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Biomarker(biological marker)

»characteristic

v' objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention

NIH Biomarkers Definitions Working Group. Clin Pharmacol Ther, 2001

»any substance, structure, or process
v’ can be measured in the body or its products

influence or predict the incidence of outcome or disease
WHO International Programme on Chemical Safety. 2001

> O

v clinical sign/symptom, laboratory test, gene expression
technology, proteomics s, £= 0|=2 =&



Categorization of different biomarkers

Table 1. Categorization of different biomarkers.

Term Definitions Properties Examples
Preventative Biological traits that can help in Often DNA biomarkers, stable over ~ BRCA1 and BRCA2 in breast
biomarkers patient-specific disease prevention  time and across tissue types cancer prevention
Diagnostic ~ Clinical indications that help doctors Often exist after onset of the Citrullinated peptides/proteins
biomarkers  screen, diagnose, or measure the disease and disappear after the (anti-CCP antibodies) in
severity for a certain type of disease disease is cured rheumatoid arthritis diagnosis
Prognostic A biomarker that monitors the Often exist after the onset of MammaPrint to predict the
biomarkers  disease progression or predicts the  the disease and may change over metastasis in breast cancer
disease outcome time; belong to either DNA cancer
biomarkers or general biomarkers
Predictive A biomarker that predicts the Same as prognostic biomarkers. Human epidermal growth factor
biomarkers treatment response of a certain receptor 2 (HER2) for breast
disease cancer treatment of trastuzumab
and lapatinib

He. Clin Invest 2015



Phases of Biomarker Development

discovery-validation-implementation

Preclinical Clinical assay Retrospective Prospective BINEEIE

exploratory and longitudinal screening control
study Validation studies studies studies

Pepe et al. J Natl Cancer Inst. 2001



Biomarker 19| 4HtA (Gludd A 2H)

»Phase I: Determining the normal range of values
for a diagnostic test through observational
studies Iin healthy people

»Phase II: Determining the diagnostic accuracy
through case-control studies, including healthy
people and (a) people with known disease
assumed by diagnostic standard and (b) people
with suspected disease

»Phase III: Determining the clinical consequences of
intrcl)ducing a diagnostic test through randomized
trials

»Phase IV: Determining the effects of introducing a
new diagnostic test into clinical practice by
surveillance in large cohort studies



Biomarker evaluation: questions

» analytical validity
v  “"Can I trust the results of this marker?”

» clinical validity: accuracy of marker
v “Are the results of this test meaningful?”

» clinical utility

v “Is using the marker helpful in improving or
maintaining the health of patients”



Clinical utility: &1 MAHA
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Bossuyt et al Clin Chem 2012



Clinical utility Of

Fatients presenting with snortness ot brea

N=452
v 5
CKD No CKD
N=225 N=227
| |
Jr Randomization ¢ J, Randomization ¢

Routine diagnostic
strategy +
BNP determinance

Routine diagnostic
strategy +
BNP determinance

' . ' }

Treatment Treatment Treatment Treatment
(diagnosis dependent) (diagnosis dependent) (diagnosis dependent) (diagnosis dependent)

v - ' }

Routine diagnostic
strategy

Routine diagnostic
strategy

Outcome — Qutcome — QOuicome — Outcome —
time to discharge time to discharge time to discharge time to discharge
11 days 13 days 2.5 days 9.5 days
Compare outcomes: Compare outcomes:

Adding BNP to diagnostic strategy did not Adding BNP to diagnostic strategy did
improve time to discharge in patients improve time to discharge in
with CKD (P=0.291) patients without CKD (P =0.003)

BNP - b-type natriuretic
CKD — chronic kidney disease

Stralen et al. Kidney Int 2009



Biomarker by treatment interaction design

All subjects

}

Diagnosis of Biomarker

! 4
Biomarker positive Biomarker negative
] |
Randomization Randomization
! } + '
Standard Test Standard Test
treatment treatment treatment freatment

Gosho et al. Sensors 2012



Biomarker-strategy design

(@)

All subjects

Y

Diagnosis of Biomarker

v

(b)

All subjects

Y

Diagnosis of Biomarker

!

