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Abstract FoA

A growing part of the medical device portfolio of CDRH includes image-based detection (e.g., find the
tumor) and classification algorithms (e.g., classify an abnormality as benign or malignant). Whatever
the health condition, imaging technology, or algorithm architecture (neural networks, random forests,
regressions), submissions of the “software as a medical device” often include a reader study, a study in
which clinicians make evaluations with and without the algorithm. Comparing the evaluations against a
reference truth, we can compare the performance impact of the algorithm. The statistical analysis of
such studies is not trivial since it is well known that there is a range of skill among clinicians and their
evaluations are noisy. Furthermore, the studies often have multiple clinicians evaluating the same
cases, leading to correlations in the data. FDA guidance recommends an MRMC (multi-reader multi-
case) analysis paradigm in which a reader-averaged performance metric is analyzed (variance
estimates, confidence intervals, and p-values) to account for the variability (and correlations) from
readers and cases. To support such analyses, we have developed, published, and shared on GitHub
statistical methods and software, data, and examples. Such development relies on simulations of
MRMC studies to validate the statistical methods. In this talk, we will discuss reader studies,
performance metrics, and the corresponding MRMC structures of uncertainty. We will present a
simulation model that has served us well in validating MRMC analyses of detection and classification
metrics. To address studies of algorithms that yield quantitative values and the within- and between-
clinician agreement of such values, we have been developing new MRMC methods that analyze
differences in quantitative values. To support this work, we are investigating and will present a new
simulation model that better represents such data.
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Reader Studies FOA

Would you recall patient?
Yes

.No

Being more quantitative in reporting your Numeric Rating:
* Are there no dense areas and no abnormal findings? If so, perhaps your Numeric Rating should be 1-25?

* Arethere dense areas or benign findings, but not enough to prompt a decision to recall? If so, perhaps
your Numeric Rating should be 75-100.

* Arethe visual cues somewhere in the middle?

Numeric
Most Normal Least Normal
_ Score
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Reader Studies

Compare clinician performance with a new imaging
system to a reference imaging system
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Reader Studies DA
Example: Evaluating Computer Aids

RCC Lcc RMLO LMLO

* Modality: Images with computer aid
vs. images without computer aid

e Task/Performance 1:
Recall women with cancer

— Binary patient management decision

T

— Sensitivity, specificity ol oL g patent?
e Task/Performance 2: ® [ ROC scoring instructions ]
1 Being more quantitative in reporting your Numeric Rating:
SCO re cancer Confldence *+ Arethere no dense areas and no abnormal findings? If so, perhaps your Numeric Rating should be 1-25?
_ H H H + Arethere dense areas or benign findings, but not enough to prompt a decision to recall? If so, perhaps
More information. Goal is to rank. e e o o100,
— Area u nde r the ROC curve + Are the visual cues somewhere in the middle?
Most Normal Least Normal Numeric
Score

° Readers: Radiologists

e (Cases: Breast cancer screening
population
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Reader Studies DA
Example: Evaluating Computer Aids

RCC Lcc RMLO LMLO

*  Modality: Images with computer aid
vs. images without computer aid

e Task/Performance 1:
Recall women with cancer

— Binary patient management decision

— Sensitivity, specificity Would yougses! patient®
e Task/Performance 2: N
Score cancer confidence
. . . Being more quantitative in reporting your Numeric Rating:
—_ M ore | nfO rm atlon . Goa I IS tO ran k *  Are there only a few inconclusive visual cues prompting your decision to recall? If so, perhaps your
Numeric Rating should be 101-1257?
— Area un d er th e ROC curve +  Are there many definitive visual cues prompting your decision to recall? If so, perhaps your Numeric

Rating should be 175-200.
+ Are the visual cues somewhere in the middle?

