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Supplementary Materials S1
To allow for easy assessment of bio-comparability and the resulting effect-comparability, an effect-curve based shiny application was built. The tool is comprised of two r script files.  Files server.r and ui.r are both to be opened at the same time within RStudio.  The needed packages are provided within the server script. Once opened, the server file is run and the application initiates.  Be aware, that there is a short delay at start-up because the initial response curve values across all concentrations must be generated. The application runs the initial simulation at the slider default values. Following start up, the user can shift the values as interested to investigate the impact of changing the response surface on the effect-comparability. The following is a brief description of the sliders:
· Reference and Test cohort size (n): Allows the size of each of the cohorts to be defined independently
· Hill coefficient: able to be ranged from 0.5 to 7.1 and modify the slope of the linear aspect of the effect curve from gentle when less than one to approaching a step function at its highest values.
· ECxx: Adjusts where on the effect curve the concentrations intersect.  For example, when set to 0.5 the reference group will be centered at the EC50.
· Test compound mean Cmax: Sets the percentage deviation of the test group relative to the reference ranging from 50% to 150%.
· Variability in Cmax: dictates the variability in the underlying groups and is used to generate the interval of the test and reference group concentrations.
· Prediction interval for comparison: applied to the concentrations and effects summaries presented in the box plots for assessment against the bounds of 80% to 125%. 
#################### COPY THE FOLLOWING TEXT TO CREATE THE server.r file  ##########
# This is the server logic of a Shiny web application. You can run the 
# application by clicking 'Run App' above.
# Find out more about building applications with Shiny here: 
#    http://shiny.rstudio.com/

#load packages

library(shiny)
library(dplyr)
library(ggplot2)
library(gridExtra)
library(TOSTER)

# Define server logic required to draw a histogram
shinyServer(function(input, output) {
  
  output$EffectCurve <- renderPlot({

#create dataframe with needed values to produce effect curve truth
#gamma can change the slope of the curve
    
    df<-data.frame(CMAX = rep((1:100000*10),each=1),
                   EMAX = rep(1,times=100000), 
                   EC50 = rep(5000,times=100000), #must match what is used in generating curves below
                   GAMA = rep(input$GamaInit,times=100000))
    
#generate the effects from the values above
    df$EFF<-df$EMAX*df$CMAX**df$GAMA/(df$EC50**df$GAMA +df$CMAX**df$GAMA)

#add the log transformed Cmax values to the dataframe
    df$lCMAX <-log(df$CMAX)

#define effect function based on inputs
    EFFECT<-function(emax,cmax,gama,ec50){
      emax*cmax**gama/(ec50**gama + cmax**gama)
    }
    
#define cmax function based on inputs
    CMAXf<-function(emax,eff,gama,ec50){
      (eff*ec50**gama/(emax - eff))**(1/gama)
    }
    
#rename the variables being used in the interface for use in the code 
    Einit<-input$EffInit    
    Emax<- 1                #input$EmaxInit
    EC50<- 5000              #must match what is used in generating dataframe above
    Gama<-input$GamaInit
    RsimN <- input$RsimNInit
    TsimN <- input$TsimNInit
    CVn <- input$CVpcnt/100
    PredInt<-input$PredInt
    
    #Generate cmax initial values and sdlCMAX
    #as well as values for the interval to be used in plotting
    #code for transformation from normal to log metrics is from two sources
    #https://msalganik.wordpress.com/2017/01/21/making-sense-of-the-rlnorm-function-in-r/
    #which explains the use of the rlnorm function in r
    #and
    #https://en.wikipedia.org/wiki/Log-normal_distribution#Arithmetic_moments
    #which provides the transformation of mean and variance
    
    #first generate the mean and sd in the non-log domain
    #mean is back-calculated from the effect level selected in the non-log transformed domain
    #sd is derived from the coefficient of variation and the mean
    RCMAX<- (CMAXf(Emax,Einit,Gama,EC50))
    RsdCMAX<-RCMAX*CVn
  
    #the mean and sd are then transformed into the log domain
    RlCMAX<-log(RCMAX^2/(sqrt(RsdCMAX^2 + RCMAX^2)))
    RsdlCMAX<- sqrt(log(1 + (RsdCMAX^2 / RCMAX^2)))
    RselCMAX <- RsdlCMAX/(sqrt(RsimN))
    
    RgeoCMAX<-exp(RlCMAX)
    
     #a t-value for the size of the cohort is generated from the t-distribution assuming gaussian
    #hence - to be applied within the log domain
    #one for each size cohort for reference and test
    
