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Background - Biostatistics
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Background - Medical Al

Medical Imaging and Al

Chest X-Ray Mammogram Pathology
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Background - Medical Al
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Main - Biostatistical application in clinical study

Overview of clinical study for SaMD

SaMD inputs
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Figure 9 - SaMD Basic Programming Model



Main - Biostatistical application in clinical study

Overview of clinical study for SaMD

VERIFICATION

ANALYTICAL CLINICAL

VALIDATION VALIDATION

Stage involves human subjects

Activity performed by:

(non-clinical)
engineers

both engineers and
clinically-trained
professionals

clinically-trained
professionals




Main - Biostatistical application in clinical study

Statistical inference

Unaided vs With Al

Performance Improvement with
use of Al?
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Main - Performance Evaluation

Historical Background (ROC Curve)

e World War Il

e Classification of radar signal
o Noise vs War Plane?




Main - Performance Evaluation

Application in Radiology (ROC Curve)

e Medical Image in Radiology
o Chest X-ray, MMG, etc...

e Suspicious region on the image
o Lesion vs Noise?




Main - Performance Evaluation

Construction of ROC Curve
Perfect RO curve

classifier
1.0 Better

e Sensitivity(y - axis)
e 1- Specificity (x-axis)
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Test result:
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Main - Statistical Analysis for Regulatory Approval

Primary endpoint vs Secondary endpoint
Primary Endpoint

e outcome(s) that establish the effectiveness of the device in order to support regulatory
action®
e ROC summary performance metric is recommended**

Secondary Endpoint

e To demonstrate additional effects after success on the primary endpoint*
e Sensitivity and Specificity is recommended when ROC summary performance metric is
used**



Main - Statistical Analysis for Regulatory Approval

Sample size estimation

Factors affecting on sample size
Ho : AUC; = AUG, versus H, : AUC, # AUG,

e Predetermined value from previous studies

——— e e e e ——— D e SR 2

Zf\,’VHoa AUC, - AUG,) + Z.‘-;\[' Viii (AUC; — AUC,) e Success criteria for the clinical study
Type | error and Type |l error for statistical
judgement

AUC; — AUG,)*



Main - Statistical Analysis for Regulatory Approval

Multi-Reader Multi-Case Study

Test 1(Without Al CAD) AUC vs Test 2 (With Al CAD) AUC

Yijk =,U+T,'+Rj+Ck +(TR),-.,-+(TC),-/\,'F(RC)jk'f'(TRC)UA- +8ijk




Main - Statistical Analysis for Regulatory Approval

Standalone Study
Standalone Performance Assessment

e The performance of the device by itself
o inthe absence of any interaction with a clinician
e Estimates how well
o the device marks regions of known abnormalities and
o the device avoids marking regions other than the
abnormalities(e.g., normal organ and structures)



Main - Statistical Analysis for Regulatory Approval

Statistical Analysis using R

e Specific R Packages
o RJaFROC
o MRMCaov

20



Main - Statistical Analysis for Regulatory Approval

Protocol

[Hvypothesis in the pivotal reader study of the Lunit

= Null hypothesis (Hp): AUC tets = AUCrest2¢

The average ROC AUC is equivalent when the reading panelist evaluates the image
with or without CAD assistance.«

= Alternative hypothesis (Hi): AUC texs # AUC tesrae

The average ROC AUC is not equivalent when the reading panelist evaluates the image
with or without CAD assistance.«

21



Main - Statistical Analysis for Regulatory Approval

Protocol

For effect size set as | |with alpha 0.05 and power 0.9, the number of readers and cases
required for ROC AUC comparison are estimated as below. «

Number of Reading Panelist- Number of Cases« ¢
10+ 1015« o
116 640. ¢
126 468+ o
13¢ 369« o
14 305+ o
15- 260~ o
16¢ 226+ E




Main - Statistical Analysis for Regulatory Approval

Clinical Study Report

3. Endpoint Analysis+
3.1. Primary Endpoint Analysis-
[Table 3.1] Patient-level LOS area under the receiver operator characteristic(ROC) curve «

LOS+ Test1+ Test2« Test2-Test1« P-value?-
ROC AUC (95%CI)"« a u o o

- - - 00001
(( )¢ ({ De (( De

LOS: Level of Suspicion, ROC AUC: Area under the receiver operating characteristic (ROC) curve+

o

Cl: Confidence Interval+
Test1: Conventional reading without CAD assistance+
Test2: Second-reading with CAD assistance «
1)  Readers and images were treated as random effects. Non-parametric trapezoidal method was used to estimate the area under the
ROC curve (AUC)+
2)  P-value for statistical difference of ROC AUC (Test2 — Test1) «

&

+

*
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Main - Statistical Analysis for Regulatory Approval

510(k) Summary
Lunit INSIGHT MMG (K211678)

This 510(k) summary of safety and effectiveness information is prepared in accordance with the
requirements of 21 CFR §807.92.

Date Prepared: November 15, 2021
I. SUBMITTER

Manufacturer:

Lunit Inc.