Most Normal Decision Threshold Most Suspicious Numeric

Score
T

° Readers: Radiologists

e (Cases: Breast cancer screening
population
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ROC Primer FUA

Entire ROC curve

TPF, sensitivity

FPF, 1-specificity

FDA.gov
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Quick Primer on Sensitivity, Specificity,
and Area Under the ROC curve
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True
Non-Cancers

True
Cancers

Most Normal Most Suspicious
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True
Non-Cancers

Threshold

True
Cancers
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True
Non-Cancers

Specificity

= True Negative Fraction
=TNF

True
Cancers o
Sensitivity
= True Positive Fraction
= TPF
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Entire ROC curve

TPF, sensitivity

FPF, 1-specificity
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Non-Parametric AUC estimate

* Single reader: Q

AUCT- N0N1 1 k’—l S(er YTk )

x=20

1.0, x>0 Correct ranking
s(x) =
0.0, x <0 Incorrectranking

e Average over readers:

—_— 1 Ny
AUC. = ——- SR Tt S Sy — Vg
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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MRMC Analysis

2 2 2
var AUC: — AUGC, )= 0 + -1 4 =0
(AUC, )= R0 N Nty
. OR
Nr
2 2 B Ll
O 0R O1R O01R

_I_

T NoNr © NiNr © NoNiNg
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MRMC Analysis

MRMC: Multi-reader, Multi-case Analysis

e Analysis
— Estimate variances, confidence intervals
— Perform hypothesis tests

e Account for reader and case variability
e Account for reader and case correlations

e Results Generalize to Population of Readers and Cases

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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MRMC Analysis
Variance Components

e Main Random Effects

— case variability
difficulty

— reader variability
skill

— reader/case interaction
training, experience, cases encountered

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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MRMC Analysis

FDA
Variance Components
e Main Random Effects
— case variability
Non-disease + Disease + Interaction
— reader variability
— reader/case interaction
Non-disease + Disease + Interaction
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 23
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MRMC Analysis A
Variance Components

* Single Modality >

o) e°
— Gallas et al. (2009) d\c,e’é(’e Sed@s OC{\O(\
$O(\’ 0’\6?’3 \(\’&e(
2 2 2 r 2
AR Op , O1 001 Case
var\AUC ) = & + = + :
( ) NO Nl NONl \Varlablllty)
62 e D
/Given U-statistic estimator\ + ~R Da— R(?ad.e .r
of reader-averaged AUC N R \Varlablllty)
7 vari t 2 2 2
7 coefficients . O , OkR OO
NoNR NlNR NONlNR

\No modeling /

[ Reader-Case Interaction ]
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MRMC Analysis A
Variance Components

. >
* Two Modalities D )
@ \0
— Gallas et al. (2009) $O(\’6\6 O,\Sea"e \(\,@(0(’
ase
var\ AUC. —AUC )= & + o + : ol
1 2 NO Nl NONl \Varlablllty)
? e D
OR Reader
+ N kVariabiIity)
Different interpretation R B
for these components 2 2 2
e AUC difference 4 O0R + O1R + O 1R
NoNR NlNR NONlNR
[ Reader-Case Interaction ]
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MRMC Analysis A
Variance Components

_ °
* Two Modalities D )
@ \0
— Gallas et al. (2009) $O(\’6\6 O,\Sea"e \(\,@(0(’
ase
varl AUC, —AUC )= o + & + : N
1 2 NO Nl NONl \Varlablllty)
? s 2
OR Reader
+ N kVariabiIity)
Sizing R B
Estimate components G%R G%R G(Z)lR
Explore NO, N1, NR + + +
NoNR NlNR NONlNR
[ Reader-Case Interaction ]
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MRMC Analysis A
Size a Trial

PN
0.005 —r
Pilot result /@

0.004 .....................................................................................................
0.003 .....................................................................................................

°~°02 .....................................................................................................

Total Variance

0,001 =i e e e

0000 . . . 1 . . . 1 . . . 1 . . . 1
(o) 20 40 60 80

o
o

Add data to reduce variance by 50%. Total number of cases

1:1 sampling  Only Non-Diseased Colposcopy Study

4:1 sampling Only Diseased Plot courtesy of Hsu, NCI.
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MRMC Analysis A
Size a Trial

0.005F

Pilot result

0.004 i,

0.003 ...........................

0.002

Total Variance

0.001

0.000 . . . . . . . . . . . . .
o) 20 40 60 80 100

Add data to reduce variance by 50%. Total number of cases
1:1 sampling Only Non-Diseased Colposcopy Study

4:1 sampling Only Diseased Plot courtesy of Hsu, NCI.
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MRMC Analysis A

Publications and Software

One-Shot Estimate of MRMC Variance: AUC'

Brandon D. Gallas | | A Framework for Random-Effects ROC Analysis:
Biases with the Bootstrap and
Other Variance Estimators

Academic Radiology, 2006

https://doi.org/10.1016/j.acra.2005.11.030 BRANDON D. GALLAS'. ANDRIY BANDOS?.
FRANK W.SAMUELSON', AND ROBERT F. WAGNER!'

