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Outline

T MRMC studies and analysis
+Multi-reader, Multi-case

T ROC: Receliver Operating Characteristic curves

1R Data packages
+What and how

T Show examples of MRMC data analysis

TWhy
+Disseminate our research data, methods, and tools
+Enables other investigators to develop methods anulgo




Background

T Medical device evaluation
+Assessing new device performance

V.S.

1) (2)

: . .- . Comparing two modalities
+Assessing computer aided diagnosis dev PaTing "

?r‘?’a medical task

V.S.

Al detected potential lesion

Image source: (ttps://www.independentimaging.com/digital-x-raysstraditional-x-rays/ (2) https://www.featurepics.com/online/Doctor-Holding-RayeRire298823.aspx 3
(3)(4)Morra, Lia, et al. "Breast cancer: computer-aided detectidth gigital breast tomosynthesisRadiology277.1 (2015): 56-6https://www.ncbi.nlm.nih.gov/pubmed/25961633



https://www.independentimaging.com/digital-x-rays-vs-traditional-x-rays/
https://www.featurepics.com/online/Doctor-Holding-Ray-Picture298823.aspx
https://www.ncbi.nlm.nih.gov/pubmed/25961633

FODA
Motivation .

T Design a study to compare two
modalities for a medical task

+ Askcliniciando reviewcaseaunder
the two differentmodalities

+ Random factors in the study:

+ Casesrandomly select samples
from intended case population

+ Readersrandomly select samples
from intended reader population

T Multi-Reader Multi-Case
(MRMC) Study

+ Each case is reviewed by multiple
clinicians/readers

+ Each reader review multiple cases

+ MRMC analysis

+ Account for reader and case
variability

+ Generalize results to the population
of readers and cases



Multi-Reader Multl-Case Studies

T Application
+Comparing manual scores from clinicians by using drfitemedical device

+Comparing machine learning algorithm result with manweakas

+Comparing the results from different machine learnailgorithms

Medical Imaging and other technologies
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Multi-Reader Multl-Case Studies

tData Structure
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Multi-Reader Multl-Case Studies

TRecelver Operating Characteristic (ROC) analysis
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Multi-Reader Multl-Case Studies

TMRMC ROC analysis for two modalities

4

- Sensitivity
— readerl in Modality A: AUC = 0.
— reader2 in Modality A: AUC = 0.

Truth|1 |1 1 1 j1jo0jojojojoj ~“p [ | & & .. readerl in Modality B: AUC = 0.
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+ Difference of reader-averaged AUCI34 aF U&aUL UB R
T Variance of difference of reader-averaged AUC -thar 8



Multi-Reader Multl-Case Studies

Difficulties Solutions
e N
: : : : MRMC data storage and
Time consuming and labor intensive S
not much data is publicly available R dlatanakk
ages
- oo )
4 N

Complicated correlation structure e e e

when computing variance of _
reader-averaged AUC e IMRMCR patkage )




R data package for MRMC study

1 To store andlistribute data along with itslocumentation

+Well-organized documentation: description, formabusce, etc.

+Public available: CRAN(The Comprehensive R ArchiweiNdattps://cran.r-
project.org/) or GitHub littps://github.com/)

1 To provideuse casdor existing and future functions/methods
t+Pre-processed reproducible data that can be easilyssain R

1 To help establishinfyture studies
+Acting as a baseline for similar study
+Providing information for sizing future study inglarea

10


https://cran.r-project.org/
https://github.com/

Building up an R data package

T Tool:devtools(https://www.rstudio.com/products/rpackages/devtool¥/

:l: Ste 0S. | data-raw
. | R FIFTICM
+deviools:.create(create the package skeleto Ay
.RbUildigﬁDI’E Title: what the Package Dpes (one |
" ) I-EIE;;T' 1'?'-5;?5.&?3:”5._" "Lasg"
+devtools:use_data_ray) create data-raw/ gitignore e he. i s
DESCRIPTION License: et ]icense fs 1t under?
o ] DATASETR NAM ESPACE E aryiDataz true
: |j| SourceonSave | L S -] = “%Run | 2% R newPackage.Rproj
1 ## code to prepare DATASET dataset goes here
2
3 usethis::use_data("DATASET")
4

+Put data preprocessing script into .R file, whicad®in raw data and at
callsusethis:use datd) to save .rda formatted data files in data/ ;


https://www.rstudio.com/products/rpackages/devtools/

MRMC R data packages

T Structure

t+colorScaleStudyDatafttps://github.com/DIDSR/colorScaleStudyDiata

=] DERCFIFTION =

data
data-raw
inst
LICENSE.md
man

R

DESCRIPTION ———
NAMESPACE
README.md

QOSSO0

L=t = R e

= 1

Package: colorScaleStudyData

Title: Reader result amd Groad Truth for the Coler Scale Study

versiom: 1.0.0

Description: The Color Scale Study repository data contains the raw data files with
the indivigual readers answer 1o each case amd the ground Truth
For information about the methods used for this work please refer to:
Zabala-Travers 5, Gallas B0, Busond 5, williams W, meferind L, Fedeld L, Lucarini 5,
Galastri L, Mirsadraese 5, Badano A. Display colour scale effects on diagnostic performance
ard reader agreement in cardiac CT and prostate apparent diffusiom coefficient assessment.
Clinical radiology. 2009 Janm 1;74{1):7%-el
We kindly reguest yvou to cite this article if data from this repository is used for wour
rasan

Depends: R {x= 3.5.23

License: CCD

e w0 colorScaleStudyData
LaryData: true I

Roxygensote: §.1.1
The Color Scale Study repository contains the raw data files with the individual readers answer
to each case and the ground truth. For information about the methods used for this work

please refer to:

s Citgtion: Zabala-Travers 5, Gallas BD, Busoni 5, Williams MC, Noferini L, Fedeli L, Lucarini
S, Galastri L, Mirsadraee 5, Badano A. Display colour scale effects on diagnostic

performance and reader agreement in cardiac CT and prostate apparent diffusion
coefficient assessment. Clinical radiclogy. 2019 Jan 1;74(1):79-el.