    Rtvalue<-abs(qt(0.05,(RsimN -1)))
    Ttvalue<-abs(qt(0.05,(TsimN -1)))
    
    #log domain upper and lower PREDICTION INTERVAL values 
    #see https://en.wikipedia.org/wiki/Prediction_interval
    
    Rl.lower<-RlCMAX-Rtvalue*RsdlCMAX
    Rl.upper<-RlCMAX+Rtvalue*RsdlCMAX
    
    #non-log domain values
    Rlower <- exp(Rl.lower)
    Rupper <- exp(Rl.upper)
    
   #generate effects for each of the CMAX PREDICTION INTERVAL values
    RElower<-EFFECT(Emax,Rlower,Gama,EC50)
    REupper<-EFFECT(Emax,Rupper,Gama,EC50)

  #Produce the shaded region and central graphing values 
    df$Rlb<-ifelse(df$CMAX<Rlower,RElower,0)
    df$Rub<-ifelse(df$CMAX<Rupper,REupper,0)
    df$Rmidline<-ifelse(df$CMAX<round(RCMAX,digits=-1),Einit,0)
    df$Rmidline<-ifelse(df$CMAX>round(RCMAX,digits=-1),NA,df$Rmidline)
    
  #Calculate the TEST values for the exposure-response relationship and prepare
  #those values for plotting
    shift<-input$Shift/100
    TCMAX<-shift*RCMAX
    TsdCMAX<-CVn*TCMAX

    Tl.CMAX<-log(TCMAX^2/(sqrt(TsdCMAX^2 + TCMAX^2)))
    TsdlCMAX<- sqrt(log(1 + (TsdCMAX^2 / TCMAX^2)))
    TselCMAX<-TsdlCMAX/sqrt(TsimN)
    
    Tgeo.CMAX<-exp(Tl.CMAX)
    
    TEff<-EFFECT(Emax,TCMAX,Gama,EC50)
    
    Tl.low<-Tl.CMAX-Ttvalue*TsdlCMAX
    Tl.up<-Tl.CMAX+Ttvalue*TsdlCMAX
    Tlower<-exp(Tl.low)
    Tupper<-exp(Tl.up)
    
    TElow<-EFFECT(Emax,Tlower,Gama,EC50)
    TEup<-EFFECT(Emax,Tupper,Gama,EC50)
    
   df$Tlb<-ifelse(df$CMAX<Tlower,TElow,0)
    df$Tub<-ifelse(df$CMAX<Tupper,TEup,0)
    df$Tmid<-ifelse(df$CMAX<round(TCMAX,digits=-1),TEff,0)
    df$Tmid<-ifelse(df$CMAX>round(TCMAX,digits=-1),NA,df$Tmid)

    EffectCurve<-ggplot(df, aes(x=lCMAX, y=EFF)) +
      geom_line(size=0.5)+
      ylim(0,1)+
      xlim(log(11),15) +
      geom_ribbon(aes(x=lCMAX,ymin=Rlb,ymax=Rub),fill="green", alpha=0.3) +
      geom_line(aes(x=lCMAX,y=Rmidline),color="black")  +
      geom_ribbon(aes(x=lCMAX,ymin=Tlb,ymax=Tub),fill="yellow", alpha=0.3)+
      geom_line(aes(x=lCMAX,y=Tmid),color="red")
    
    #Calculate the interval for the effect curves comparability
    #calculate the sd for effect curve
    RsdEFF2<-(REupper-Einit)/Rtvalue
    TsdEFF2<-(TEup - TEff)/Ttvalue
    RsdEFF<-(REupper-RElower)/Rtvalue*2
    TsdEFF<-(TEup - TElow)/Ttvalue*2
    
     print(RsdEFF)
     print(TsdEFF)
     print(Einit)
     print(TEff)

    concCI<-TOSTtwo.raw(m2=RlCMAX,m1=Tl.CMAX,
                     sd2=RsdlCMAX,sd1=TsdlCMAX,
                     n2=RsimN,n1=TsimN,
                     low_eqbound=log(0.80), high_eqbound=log(1.25), 
                     alpha = (1-PredInt/100)/2, 
                     var.equal=TRUE)
    
    fxCI<-TOSTtwo.raw(m2=Einit,m1=TEff,
                      sd2=RsdEFF,sd1=TsdEFF,
                      n2=RsimN,n1=TsimN,
                      low_eqbound=-0.2, high_eqbound=0.25, 
                      alpha = (1-PredInt/100)/2, 
                      var.equal=TRUE)
    
    print(fxCI)

