=nrow(X))[sample(nrow(X))]

            folds = lapply(1:k, function(x) which(folds == x))

            # Obtain weights for each training set

            w = lapply(folds, getWeights, X[, c(1, 1+i.surviving)])

            w = do.call(rbind, w)

            # Normalize each weights vector

            w = t(apply(w, 1, function(x) x / sqrt(sum(x^2))))

            # Compute ranking criteria

            v    = w * w

            vbar = apply(v, 2, mean)

            vsd  = apply(v, 2, sd)

            c    = vbar / vsd

        } else {

            # Only do 1 pass (i.e. regular SVM-RFE)

            w = getWeights(NULL, X[, c(1, 1+i.surviving)])

            c = w * w

        }

        # Rank the features

        ranking = sort(c, index.return=T)$ix

        if(length(i.surviving) == 1) {

            ranking = 1

        }

        if(length(i.surviving) > halve.above) {

            # Cut features in half until less than halve.above

            nfeat = length(i.surviving)

            ncut  = round(nfeat / 2)

            n     = nfeat - ncut

            cat('Features halved from', nfeat, 'to', n, '\n')

            flush.console()

            pb = txtProgressBar(1, n, 1, style=3)

        } else ncut = 1

        # Update feature list

        ranked.list[i.ranked:(i.ranked-ncut+1)] = i.surviving[ranking[1:ncut]]

        i.ranked    = i.ranked - ncut

        i.surviving = i.surviving[-ranking[1:ncut]]

        setTxtProgressBar(pb, n-length(i.surviving))

        flush.console()

    }

    close(pb)

    return (ranked.list)

}

getWeights <- function(test.fold, X) {

# Fit a linear SVM model and obtain feature weights

    train.data = X

    if(!is.null(test.fold)) train.data = X[-test.fold, ]

    svmModel = svm(train.data[, -1], train.data[, 1], cost=10, cachesize=500,

    scale=F, type="C-classification", kernel="linear")

    t(svmModel$coefs) %*% svmModel$SV

}

WriteFeatures <- function(results, input, save=T, file='features_ranked.txt') {

# Compile feature rankings across multiple folds

    featureID = sort(apply(sapply(results, function(x) sort(x$feature, index.return=T)$ix), 1, mean), index=T)$ix

    avg.rank  = sort(apply(sapply(results, function(x) sort(x$feature, index.return=T)$ix), 1, mean), index=T)$x

    feature.name = colnames(input[, -1])[featureID]

    features.ranked = data.frame(FeatureName=feature.name, FeatureID=featureID, AvgRank=avg.rank)

    if(save==T) {

        write.table(features.ranked, file=file, quote=F, row.names=F)

    } else {

        features.ranked

    }

}

FeatSweep.wrap <- function(i, results, input) {

# Wrapper to estimate generalization error across all hold-out folds, for a given number of top features

    svm.list = lapply(results, function(x) tune(svm,

                      train.x      = input[x$train.data.ids, 1+x$feature.ids[1:i]],

                      train.y      = input[x$train.data.ids, 1],

                      validation.x = input[x$test.data.ids, 1+x$feature.ids[1:i]],

                      validation.y = input[x$test.data.ids, 1],

                      # Optimize SVM hyperparamters

                      ranges       = tune(svm,

                                          train.x = input[x$train.data.ids, 1+x$feature.ids[1:i]],

                                          train.y = input[x$train.data.ids, 1],

                                          ranges  = list(gamma=2^(-12:0), cost=2^(-6:6)))$best.par,

                      tunecontrol  = tune.control(sampling='fix'))$perf)

    error = mean(sapply(svm.list, function(x) x$error))

    return(list(svm.list=svm.list, error=error))

}

PlotErrors <- function(errors, errors2=NULL, no.info=0.5, 

                       ylim=range(c(errors, errors2), na.rm=T), 

                       xlab='Number of Features',  ylab='5 x CV Error') {

# Makes a plot of average generalization error vs. number of top features

    AddLine <- function(x, col='dodgerblue') {

        lines(which(!is.na(errors)), na.omit(x), col=col,lwd=3)

        points(which.min(x), min(x, na.rm=T), col='firebrick3')

        text(which.min(x), min(x, na.rm=T), paste(which.min(x), '-', 

                                                  format(min(x, na.rm=T), dig=3)), pos=2, col='red', cex=1.15)

    }

    plot(errors, type='n', ylim=ylim, xlab=xlab, ylab=ylab)

    AddLine(errors)

    if(!is.null(errors2)) AddLine(errors2, 'gray30')

    abline(h=no.info, lty=2)

}

Plotaccuracy <- function(errors, errors2=NULL, no.info=0.5, 

                       ylim=range(c(errors, errors2), na.rm=T), 

                       xlab='Number of Features',  ylab='5 x CV Accuracy') {

  # Makes a plot of average generalization error vs. number of top features

  AddLine <- function(x, col='dodgerblue') {

    lines(which(!is.na(errors)), na.omit(x), col=col,lwd=3)

    points(which.max(x), max(x, na.rm=T), col='firebrick3')

    text(which.max(x), max(x, na.rm=T), paste(which.max(x), '-', 

                                              format(max(x, na.rm=T), dig=3)), pos=2, col='red', cex=1.15)

  }

  plot(errors, type='n', ylim=ylim, xlab=xlab, ylab=ylab)

  AddLine(errors)

  if(!is.null(errors2)) AddLine(errors2, 'gray30')

  abline(h=no.info, lty=2)

}