15 Floor, 27 Teheran-ro 2-gil, Gangnam-gu, Seoul, Republic of Korea 06241
Phone +82-2-2138-0827

Fax +82-2-2135-5413

24



Main - Statistical Analysis for Regulatory Approval

The primary endpoint of the standalone performance measured the Lunit INSIGHT MMG performance
compared to radiologist performance alone. ROC AUC in the standalone performance analysis was
0.903 (95% CI: 0.889-0.917) with statistical significance (p < 0.0001), which demonstrates
improvement compared to the interpretation performance of radiologists when reading mammograms

unaided. The secondary exploratory endpoints are two types of LROC AUC, sensitivity and specificity
and these results are as follow:

[Standalone Analysis Results]

ROC AUC [95% CI] 0.903 [0.889, 0.917]
*p < 0.0001
Type | LROC AUC [95% CI] 0.781 [0.751, 0.812]
Type 1l LROC AUC [95% CI] 0.792 [0.763, 0.822]
Sensitivity (%) [95% CI] 85.74 [82.95, 88.53]
Specificity (%) [95% CI] 75.62 [73.64, 77.60]

Clinical Testing — Reader Study

Clinical Performance Assessment was conducted to evaluate effectiveness of Lunit INSIGHT MMG in
the assistance of detection and diagnosis of breast cancer during screening mammography
interpretation. A retrospective, multi-reader multi-case (MRMC) study was conducted comparing the
reading panel’s interpretation performance with and without the assistance of the Lunit INSIGHT MMG
during the screening mammography interpretation.

| 25



Main - Statistical Analysis for Regulatory Approval

[Plot Comparison of the standalone performance, CAD unaided and aided reader
interpretation]

1.00 -

0.75 -
bL_ -
Q- 0.50-

0.25

0.00 - -

0.00 0.25 0.50 0.75 1.00
FPF
class Standalone Lunit MMG(0.863) = Unaided(0.754) With Lunit MMG(0.805)
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Main - Use of Al in Work (typeset.io)

(1 1]
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SCISPACE

Overview

Search papers, authors, topics and more Q

Full-text Citations (21.9K) Related Papers (5)

S Explain math & table Q@Q  116% v

HIasKIng, COMDUICU WILL 1dCL UldL UIC OuLlpul CIIDCUULIIZS dI€ OL1ISCL DY OHC POSIUOIL, CISUICS Uldl UuIe
predictions for position 7 can depend only on the known outputs at positions less than 7.

3.2 Attention

An attention function can be described as mapping a query and a set of key-value pairs to an output,
where the query, keys, values, and output are all vectors. The output is computed as a weighted sum
of the values, where the weight assigned to each value is computed by a compatibility function of the
query with the corresponding key.

3.2.1 Scaled Dot-Product Attention

We call our particular attention "Scaled Dot-Product Attention" (Figure 2). The input consists of
queries and keys of dimension dj, and values of dimension d,.. We compute the dot products of the

@

27



Main - Use of Al in Work (typeset.io)

& English (en) —

attention function can be described as mapping a query
and a set of key-value pairs to an output,

7:43 pm

The highlighted text refers to an attention mechanism used in the
proposed network architecture. The attention function is a
mathematical operation that takes a query and a set of key-value
pairs as inputs and produces an output. The query is a vector that
represents the current state of the decoder, while the key-value pairs
are vectors that represent the states of the encoder.

The attention function computes a similarity score between the query
and each key vector, using a dot product or a more complex function.
The scores are then normalized using a softmax function to obtain a
probability distribution over the key vectors. The values are weighted
by the probabilities and summed up to produce the output, which is a
context vector that captures the most relevant information from the
encoder for the current decoding step.

The attention mechanism allows the decoder to focus on different



Main - Use of Al in Work (gamma.app)

e ..
& Hi SooYoung, I'm your Al design partner. What would you like to create today?

29



Main - Use of Al in Work (gamma.app)

Contents ”
e Introduction to AFROC in Medical Al

* The Basics of AFROC

» Calculating AFROC

» The significance of FOM in Medical Al

» Application of AFROC across Medical Al Systems
» Potential Future Work in AFROC

+ Conclusion

@

Introduction to AFROC in Medical Al @ Theme

Introduction to
AFROC in Medical
Al

AFROC, or Alternative Free-Response Receiver
Operating Characteristic, is a statistical method used
to evaluate and validate medical Al systems. In this
presentation, you'll learn how AFROC FOM is used in
the Medical Al field and how to estimate it.

§ by SooYoung Kwak

Last edited about 1 month ago
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Contents z
e Introduction to AFROC in Medical Al

* The Basics of AFROC

e Calculating AFROC

* The significance of FOM in Medical Al

* Application of AFROC across Medical Al Systems
* Potential Future Work in AFROC

* Conclusion

@

Introduction to AFROC in Medical Al

/
II

AFROC Definition

AFROC is a statistical method
used to evaluate diagnostic
systems in medicine. It
measures the performance of
the system when the output is
free-form and the response is

not binary.

@ Theme & Share O 0 Lt
The Basics of AFROC

Use Cases of AFROC
FOM

AFROC FOM is used in Medical
Al Field to measure the
performance of diagnostic
systems. The method can
evaluate the performance of
systems designed to predict
outcomes such as readmission

or mortality risk.