    # Creates boxplots
    my.bp <<-ggplot( ) 
    my.bp <- my.bp + geom_polygon(aes(x=c(2,1.5,1.5,2),y=c(exp(concCI$LL_CI_TOST),exp(concCI$LL_CI_TOST),exp(concCI$UL_CI_TOST),exp(concCI$UL_CI_TOST))),fill="blue", alpha=0.3) 
    my.bp <- my.bp + geom_segment(aes(x = 1.5, y = exp(concCI$diff), xend = 2, yend = exp(concCI$diff)),size=2 )
    my.bp <- my.bp + geom_polygon(aes(x=c(1,0.5,0.5,1),y=c(fxCI$LL_CI_TOST+1,fxCI$LL_CI_TOST+1,fxCI$UL_CI_TOST+1,fxCI$UL_CI_TOST+1)),fill="purple", alpha=0.3)
    my.bp <- my.bp + geom_segment(aes(x = 0.5, y = fxCI$diff+1, xend = 1, yend = fxCI$diff+1),color="red",size=2 )
    my.bp <- my.bp +  ylab("Comparability Interval") + xlab(" Effect            CMAX") 
    my.bp <-my.bp +  ylim(0.25, 1.75)
    my.bp <-my.bp + geom_hline(yintercept = c(0.8, 1, 1.25),col=c("red","green","red"))
    my.bp <- my.bp + coord_flip() 
    my.bp 
    
    hyg<-grid.arrange(arrangeGrob(my.bp, ncol=1),arrangeGrob(EffectCurve, ncol=1),heights=c(1,4))
    print(hyg)
  
  })#closes output$EffectCurve
  ######################################################################   
  
  output$HowItWorks  <- renderText({
    "This Shiny interface is constructed to simulate the effect outcomes of "
                                   })
  output$equations <- renderPrint({
    
   print( quote(EFFECT<-function(emax,cmax,gama,ec50){
                   emax*cmax**gama/(ec50**gama + cmax**gama)
                                                }
   ))
    
  print(quote(CMAXf<-function(emax,eff,gama,ec50){
                (eff*ec50**gama/(emax - eff))**(1/gama)
                                            }
    ))
   
                                })
    
  })#closes shiny server function
############################# END OF SERVER.R CODE ############################



# COPY THE FOLLOWING TEXT TO CREATE THE ui.R file #################################
# This is the user-interface definition of a Shiny web application. You can
# run the application by clicking 'Run App' above.
# Find out more about building applications with Shiny here:
#    http://shiny.rstudio.com/

library(shiny)

# Define UI for application that draws a histogram
shinyUI(fluidPage(
  
  # Application title
  titlePanel("Effect Curve Impact of Exposure (Cmax) Shifts"),
  
  # Sidebar with a slider input for number of bins 
  sidebarLayout(
    sidebarPanel(
      sliderInput("RsimNInit",
                  "Reference Cohort size (n):",
                  min = 2,
                  max = 500,
                  value = 30),
      sliderInput("TsimNInit",
                   "Test Cohort size (n):",
                   min = 2,
                   max = 500,
                   value = 30),
       sliderInput("GamaInit",
                   "Hill Coefficient:",
                   min = 0.5,
                   max = 7.1,
                   value = 1),
       sliderInput("EffInit",
                   "ECxx (proportion of Emax achieved by Cmax of reference compound):",
                   min = 0,
                   max = 1,
                   value = 0.9),
       sliderInput("Shift",
                   "Test compound mean Cmax (% of reference mean Cmax):",
                   min = 50,
                   max = 150,
                   value = 80),
      sliderInput("CVpcnt",
                  "Variability in Cmax (CV% assumed to be identical for reference and test):",
                  min = 0,
                  max = 100,
                  value = 30),
       sliderInput("PredInt",
                   "Prediction interval for comparison (90% is per FDA):",
                   min = 0,
                   max = 100,
                   value = 90)
    ),
    
    # Show a plot of the generated distribution
    mainPanel(tabsetPanel(
        tabPanel(h3("Reference in green/black; Comparator in yellow/red"),
                plotOutput("EffectCurve", height = 900, width = 1000)),
        tabPanel(h3("Tool Details"),
               h2(textOutput("HowItWorks")),
               verbatimTextOutput("equations") )
   )
   )
   )
   )
   )
  ######################### End of ui.R CODE #####################################