'NIBIB/CDRH Laboratory for the Assessment of Medical
Imaging Systems, Silver Spring, Maryland, USA

?Department of Biostatistics, University of Pittsburgh. Pittsburgh,
Pennsylvania, USA

Pu bIIShEd IMRMC SOftwa re Communications in Statistics - Theory and Methods, 2009

R 2013 Java Application _ Google Code https://doi.org/10.1080/03610920802610084
— Retired

e 2015: Java Application — GitHub
— https://github.com/DIDSR/iMRMC

e 2017: R Package — CRAN

— https://cran.r-
project.org/web/packages/iIMRMC/index.html

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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https://github.com/DIDSR/iMRMC
https://cran.r-project.org/web/packages/iMRMC/index.html
https://doi.org/10.1080/03610920802610084
https://doi.org/10.1016/j.acra.2005.11.030

MRMC Simulation FOA

o T T e

D e e e

. re . readerl negCasel testA
- re
readerl negCasel testA
reader2 posCasel  testA -0.11 1
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MRMC Simulation

e Validate/Characterize Variance Estimator | Estimates
caderd | cseld | modd> | score | Tuth__

A Vv

v

. re .. readerl negCasel testA
- re
. readermmm Truth Anmc Vmc
readerl negCasel testA
MC
reader2 posCasel  testA -0.11 1 variance
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MRMC Simulation

e Validate/Characterize Variance Estimator | Estimates
caderd | cseld | modd> | score | Tuth__

A Vv

v

. re .. readerl negCasel testA
- re
. readermmm Truth Anmc Vime
readerl negCasel testA 1 1
“TRUE” MC
reader2 posCasel  testA -0.11 1 Variance Mean
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MRMC Simulation

e Validate/Characterize Variance Estimator | Estimates
caderd | cseld | modd> | score | Tuth__

A Vv

v

. re .. readerl negCasel testA
- re
) readermmm Truth Anmc Vime
readerl negCasel testA
MC
reader2 posCasel  testA -0.11 1 Variance
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 33
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MRMC Simulation
Roe and Metz Model (1997)

e Simulation model for ROC scores
— Multiple modalities (fixed effect)
— Multiple readers
— Multiple cases

Fixed effect: Modality (i)
Signal-absent scores g
/ \

Xijko = Tio Random effects: (Independent)
+Cro + [tCliko — Case (k): N(0,0¢), N(0,0%)
+Rjo  +I[tRlijo «——~ Reader (j):  N(0,02), N(0,02)

+[RC] jko + [TRCl;jko —C Interaction: N(0, 04¢), N(O, o2zc) y

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 34
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MRMC Simulation
Roe and Metz Model (1997)

e Simulation model for ROC scores
— Multiple modalities (fixed effect)
— Multiple readers
— Multiple cases

Signal-present scores
Yiikn = Tia 4 Looks like A
+Ck1 + [Tc]ikl 3-way ANOVA
+Rj; + [TR]ij1
+[RC]jr1 + [TRC]jjia e

Simulation for scores not AUC
\ 4

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 35
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MRMC Simulation

Roe and Metz Model: Updates

 Binary Data

B7O J. Opt. Soc. Am. A/Vol. 24, No. 12/December 2007 Gallas ef al.

Multireader multicase variance analysis for

binary data

Brandon D. Gallas,” Gene A, Pennello, and Kyle J. Myers

https://doi.org/10.1364/JOSAA.24.000B70 2007

FDA.gov

LYALUULIU AL _LI.L.I.(/LSJ.J..lS

Medicallmaging.SPIEDigitalLibrary.org

https://doi.org/10.1117/1.JM1.1.3.031011

Multireader multicase reader studies
with binary agreement data:
simulation, analysis, validation, and
sizing

Weijie Chen
Adam Wunderlich
Nicholas Petrick

Brandon D. Gallas 2014

FDA

e Parameters depend on truth and

modality

e Analytic relationship
— ROC scores
— AUC components of variance

Journal of

Medlcal Imaging

Medicallmaging.SPIEDigitalLibrary.org

https://doi.org/10.1117/1.JMI1.1.3.031006

Generalized Roe and Metz receiver
operating characteristic model:
analytic link between simulated
decision scores and empirical AUC
variances and covariances