Please cite this article if data from this repository is used for your research.

4 Description(required as a R package) contains the package name atiitedescription
4 Readmmmdfor GitHub) contains the instruction information thfe package 12


https://github.com/DIDSR/colorScaleStudyData

MRMC R data packages

T Structure
—
t+colorScaleStudyData
(https://github.com/DIDSR/colorScaleStudyData
M data
@ data-raw ®: Cardio Study_truth.csv raw dat
st ®: CardioCTstudy 3mod_120obs 210cases _rawdata.csv
9. ins ®:| Prostate_5mod_90bs_165cases wGSDFrawdata_Allreaders.csv
9 LICENSE.md Prostate Truth.csv
@ man @ cardioCTGroundTruth.R Read in raw data
@ R #| cardioCTReaderData.R
~ : and output .rda
@ DESCRIPTION #| prostateMRIGroundTruth.R i _
@ NAMESPACE | prostateMRIReaderData.R file in ../data
@ README.md

< Dataraw contains the raw dataset and functions to output thddimat data .


https://github.com/DIDSR/colorScaleStudyData

MRMC R data packages

T Structure
t+colorScaleStudyDatafttps://github.com/DIDSR/colorScaleStudyDiata

raw daj

+ Datacontains the R format dataset can be read in R easily y



MRMC R data packages

T Documentation
iCO I 0 rSca| eStu dyDahaps://qithub.com/DlDSR/coIorScaIeStudyD)ata

T

T The documentation is edited in the data.R filéRn .
T devtools::document(generate .Rd manuals man



MRMC R data packages

T Build the package

+devtools:: build()  build source
package and generate .tar.gz file

1+ No ./data-raw and .Rproj in the zip file

+ In Rstudio, you can also build your
package by click Build & Reload

16



MRMC R data packages - Summary

1 To provide use case for functions in existing andripackages
+How to use : apply doIMRMC in IMRMC package to the data



MRMC Data Analysis

TIMRMC packagehttps://github.com/DIDSR/IMRMC

+A stand-alone, precompilegava applicatiodeveloped by Dr. Brandon
''00 [ O

+To analyze and size MRMC reader studies that compardifference
AUCs from two modalities, including thestatisticsestimation of
variance of the difference of reader-averaged AUC

+IMRMC R packagan R package that utilizes the core Java application
and output the R list object that contains all the arsas result.

(https://cran.r-project.org/web/packages/IMRMC/index i)

18



MRMC Data Analysis

TIMRMC R package core functions:

+ doIMRMC
tTakes ROC data as a data frame and runs a MRMC analysis bassthostics

t+sim.gRoeMetz
tSimulate an MRMC data set of an ROC study comparing bealimes
TAllow testing other new methods

19



MRMC Data Analysis
TApply doIMRMC in IMRMC package to color scale study data

_

https://github.com/DIDSR/colorScaleStudyData/blob/nexginst/extra/applyIMRMC.pdf 20




MRMC Data Analysis
TApply doIMRMC in IMRMC package to color scale study data

+AUC and variance of AUC for each modality by U-statistethod

https://github.com/DIDSR/colorScaleStudyData/blob/nexginst/extra/applyIMRMC.pdf 21




MRMC Data Analysis
TApply doIMRMC in IMRMC package to color scale study data

+Difference of AUC and variance of difference of AU@dowise
comparison of different modalities by U-statistics thn&o

https://github.com/DIDSR/colorScaleStudyData/blob/nexginst/extra/applyIMRMC.pdf 22




MRMC Data Analysis

T R-markdown files
+Demonstrate the use of functions and data

t+colorScaleStudyData
(https://github.com/DIDSR/colorScaleStudyData/blob/nmexginst/extra
[applyIMRMC.RmQd

T More package application
tviperData R data packagetifos://didsr.github.io/viperData/)

23



MRMC Data Analysis
TIMRMC R package core functions:

-+

t+sim.gRoeMetz
tSimulate an MRMC data set of an ROC study comparing bealimes
TAllow testing other new methods

24



Simulation Tool for MRMC Data
TRoe and Metmodel for MRMC ROC analysis
G9EL & EWWE 4 E BE[4 % E[14ovENT BonEl14%0vE "0vpe

twhere : (j v glgnotes the score fomodality Freader F-case Gand
truth state P

+modality and truth state aré (a.and iy are fixed effects)

treader and case are (the remaining terms are
Independent zero-mean Gaussian random variables witbviis
variance)

25



Simulation Tool for MRMC Data
T Apply sim.gRoeMetz to simulate MRMC data



Summary
T Multi-Reader Multi-Case (MRMC) study

t+Data storage and distributionRkR data Package
+MRMC ROC analysigoIMRMC in IMRMC package

+MRMC simulation toolsim.gRoeMetz in IMRMC package

27



Reference Links

T colorScaleStudyData R data packatps://github.com/DIDSR/colorScaleStudyData
T viperData R data packadptps://didsr.github.io/viperData/

+ IMRMC packaghttps://github.com/DIDSR/IMRMC

T IMRMC R packaddtps://cran.r-project.org/web/packages/iIMRMC/index.html
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Thank you!
Q&A
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