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A (under the receiver operating characteristic(ROC) curve; AUC) W], net

reclassification improvement(NRI)®} integrated discrimination improvement(IDI)7}
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7]
5 AnYor 2NE & A EAARA T

= 1=
& YAE-A wpolonmty] 8] u ¥E=9 9 isotope-based dynamic profiling¥ Z& |

B2en ntolowtAs o g5 ek of W whol onlre] BEo| ta) Aunw 4
Femel WAeme o mAs AL BE @ Zow ASAN BT 5 g
eg welth JEe] de AR o] Az HolertAt dgHe % s
FoleAE stetas Ae QYoM BFH TG olmw 2 3] AFF W
2 Aejste] Mz utol et o Fe e Frbstelok k.

O

ddtx o2 ROC curve oF#fe] WH(area under the receiver operating
characteristic curve; AUC)2l H|uE F3F WHo] dubd o=z A185 % o (Delong,
and Clarke-Pearson, 1988) o] W¥ 2 AAZ 93k xpo]E A7|7} o]JHYE= A

o] AAIFE L o] FHZol= oS W W O F net reclassification improvement

off

(Pencina et al.,, 2008; NRI)¢} integrated discrimination improvement(Pencina et al.,

2008; IDD7} o] &% L Ut
A% NRI®) 44 <% &% % il
H A28 2o AFFE A 7o AR o] &3t F o7 (sign test)o] FH=
B
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AMPAARZ v o]y Az MELE volentA 9 o8-S Adstr] 9
3 dukr o=z Alg ¥ = AUCS® NRI, category—-free NRI(Pencina, D’A
Steyerbergd. 2011; c¢NRI), IDI ®Hel oisl] ZAvlshar, IDIS] W RS2 whie]zap
cNRIOl <=9l (rank) o] JHE7AA] g 24 NRI(mNRD ¥H S ARbsta o] b4
7HA sl FAAHRE Tl AoldS ARzt g

RAAEFES B A2 violentAY oy sHx] X sdA AUCS vl (A
AUC), NRI, cNRI, IDI, mNRI %] HAg =] tfsf Blastarz ke,

gostino, and
A

1.3 =&9 T4

= a7kt 2% A= AUC, NRI,

A3k Ade BT 3L B oA A
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2.1 AUC

AUCE ROC curve obale] 402 1o 7445 2 A8 Wolet & 4 9

. slEel G QAR ool mEFIM e vlo] Fa =

AUCS] HIE(AAUC)E Ba A2g wolortAs dad g42 F4d &
b g A4 599 gael el FA8 499 Delong 5

e MESH Eom waw BA & 5 vk

AR EY l =

Event X, X, Non-event Y, Y,
T11 T12 Y11 Y12
Loy To2 Ya1 Yoo
Ty Lo Ymi Ymo

# 19 AuaTxEE X(i=1,.,n) n¥] event Jtel i3t j NHA Aol
2 Y, (k=1,...,m)E m%e non-event Httel et j WAt Afelrt. X, 3}
X, = Ax AaEe] o, nrtAR Vi Yo AR GdEe] doa 7Hg gk
aEa XoF Ve AR ZEEe dA ¥ Ao 7hg 3t

o] wf, W-3EY(Mann-Whitney) 774 & A &l A AUCS BRFA FHFe
ohs 3 A

o171 4
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o] wl, Delong 5(1983)ell 9a AA® §,— 0,00 thet ZALH O FAE B
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1 1
var(@l— 92) = E(Sibl + 3%62 — 23}52)-1- E(sé’ll + 55’12 - 25[1)’12)

714
1 T ~ . —~ .
s1) = n—1 Z(Vlo(Xz)_ej)(Vljo()Q) 07),  J.j =12
i=1
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k=1
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Vi (v3) _Z[(ijv Vi) j=1.2
i=1
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2.2 NRI