The Role of AFROC FOM
in Medical Research

AFROC FOM allows
researchers to better
understand the performance of
the models being developed,
which then enables them to
focus on improving models and
identify areas that need

improvement.

31



Main - Use of Al in Work (Bing chatGPT)
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Suggest me an R script for change
dataframe names in the list. | have 16
dataframes in the original list. In original
list, | have dataframes named

RTO1_Session-1, RTO2_Session-1
RT16_Session-1 and | want to change the
names to RTO1 _with_Al, RTO2 with_ Al

to RT16_with Al

“R script change dataframe names in the list”

o
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Main - Use of Al in Work (Bing chatGPT)
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Here is an R script that you can use to

change the names of dataframes in a list.

You can use the  lapplyv{) | function to
loop through each dataframe in the list
and rename it using the setNames()
function. Here’'s how you can do it:

# Create a | ist of dataframes
gzl St
list (RTO1_Session—1,

RTOZ_Session—1, RTO3_Session—1,
RTO4 _Session—1, RTOL_Session—1,
RTO6_Session—1, RTO7_Session—1,

RT10_Session—1, RT11_Session—1 .,
RT12_Session—1, RT123_Session—1,
RT14_Session—1, RT15_Session—1 .,

i i
i i
i i
RTOS8_Session—1, RTO9O_Session—1,
i i
i i
i i
RT16_Session—12)

# Def ine new names for dataframes
Nnew_names <— c("RTO1_with_Al1",

"RTOZ2_with_aAIl", "RTO3_with_aAl",
"RTO4 _with_A1", "RTOS_with_aAl",
"RTO6_with_Al1", "RTO7_with_al",
"RTOS_with_aA1", "RTOS_with_al",
CRTLG witEhaA LY SR w e A
"RT12_with_a1", "RT13_with_al1",
"RT14 with_AIl", "RT15_with_al",
"RT16_with_a1")

38



Main - Use of Al in Work (Bing chatGPT)

Can you suggest an regex to do this task?

“regex to rename dataframe names in R” & 28

~ =
- THele AEaMsie =

Here is a regex that you can use to
rename the dataframe names in R:

# Create a |list of dataframes
original_list <—
list{RTO1_Session—1,
RTOZ2_Session—1, RTO3_Session—1.,
RTO4 _Session—1, RTOL_Session—1,
RTOG6_Session—1, RTO7_Session—1,
RTO8_Session—1, RTO0O9_Session—1,
RT10_Session—1, RT11_Session—1,
RT12_Session—1, RT13_Session—1,
RT14_Session—1, RT15_Session—1,
RT16_Session—1)

# Def ine new names for dataframes
using regex

new_names <— gsub{W'Session®",
Whwith_al@s'",
names{original_list))

# Use lapply() function to |loop
throuah each dataframe in the



Main - Use of Al in Work (Bing chatGPT)

# Define new names for dataframes
using regex

new_names <— gsub{(#"Session@®",
Wr'with_al@w",
names(original_list))

# Use lapply() function to loop
through each dataframe in the
list and rename it using
setMames{) function

new_|ist <—
lapplv{(seq_along{original_list),
functiond{i)
setMames{original_list[[il],

new_names[i]))

# Print the new |list of
dataframes
new_list

This script will create a new list of
dataframes with the new names that you
specified using regex. The [ gsub()
function is used to replace the word
“Session” with “with_Al" in the original
dataframe names. | hope this helps!

XEMlEF H 2 2/20 @
1. stackoverflow.com
2. stackoverflow.com

3. stackoverflow.com — =S| 27|
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Main - Use of Al in Work (Bing chatGPT)

# Create a 1ist of filen i
les2 < Tist. files(path = " /Users/USER/Desktop/Stat Analysis
pattern = "*,csv", full.nanes = TRUE)

i
fi

57
3
5
b0

01 Tist_df2 < Tapply(files?, read.csv)

b2

63 # Assign nanes to the [ist elenents based on f1le nanes

04 names(1ist_df2) < gsub("-\\d_Session-(\\d).csv", "_\\L", basename(files?))
0S

36



Summary

‘termined Change Control Plan for Lunit INSIGH"
Statistical Analysis Result«
luction
Indications For Use
Device Description

tistical

AN INFORMATION < ‘are pre-specifications
LUN _CCT_411« Algorithmic changes
l Multi-Reader, Multi-Case (MRMC), Retrospective, Explora 1.1.1 Changes in training process
Examine the Feasibility of the Investigational Device in the 1.1.2 Changes in network architecture
Pulmonary Nodule in Chest CT+« 1.1.3 Changes in preprocessing
1.0-° 1.1.4 Changes in the data
10-= Input
1.2.1 Device coverage
2:0¢; 1.2.2 Analyze change
Inten

ithm

Ch14. Deep Learning in Breast Cancer Screening

o

Information

Training
Program
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Q&A

STATISTICIAN

What my parents think | do

e

y

What my boss thinks | do What | think I do What | really do
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