Randomization

v

'

Randomization
|
i ]
Biomarker based Non-biomarker
-strategy -based strategy
|
! i
Biomarker + Biomarker —
Test Standard Standard
treatment treatment treatment
Biomarker Patients are

strategy design

randomized to

Biomarker based

Non-biomarker

-strategy -based strategy
| ! —— L -
Biomarker + || Biomarker — an or;uza lon
l l I l
Test Standard Test Standard
treatment treatment treatment treatment

Complete information gathered; able to Scale and cost might be large

biomarker strategy
group and control

group

test companion diagnostic tools




Enrichment Design and Hybrid Design

(a) All subjects

A 4

Diagnosis of Biomarker

Good for biomarker with clear evidence

(b) All subjects
Diagnosis of Biomarker
|
+ 4
Biomarker + Biomarker —
Randomization
|
‘ ‘ \ 4
Standard Test Standard
treatment | | treatment treatment

1
4 ‘
Biomarker + Biomarker —
v
Randomization
|
+ 1 ]
Standard Test Off study
treatment | | treatment
Designs Properties Advantages
Enrichment Only enroll biomarker
design positive patients and/or low prevalence

Disadvantages

Cannot gather treatment information
for all population; cannot test for the
companion diagnostic tool validity



adaptive signature and
biomarker-adaptive threshold designs

Basic RCT (Svs T)

Comparison between T and S using
statistical test at o4 for all patients

Significant [

1 Not significant

Succeeded in showing
the efficacy of T for all
patients

Comparison between T and S using
statistical test at o, for
biomarker-positive subgroup

Significant i I 1 Not significant

Succeeded in showing the Fail to show
efficacy of T for the subgroup efficacy of T




adaptive accrual design

Basic RCT (Svs T)

l

Interim analysis of comparison between
T and S for biomarker-negative patients

Futiity ' 1 Unclarity
End of accrual of Continuance of accrual of
biomarker-negative biomarker-positive/negative
patients patients
Comparison between T and S Comparison between T and S
for biomarker-positive patients for all patients and
for biomarker-positive patients
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Classification, Discrimination,
Calibration, and Re-classification

» Classification
v MK EICHAAE & o= el2&8E 5§22

U
Rl

» Discrimination
v MHIXIED 2ta 290 et DR E AN JRE HAXE R0t

=4
- O ™M

v 0l: PPV, NPV, Mean Risk Difference (MRD), Net Benefit (NB),
Overall concordance measures s

> Calibration
v MAIXEJOIES LHOIA 24 290 oLt
v' (0l Brier score
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> Re-classification
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Binary Markers®2| Accuracy 573

blomarker 2 QS AH o
oL A True positive  False positive
(TP) (FP)
= A False negative  True negative

(FN) (TN)




Accuracy S3d X H

»Error-based measure
v'Sensitivity, Specificity
v'Overall fraction correct
v'Youden’s ] index

= true positive fraction - false positive fraction
v AUC

> Information-based measure
v Positive/Negative predictive value
v’ Positive/Negative likelihood ratio

»Association-based measure
v'Diagnostic odds ratio = LR+ / LR-

= (TP X TN) / (FP x FN)
v’ Kappa
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Summary

Total population

Test
outcome

positive
Test

outcome
Test

outcome
negative

Positive likelinood ratio
{LR¥) =
TPR/FPR

Negative likelihood
ratio (LR=) =
FNR/TNR

Diagnostic odds ratio
(DOR) =
LR+/LR-

Condition
(as determined by "Gold standard")

Condition positive

True positive

False negative
(Type Il emor)

True positive rate (TPR,
Sensitivity, Recall) =
% True positive

Condition negative

False positive
(Type | error)

True negative

False positive rate (FPR, Fall-out)

Z False positive

Prevalence =
% Condition positive

Z Total population
Positive predictive value (PPYV,
Precision) =
Z True positive

False discovery rate (FDR) =
2 False positive

% Test outcome positive

False omission rate (FOR) =
Z False negative

% Test outcome negative

Accuracy (ACC) =
z True DOS“WE + % True negalive

% Test outcome positive

MNegative predictive value

(NPV) =

2 True negative

% Condition positive

False negative rate (FNR) =
I False negative

% Condition positive

% Condition negative
True negative rate (TNR,
Specificity, SPC) =
I True negative

Z Condition negative

% Total population

% Test outcome negative

http://en.wikipedia.org/wiki/Sensitivity _and_specificity



Continuous Markers®| Accuracy &%
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Continuous Markers2| Accuracy 53: ROC

>0 2 =E0|% ZF trade-off

>AUC “{rﬁﬁﬁ#
vROC =4 Ofef H= y |

vXICtEC 1o Mt
VAN 2fet gt 1 0.5
vAUC JI 2+== &=

St

r&"

>215 2 X&)k 80| cut-off



AUC AMFE: sas AT}

The LOGISTIC Procedure
Odds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits

hbalc 22.125 15.760 31.059
Association of Predicted Probabilities and Observed Responses

Percent Concordant 91.0 Somers'D 0.837
Percent Discordant 7.3 Gamma 0.852
Percent Tied 1.7 Tau-a 0.180
Pairs 716372 [ C 0.918 ]: AUC




Optimal cut-off point

(1,1)
Sy=1 & SF1 &S, =0

—
3¢
=

Youden index

Sensitivity (Ture positive rate)