Pencina 5(2008)2 ¥ 29 #o] event ¥ @ non-event o2 UFo] AEF

EE WEC AR volortAY S5 Wse Wue Aded

} Non- B}
Event Nz 23 NzE 29
event
9s F =g 9$S  o=g
s =t a b c 7= =y k 1
. ods d e f s i m n 0
-—° =S5 g h i e =& p q T
19 & AFEES VINeRE HTE NFE NE SIS e EFEE UEA
ZAolth, dwtxo g HMEFEE JgE 2/ T2 IS ol &3t} o]9f o] NRIE event
Ad3 non-event YHOZ o] 7[££ Yy AMEF B =T 5S o &4

H
HTEZ Fo] event HPoAE AZE EFPo] duf} event oFS ZIEHA
non-event JolxE= EE EFo] duf} non-event ol =S =X

Aot} NRIE &3 2ol Aogr),
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ol
o
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NRI=[P(uplD=1)— P(down|D=1)]— [P(up|D=0)— P(down|D=0)]

Yo Aol D=1 event ¥, D=0 non-event JHS Uetlth = upe
AMzE BEAA 7 BEIdryd o & A% AT &de AEES 9usta
down2 MEE R 7]E RYPRn ¢ *2 97 HF
Eias

ol of NRIZ FAst7] 918 thao dl /e &l g F4FS st v+
I 2

~ ~ #event moving up
p(up|D: 1) - pup.,event = #event



N ~ #event moving down
p(downu): 1) = pdown,event = #event

~ ~ #nonevents TTLO’UiTLg up
p(up|D = O) = pup.fz'mznt = #nonevent

~ ~ #nonevent moving down
p(dO’LUTL|D = O) = pdown,cvent =

#nonevent

NRI®| 22 th&3} 2.

~ ~ ~

NR] = (p'u,p,event - pd()wn,emnt ) + (pdoum,,mmc?;cnt - pupm,onevent )

:[(b—i—c-l-f)_(d+g+h)]+[(m+p+q)_(£+l+o N

Nevent Nevent Nponevent nonevent

M2 vpolemtA L o] o S9 o] o uiw NRIgk> 0xt 7147 2

A=
NRI¢] event &3 non-event A% Z}2+

Age theat gk

Z _ pupﬁevent - pdown,event
event NRI — = =
\/ pu,p,e’uent + Pdaown,event

n

event

p(loum.,nonevent pup,noncvcnt

Znoneventl\/}?l = = =
\/pdoum,noneuent + pup,nonevent
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NRI
ZA]U = =< = =
\/pup,event +pdown.event + pdown,nonevent +pup,noneuent

n n

event nonevent

of W, BAHOE fel% Az
Agrta ¥ 5 9k

Wl

Aokl Azg wtolevtAst AFH Gl 7]

2.3 category—free NRI (cNRI)

Pencina 5(2011) 2279 Wiy ZAuk o58&5S
AEFaE Aol oyt 08 7Fow ERYPHT AEe RF o= £
Woypl g, Ywrow downl® EF3E cNRI WHS Actsdt A= ZF Ao

2x2 uwAERE XTHE F Ak cNRI= U3 2ol Ao

o

eNRI= FE{sign(q(4,B)—p(A)ID=1}+ E{—sign(q(4,B)—p(4))|ID=0}

ol W, ¢(4,B)= ME& R dFgE, p(4)e 7EEFY dFdES e
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cNRIZ T3t 22 22%9 NRIE T3t A3 5datrt
event @I} non-event HH EHAES 7SI, o]gEE
P(g(4,B)>p(4))=0.5 == ‘¢NRI=2(0.5)—1=0"°gt= AF7H1ES AR 9
3t AAEAES Ik the ) 2k
z, c]@[

cNRI =~ = = =
pup,eve nt 1- p?l,[},e’l)fﬁﬂt ) pup.n(msmmt (1 - p’u,p‘none'zmnt)
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n

nonevent
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2.4 IDI

Pencina 5(2008)2 event IJ @3 non-event JHO 2 Y50 7]E9
+ 2P dFFgES ol&d HdE ALt event I o= M EE
} event 9=L I E=A], non-event A E MEE EFo] Awul} non-event
o &5S AP=AE Bt IDI WS Attt IDI 2= v o] oy
=3