Brandon D. Gallas

Stephen L. Hillis 2014

ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies

36

OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science



https://doi.org/10.1117/1.JMI.1.3.031011
https://doi.org/10.1117/1.JMI.1.3.031006
https://doi.org/10.1364/JOSAA.24.000B70

Study Designs

Modality 1 Modality 2
d
()]
o)
(qv)
Q
o
Diseased Non-Diseased Diseased Non-Diseased
Cases Cases Cases Cases
Modality 1 Modality 2
d
()]
©
(q0)
Q
o
Cases Cases
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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Study Designs
Fully-Crossed

e Fully-crossed study
— All readers read all cases
— Readers and cases are paired across modalities

Data Array
Rows = readers
Cols = cases
Modality 1 Modality 2
d
()]
©
(q0)
Q
o
Diseased Non-Diseased Diseased Non-Diseased
Cases Cases Cases Cases
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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Study Designs
Fully-Crossed

e Fully-crossed study
— All readers read all cases
— Readers and cases are paired across modalities

Remove truth labels to unclutter study design concepts.

Modality 1 Modality 2
rd
Q
©
©
()]
o
Cases Cases
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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Study Designs
Split-Plot

e Fully-crossed study is burdensome

— All readers read all cases

— Readers and cases are paired across modalities
e Split-plot study

— Readers and cases split into 2 groups

— Data is fully-crossed within a group

Modality 1 Modality 2

(%p]

o No Data No Data
©

(q0)

& No Data No Data

Cases Cases
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 40
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Study Designs
Split-Plot

e Fully-crossed is burdensome
— A lot of reads per reader
— A lot of reads total
e Split-plot studies can save time (and money)

— Half the reads per reader
— Half the reads total

Modality 1 Modality 2

(%p]

o No Data No Data
©

(q0)

& No Data No Data

Cases Cases
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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Study Designs

 Generalized analysis methods
— Treat arbitrary study designs
— Publications and Software

Available online at www.sciencedirect.com

= "ﬁf ScienceDirect o

Networks

ELSEVIER Neral Networks 21 (2008) 387-397

www.elsevier.com/locate/neunet

2008 Special Issue

Reader studies for validation of CAD systems™ M U Iti -rea d er RO C StUd ies With
Brandon D. Gallas*, David G. Brown Spl it_ pl ot Des i g n S:

NIBIB/CDRH Laboratory for the Assessment of Medical Imaging Systems. FDA. Silver Spring, MD, 200030002, United States

Received 22 August 2007; received in revised form 7 December 2007; accepled 11 December 2007

https://doi.org/10.1080/03610920802610084

A Comparison of Statistical Methods

Nancy A. Obuchowski, PhD, Brandon D. Gallas, PhD, Stephen L. Hillis, PhD

Academic Radiology, 2012
https://doi.org/10.1016/j.acra.2012.09.012

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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https://doi.org/10.1080/03610920802610084
https://doi.org/10.1016/j.acra.2012.09.012

Study Designs: Efficiency

K
Compare
4-Groups designs
using
simulation
N\ J
Fully-Crossed A
Readers Unpaired
Across Modalities
FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 43
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Study Designs: Efficiency =

TABLE 3. Resources Needed for Different Study Designs

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients* Interpretations per Reader Efficiency'
Two-block split-plot 6 (3/block) 120 (30 + 30) 720 120 1.0
Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
Four-block split-plot 12 (3/block) 120 (15 + 15) 720 60 1.33
Fully paired A 6 60 (30 + 30) 720 120 0.83
Fully paired B 6 120 (60 + 60) 1440 240 1.16
Unpaired reader 12 120 (60 + 60) 1440 120 0.90

Examine trade off between

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies 45
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Study Designs:

Efficiency

TABLE 3. Resources Needed for Different Study Designs

FDA

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients* Interpretations per Reader Efficiency'
Two-block split-plot 6 (3/block) 120 (30 + 30) 720 120 1.0
Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
Four-block split-plot 12 (3/block) 120 (15 + 15) 720 60 1.33
Fully paired A 6 60 (30 + 30) 720 120 0.83
Fully paired B 6 120 (60 + 60) 1440 240 1.16
Unpaired reader 12 120 (60 + 60) 1440 120 0.90

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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Study Designs:

Efficiency

TABLE 3. Resources Needed for Different Study Designs

FDA

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients” Interpretations per Reader Efficiency'
Two-block split-plot 6 (3/block) 120 (30 + 30) 720 120 1.0
Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
Four-block split-plot 12 (3/block) 120 (15 +15) 720 60 1.33
Fully paired A 6 60 (30 + 30) 720 120 0.83
Fully paired B 6 120 (60 + 60) 1440 240 1.16
| Unpaired reader 12 120 (60 + 60) 1440 120 090 |
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Study Designs:

Efficiency

FDA

TABLE 3. Resources Needed for Different Study Designs

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients* Interpretations per Reader Efficiency'
| Two-block split-plot 6 (3/block) 120 (30 + 30) 720 120 1.0 |
Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
Four-block split-plot 12 (3/block) 120 (15 +15) 720 60 1.33
| Fully paired A 6 60 (30 + 30) 720 120 083 |
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Unpaired reader 12 120 (60 + 60) 1440 120 0.90
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Study Designs:

Efficiency

TABLE 3. Resources Needed for Different Study Designs

FDA

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients* Interpretations per Reader Efficiency'
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Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
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Study Designs:

Efficiency

TABLE 3. Resources Needed for Different Study Designs

FDA

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients* Interpretations per Reader Efficiency'
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Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
Four-block split-plot 12 (3/block) 120 (15 + 15) 720 60 1.33
Fully paired A 6 60 (30 + 30) 720 120 0.83
Fully paired B 6 120 (60 + 60) 1440 240 1.16
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Study Designs:

Efficiency

TABLE 3. Resources Needed for Different Study Designs

FDA

Number of Image

Number of Number of Total Number of Image Interpretations Statistical
Study Design Readers (J) Patients” Interpretations per Reader Efficiency'
Two-block split-plot 6 (3/block) 120 (30 + 30) 720 120 1.0
Three-block split-plot 9 (3/block) 120 (20 + 20) 720 80 1.2
Four-block split-plot 12 (3/block) 120 (15 +15) 720 60 1.33
Fully paired A 6 60 (30 + 30) 720 120 0.83
Fully paired B 6 120 (60 + 60) 1440 240 1.16
120 0.90

Unpaired reader 12 120 (60 + 60) 1440
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Study Designs:

Efficiency

e Simulation informed theory

— More groups = less variance

Journal of

Medical Imaging

var(ATC, — ATC,)

Medicallmaging.SPIEDigitalLibrary.org

https://doi.org/10.1117/1.JM1.5.3.031410

1 1
= e
NRg Ng

Paired split-plot designs of
multireader multicase studies

Re-organize
Weijie Chen

components Qi Gong
Brandon D. Gallas

2018
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Study Designs:

Efficiency

* Simulation informed theory
— More groups = less variance

Journal of

Medical Imaging

var(4TC, — ATC,)

1 V + 1 Medicallmaging. SPIEDsgitalLibrary.ong
NR R NG C https://doi.org/10.1117/1.JMI.5.3.031410
'y Paired split-plot designs of

multireader multicase studies

More groups
Weijie Chen

= less variance Qi Gong
Brandon D. Gallas

2018
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MRMC Tools FUA

|£| iIMRMC Version 4.0.3 _ O ®
Help and Info

Select an input method: | Please choose input file mode |« Reset

Welcome to use iMRMC software

o
Please choose one kind of input file It Hu b

Statistical Analysis:

AUC =

Large Sample Approx(Mormal): p-Value = Conf. Int. = Reject Null? =
T-test with df{BDG) = : p-Value = Conf. Int. = Reject Mull? =

Hillis Approx Show Variance Component

Study Design:  # of Split-Flot Groups |1 Paired Readers? (@) Yes ()Mo  Pair Normal Cases? (®)Yes (Mo  Pair Disease Cases? (@ Yes () No
[ 5ize MLE  Significance level 0,05 | Effect Size |0.05 | #Reader |0 #Normal |0 #Diseased |0 Size a Trial Explore Experiment Size
Sizing Analysis: 5.E=
Large Sample Approx(Mormal): Power=
T-test with BDG(df) =: , Lambda= , Power=
Hillis Approx
Save Stat Analysis Save Size Analysis Analyze All Modalities
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MRMC Tools )
iIMRMC Software, GitHub Repository

e GitHub:

— Version Control

€) DIDSR/IMRMC: iMRMC user - X S

. « 3> C @ © & https;//github.com/DIDSRAMRMC ww - @ W N DO @ @& ¢ &F =
- Co”aboratlon {}Most\ﬁs\ted EIEmail E’A\hance E’Nclhub E’dataco\\action E’Coda EIProJacts EIIntIMeeting Elquick Elmusic E’dict Ellibrary Elmaps E’MStips »
— Issue tracking :
. . . Search or jump to... Pulls Issues Marketplace Explore
— Dissemination

& DIDSR/iMRMC @uUnwatch + 9 feUnstar 10 Y Fork T
e Java Package
R Package

— Hosted at CRAN

<> Code (V) Issues 16 Il pull requests 1 ®) Actions [l Projects 7 wiki

0 master + Go to file Add file ~ About 3

iIMRMC user manual

i iIMRMC features bdg Add iIMRMC_1.23targz and iMRMC_12.. .. onMay6 D1154  and other resources
— Size MRMC study

& didsr.github.io/imrmc/

A | MRMC st d settings eliminating a superfluous trunk layer 5 years ago
- nalyze stuay
Produce ROC curves MatlabFunction  iRoeMetz: Update numerical calcula... 3 years ago [ Readme
Rpackage Improve error checking in doIMRMC 4 months ago 5 View license
° Wi ki bin Add author name and description f... 6 months ago
. : : . nal- ; Releases 12
_ Ada pt for blnary data lib Numerical button: calculate signal-r... 4 years ago | |
— Links to data packages src Add author name and description f... 6monthsago 0 IMRMC-v4.0.1 ( Latest)
on Apr 15, 2019
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MRMC Analysis

Publications and Software

Joutnal of

Medlcal Imaging

Medicallmaging.SPIEDigitalLibrary.org

https://doi.org/10.1117/1.JMI1.6.1.015501, 2019

GitHub Wiki Page: iMRMC-Datasets

Impact of prevalence and case
distribution in lab-based diagnostic
imaging studies

Brandon D. Gallas
Weijie Chen

Elodia Cole

Robert Ochs
Nicholas Petrick
Etta D. Pisano
Berkman Sahiner
Frank W. Samuelson
Kyle J. Myers

L VIPER Supplementary Materials J

https://didsr.github.io/viperData/

FDA.gov

e https://github.com/DIDSR/iMRMC/

FDA

wiki/iMRMC-Datasets

viperData R package
e Data

* Rscripts

e R Markdown Files

Supplementary Materials

e Study Designs (Split-Plot)

e Sizing analysis

 Histograms of reader scores and
ROC curves

All analyses fully reproducible
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https://doi.org/10.1117/1.JMI.6.1.015501
https://didsr.github.io/viperData/
https://github.com/DIDSR/iMRMC/wiki/iMRMC-Datasets

BONUS

High-Throughput Truthing Project
HTT project

OSEL




« Slides originally presented at

e SIIM: Society for Imaging Informatics in Medicine

SV

| 1980-2020

* Play recorded audio (with fingers crossed)
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https://siim.org/

High-throughput truthing (HTT) Collaborators

Collaboration of Volunteers

Engage stakeholders through the Alliance for Digital
Pathology

@060 ®®

Pathologists Academia Health Associations Industry
Systems

Involve experts & the community.
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HTT Core Collaborators

Project mgmt.

Sarah Dudgeon, MPH
FDA/CDRH/OSEL/DIDSR

caI\/Iicroscope team
Ashish Sharma, PhD

Emory University Department of Biomedical Informatics

Joel Saltz, MD PhD

Dept. of Biomedical Informatics, Stony Brook Medicine

Nan Li, MS

Dept. of Biomedical Informatics, Stony Brook Medicine

PathPresenter team
Matthew Hanna, MD

Memorial Sloan Kettering, New York, NY
Rajendra Singh, MD
Icahn School of Medicine at Mt Sinai

Krushnavadan Acharya, MCA

PathPresenter

FDA.gov

Slides and Clinical
Roberto Salgado

Peter Mac Callum Cancer Center; GZA-ZBA Hospitals
International Working Group for TILs in Breast cancer
Denis Larismont