- . - . J
(0,0) 1- Specificity (False positive rate) (1,0)
e 5,=0 &S, =0

Sy= Sensitivity, Sy = Specificity

Kumar et al. Indian Pediatr. 2011



Optimal cut-off point

> Euclidean method

»Youden Index
(sensitivity)+ (specificity)—1 : maximization

> Likelihood ratio

SV - maximization, zr- = LS mjpimization
(1 - specificity) specificity

LR+ =

» Efficiency

p x sensitivity + (1— p) x specificity, p = prevalence rate



= biomarkerQ| DIZIE H|W

& ol B2 Chi-Square test / Fisher’s exact test
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ROC d|

= ROC d|
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= ROC H|1 O

% ROC curves and AUC of obesity indices in relation
to multiple metabolic risk factors

10
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Sensitivity
T

02+

v 1-Specificity ” 1-Specificity
Male Female
AUC (95% CI) P value FDR AUC (95% CI) P value FDR
BMI 0.605 (0.577-0.634) 0.581 (0.551-0.612)
wC 0.646 (0.618-0.674) 0.046 0.091 0.657 (0.628-0.685) <0.001 0.001
WHR 0.660 (0.633-0.687) 0.007 0.044 0.690 (0.663-0.717) <0.001  <0.001
WHtR 0.651 (0.624-0.679) 0.025 0.075 0.673 (0.645-0.701) <0.001  <0.001

Ko et al. J Epidemiol 2012
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> =0 Outcomedt2] association2l & £
v P-valug, OR, HR 2= =2&=

>.|

> 2 29| Predictive accuracy &t &

>Biomarker =)t B2 S0 M2 O+

v’ Internal validation
 Cross-validation
« Bootstrap

v'External validation




New Biomarker2 Incremental Value

Modell :logit(y) =a + fix; +...+

n ??

Model2 :logit(y) =a+ pgx;+...+ p.x, + [,.X

» Model,0fl Hloll X.,, E FItots= M
classification accuracy= %DHJ ket Al D=t
» B ot A

> %j;”I—I g -

v AUC H|

v IDI (Integrated Discrimination Index)
v'"NRI (Net Reclassification improvement)
vHosmer-Lemeshow Chi-Square test

n+1



IDI (Integrated Discrimination Index)

Absolute IDI = (25— .2)+(15-.12)= 08

. 25—-.12
Relative IDI = -1=16
- 2—-.15
Mean ‘p’

50 — Mean °p’ increased by
decreased by 3% 5% for events
for non-events |

40 - .03/.15=20% 05/.2=25%

improvement improvement

30 25

20

Mean Predicted Probability in %

20 15
12
0 - |
Model1 Model2 Model1 Model2
Non-Events Events

Kennedy et al



NRI(Net Reclassification improvement)

» predicted probabilities= categorical scale 0
INIE=PU;

> =221 MEE 0 A2l Net Reclassification
= Al = HI}

NR — H #Events moving up } ( #Events moving down H . H #Non - events moving down J - ( #Non - events moving up H

#of Events #of Events # of Non - events #of Non - events



NRI O

» 31522 &2 Al low, moderate, highE 22
probabilityJ} 10% 0|2, 10~20% 0]2F, 20% 0| A2
= 82

Table1: Crosstab for Events (n=100) Table2: Crosstab for Non-events (n=200)
Model 2 Model 2
Low Mod High 20 Events moving up Low Mod High 15 Non-events moving
- 10 Events moving down - up
= Low | 10 8 2 = | Low 50 5 0 i
% 70 Events not moving % ;1150 Non-events moving
b1 b1 own
S| Mod |3 30 10 = | Mod 20 40 10 35 Non-events not
Net of 10/100 (10%) of moving
reclassified correctly
Net of 20/200 (10%) of
non-events getting

reclassified correctly
NRI = & — ﬂ 1 35 — 15 =2
100 100 200 200

>l o0 et EXNEZ2 Ntz =24 M0 0l 28

Kennedy et al



Biomarker H0|A12] bias

»Selection bias
v & Jlssgt specimen A BHO =5t 832
»Spectrum bias
v AYE NAXE ------- A5 X ------ =35 28X
> \Verification bias

v = WA XD reference standardE &S &

»Imperfect Reference Standard Bias
g2 AL

v’ reference standardJ} 256X



Biomarker H0|A12] bias

»Co-morbidity bias

v HlwW dA2 HE HAIE Soll 20 A= 2042 =AI)F FA &
H UK ES At 2= E&Aet Bl E8Ae] =N &2 & O
AKX LS

v OS2 s 2A0A AR DHE SERE0| 420 01F 0l A
Z0S 2= L

»Test interpretation, integrity, and context bias
v S& XHJ} true disease statusOll CHol masking &l Xl &S
v OlA

AP AEOA OS2 248 A20 et E240] &4 & XI6HAl
o



The END !!!