IDI= E{(q(A,B)—p(A))ID=1}+ E{— (¢(A4,B)—p(A))ID=0}

3} g,

oo

IDIE 3= 42 o

]D]: (pneur‘event - pold,event ) + (pold,nonevent - pnew,noner@nt)

o] Aol A foldE 71Ee &zl AAERE o] Folx KPS oGl ‘new' = 7]
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N
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L
=
>
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29 AR Qe volomALt FA £HE R o
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d

(Sel’lSlthlty)q 60]:}2}% (ﬁ()ld,nun,evenf,_zsn,eu;,nonevent)l?—‘%% E“O]E(SDGCIﬁCIty)QA ég:)b]—%
opuEth, A2 wpelewmAYE o o 57 el 7]ojdtrty IDIge 02t A X

A =2 Aol
event ¥ non-event Fwte] o3& EHAHS 71ASY] ‘IDI=0°lgg = F

TS AAS] A% AAEAFE e 2o

g IDI
IDI — == =
\/(SEevent )2+ (SEnonevent )2

9le) Ao)A SE.,. = event JeolA AR E mEI 71E BYPo o=sHFo =

b

dolo] EOAE ou|sta, npRANE SE, = non-event ol A <]
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Al 3% ALEFAF

3.1 mNRI (3% NRI)

2247 234014 TE NRIE 7€ 2@3 Azg wgolde o3 8o 42
Bete] Qlojdl W i(sign), & BHAe] A% AR o] §3te] P Yol

w0l FeME BEAS 29(ank)d JuE TFHE A& -9 A4

S AlQtstaizr st
mNRI= event 93 non-event FEo = L}

| F =
zb Rlnirte] dEsES o] & HEEE FHAFE AAS event Jwt

A ol 4= Al
2§ B¥o] dnt} event =S #3F =X, non-event JHoHE AMES 2o o
mli}b non-event o= #AFE=x2 Huhel:= HAwolth mNRIE thed o] Holw

s

mNRI=med{(q(A,B)—p(A4))ID=1} +med{— (¢(4,B)—p(4)) D=0}
mNRIZ T3H= A& thes 2ok

mNRI= med(}snew,event - Z;old.,event ) + mEd(i)old,nonevent - pnew,nonevent)

Az vrol w7 7h o] of 52 4ol 7lof b mNRIFE2 0BT 7AAA 2
Aol

NRI9] event ¥} non-event H& Z+7te] o &2 A4S HA

Age gn 2o

b1 9

(o

a4 &

ol

z _ Wg;ent - E( VV;‘;/en,t)

W et
Var( w
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of FollA= MEE H}Oliﬂ}ﬂﬂ TEE AT, dURE, BALHEE, oF
AFRE 2a-AFEEZ 7HEAS uw A 233 37 A 270% AAUC, NRI,
cNRI, IDI, mNRI %3] 2 Xéeﬂoﬂ nAle GES dotry] 93 RoHFS T35t
et

41 BoAg AA

DE Aol FH, x& AE e A%, 2 AEE ol erkA, W 4
A gre WMER AW X, Z, W BF AZ Solx, X9 2 F 7Y 194

AFE S ARJONA Al ETaL g WA v dE X A= L =M (log «y)7h

A s A2 vhelevtr = 2 =1(log ay)s

o explag + a X+ ay Z + a; W*)
T 14 explag + oy XA+ an ZF+ a, W)

A7 aye AWel SHES T AAAL, X,

zx, wre 474 (X,-X),

2

(Z.—2), (W,— W)} o] Bt o= AE Y (centering) s #+< o v ke,
o] AelA dojxl pE A Abge] AW B FER o] gEgto]l Hito] 0590