Institut Jules Bordet

Statistics

Si Wen
FDA/CDRH/OSEL/DIDSR

Manasi Sheth
FDA/CDRH/OPEQ/OCEA/Biostatistics

Chava Zibman
FDA/CDRH/OPEQ/OCEA/Biostatistics

Weijie Chen, PhD
FDA/CDRH/OSEL/DIDSR

Committee
Mohamed Amgad, MSc

Emory University School of Medicine, Atlanta,
GA

Rajarsi Gupta, MD, PhD

Renaissance School of Medicine and Dept. of
Biomedical Informatics, Stony Brook Medicine

Steven N. Hart, PhD
Mayo Clinic, Rochester, MN

Joe Lennerz, MD, PhD

Massachusetts General Hospital, Boston, MA

Richard Huang, MD, MS

Massachusetts General Hospital, Boston, MA

Anant Madabhushi, PhD

Case Western Reserve University

Kyle J. Myers, PhD
FDA/CDRH/OSEL/DIDSR

ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies

60

OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science




High-throughput truthing (HTT) Project

Demonstration project

e Collect multi-reader image annotations
to establish biomarker truth

 Annotations support validation of an
algorithm

e Pursue FDA qualification of a
Medical Device Development Tool

e Application: Stromal Tumor Infiltrating
Lymphocytes (sTILs) are prognostic in
breast cancer
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https://www.fda.gov/medical-devices/science-and-research-medical-devices/medical-device-development-tools-mddt

Standardized Annotations Yield a Biomarker

e Quantitative Biomarker
e Density of sTILs: 0-100

FDA.gov ASA-BIOP, 23 Sept. 2020, Gallas, Modeling/Simulating Reader Studies
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ROI Label
Inira wmaral stroma

Description :

Flease add description

% Tumor-Associateed Stroma :

% 1

FDA.gov

Standardized Annotations Yield a Biomarker

e Pathologist
— Takes time
— Requires training
— Noisy
— Board Certification

e Algorithm
— Fast
— Requires training
— Reproducible
— Regulatory permission
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ROI Label

Inira wmaral stroma

Description :

Flease atd description

% Tumor-Associateed Stroma :

1

% 1

FDA.gov

Standardized Annotations Yield a Biomarker

e Pathologist
— Takes time
— Requires training
— Noisy
— Board Certification

e Algorithm
— Fast
— Requires training
— Reproducible

— Regulatory permission
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1
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FDA.gov

Standardized Annotations Yield a Biomarker

Pathologist
— Takes time
— Requires training
— Noisy

— Board Certification

e Algorithm
— Fast
— Requires training
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RO Lal

Inira wmaral stroma

Description :

Flease atd description

% Tumor-Associateed Stroma :

1

% 1

FDA.gov

Standardized Annotations Yield a Biomarker

Pathologist
— Takes time
— Requires training
— Noisy

— Board Certification

e Algorithm
— Fast
— Requires training
— Reproducible
— Regulatory permission
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Patch to Whole Slide Image

P
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P e . .

e /oom Ou
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Whole Slide Images: Digital Scans of Glass slides

* Breast Cancer Biopsies

5 mm

e Square Regions of
Interest control the
evaluation areas

Current selection by pathologist:

e Areasin tumor (~50%)

e Areasin tumor margin (~20%)
« e Other (~30%)
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Whole Slide Images: Digital Scans of Glass slides

* Breast Cancer Biopsies

5 mm

e Square Regions of
Interest control the
evaluation areas

Study to prepare the study.
Cover the range of scores.
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Whole Slide Image to Patient

5 mm

N Zoom Out

B
.‘Q?' .
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Patients A

Planned for

Subgroup Description IV e Define the patient

<40 years old Yes .
40-60 years old Yes popu Iatlon
>60 years old Yes
Luminal A Maybe
Breast Luminal B Maybe
Cancer Triple-negative Yes
Su btypes HER2 posi.tive Maybe
Normal-like Maybe
0 Yes
Breast | Ves
Cancer I Yes
1l Y
Stages e
\V Yes
. Therapy 1 No
Patients E—— "
After
Th 3 N
Therapy SRy °
TILs always look the same. "N N

Background “context” looks different.
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Update: Choices & Challenges

MELEEEE o Alliance Meeting

PathPresenter caMicroscope eeDAP e USCAP Annual Meeting

nReaders 7 8 7 ® Feb. 28, 2020
nObs at USCAP 850 300 440

nObs post USCAP 232 572 o Four workstations
nObs Total 1082 872 a0 ® 2 Mmicroscopes

e 2 digital platform

Total Obs ] ]
2394 64 slides (balance sampling
within and across specimens)
e 8 batches of 8 slides
e 10ROIls per slide
e 30 minute sessions S
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What does the data look like?

e Histogram of Biomarker
Scores

Scores from one reader evaluating
six ROIs in one case TILS-00

o
—

e Many slides yield LOW
biomarker scores

LOW
biomarker scores

Frequency
6

[ I I I I ]
0 20 40 60 80 100

STIL densities
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What does the data look like?

e Histogram of Biomarker
Scores

Scores from one reader evaluating
ten ROIs in one case ILS-00

e Many slides yield LOW 5

biomarker scores N T
2 MODERATE
g © [ biomarker scores, }
§ i heterogeneous

e Some slides yield LOW to .
MODERATE biomarker |
scores mﬂ ” N 11
sTIL densities
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What does the data look like?

e Histogram of Biomarker
Scores

Scores from one reader evaluating
nine ROIs in one case ILS-00

e Many slides yield LOW s
biomarker scores o S
biomarker scores,
[ heterogeneous }

e Some slides yield LOW to .
MODERATE biomarker
Scores 101 H [ 1 H

[ I I I I ]
0 20 40 60 80 100

Frequency
6

sTIL densities

e Some slides yield LOW to
HIGH biomarker scores
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FDA.gov

What does the data look like?

Histogram of Biomarker
Scores

One reader
All 64 slides
10 ROIs per slide

Oversampling low scores

Frequency

60 80 100

40

20

-

Scores from one reader evaluating
all ROIs in 64 cases

J

\

sTIL densities
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Agreement: Start with a scatter plot

e Two readers, batch001
* Plot axes scaled log base 10

e  Circle size proportional with number of observations
*  Flip reader7281 <->reader5139

cores,N=E£

reader7281

1 2 5 10 20 50 100

reader5139

FDA.gov

reader5139

100

50

Flipx<->vy

scores,N=t

reader7281 -

Reader Y

100

50

Combine to Symmetrize

Between-reader scores (symmetric), N = 56

FOA

o 0

-]

g
S

T T T
0 §0 100

Q8 >

Reader X
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Agreement: Consider all pairs of readers

Score differences from 3 readers

FDA

Bland-Altman Plot

Batch001. N = 346 5(sym Between-reader Score differe
’
o
S % o o
Q o
3 — = Upper Limit of Agreement
v @ o o
: 2% O °
> - s O . 0 oy
% 3 w0 5 /\ o Oo o
s = Rotate 9 s Q‘Q g) @
g - SRR ooé«ﬂoo :
- g, O T2 0 o
Y w
s <1 QO .
- ke Qe e
- | a 3 S Lower Limit of Agreement
o |
T I I I
1 2 5 10 20 50 100 0.0 05 1.0 1.5
Reader X Average of Log.10(scores) .
¢ Limits of Agreement & g 10( ) e
should account for N
reader and case
variability
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Agreement: Consider all pairs of readers

_ Bland-Altman Plot
Score differences from 3 readers

FOA

Batch001. N = 346 5 (sym Between-reader Score differe
’
o
S % o o
{ o)
3 — O"O Upper Limit of Agreement
)
S
O o
o L
- S (@)
[ i
[} Qo
g S Rotate 9 23
g 45 uc—)
n _| (%]
m Ak
g
SV ]
SR 5
o o o S Lower Limit of Agreement
o |
T I I I
1 2 5 10 20 50 100 0.0 05 1.0 1.5
Reader X Average of Log.10(scores) .
¢ Limits of Agreement g g-10( ) e i
should account for S
reader and case
variability
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Summary and Future Work
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Summary

e MRMC variance of AUC framework allows study sizing

— Variance components
— Coefficients that correspond to experiment size

 Framework (and simulation) allow study of tradeoffs
— Resources (Number of readers, cases, and observations)
— Statistical efficiency

e Split-plot studies are less burdensome than fully-
crossed studies
— Avoid diminishing returns from collecting correlated data
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Future (Current) Work
(to support the HTT project)

e Cluster / Nested Data

— Multiple regions per case
— Building simulation

* Quantitative Measurements
— Between-reader agreement
— Within-reader agreement

50 100

20

10

— Algorithm-reader agreement

reader7281

— Generalizing MRMC "
methods and simulation T r s w om m w

— Correlation, Mean-squared error readers139
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