T wE(U)E nEs b TS Foto] AT gy 2d A Arde] A



of W sz FHA AAeh A vholoniAY o ZHEL e RIS F4)
#4914
p(A4) =logit P(D,=1|X*)=p,+ 3 X;*
q(A,B) = logit P(D,=11X*,Z*) =y + X+, Z*
i= 1% 10007074 wrEate]l F oAk 4 10008 AT, AEEe 10009

o) wEe AdAST. NRIZ Al IS5 Al 32958 7%, A
shatel Astatam Awel $WEL 5%, 10%, 20%2 At 7 &
2% npolovtAe oe] A Bxeh Awe] te exne Asle] upel 7k Wy Se
AR o] @) Wepx=x A u k),



97 Qe 9= E 15 F4HA 2 Wre o2uE 22 AR A
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o] 5%, 10%, 20%°1A] A ZF wlo]ewtAL] B¥x7l AEEXY TS5 EX,

t5y
A WA, GEE} dEEEE HEE ArodAE 4" H AAUCE 0.00590
= 2 o

A 01029 & 7hA AL, e el He b v AAES B dsew

lo

=3 mNRM 79 0.0010 A 00984 e VR #AAEES AHE Ay DIV e

A <] %EQ} wAflel 7HE w2 AARES B vsor FAE Hd NRIE
0.01691 4 0.321, cNRI> 0.071¢14 0517, ®= IDIS] -9 0.002]
Atk mNRIE 0001914 00649 & 73 th2& WREd vs 718 =& A4
S Btk a2Yy fFHEe] FoldeE AR vo]onpAe] Exel #Agle] IDIS}
mNRI9] #4&8E& & o7t gidth ol dSFES 0ollA 1Akl EA3H7] Wi
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Density

Density

Density
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Aol 9 =u7b 15013 A2 E whol erk7 e RET} 4

=
w
A
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T o], J2E vlol A 9 =H|(OR 7)ol W

AAUC NRI cNRI IDI mNRI

o m=
eE ORZ Mean S.E Mean S.E Mean S.E Mean S.E Mean SE

0.05 1.1 0.007 0.011 0.021 0.045 0.084 0.088 0.002 0.002 0.001 0.002
1.2 0.013 0.015 0.043 0.057 0.126 0.096 0.003 0.003 0.003 0.003

1.3 0.022 0.019 0.071 0.067 0.175 0.102 0.005 0.004 0.005 0.004

15 0.042 0.024 0.135 0.081 0.267 0.101 0.012 0.007 0.011 0.007

2 0.090 0.029 0.285 0.084 0.443 0.097 0.034 0.013 0.030 0.012

0.1 1.1 0.005 0.008 0.017 0.034 0.074 0.072 0.002 0.002 0.002 0.002
1.2 0.011 0.011 0.037 0.045 0.114 0.080 0.004 0.004 0.004 0.004

1.3 0.019 0.014 0.061 0.055 0.162 0.083 0.007 0.005 0.007 0.005

1.5 0.038 0.019 0.126 0.067 0.250 0.082 0.015 0.008 0.015 0.008

2 0.085 0.024 0.278 0.072 0.420 0.079 0.042 0.013 0.041 0.013

0.2 1.1 0.004 0.006 0.014 0.027 0.064 0.064 0.002 0.002 0.002 0.002
1.2 0.010 0.009 0.034 0.037 0.110 0.070 0.004 0.004 0.004 0.004

1.3 0.018 0.012 0.061 0.046 0.156 0.071 0.008 0.005 0.008 0.006

15 0.036 0.016 0.122 0.058 0.240 0.071 0.018 0.008 0.019 0.009

2 0.081 0.020 0.271 0.066 0.403 0.070 0.051 0.014 0.052 0.016




A9l ozuzt L50lm A2 e wholertAL] R} FER
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4w, =& Hiolertr el @ =H|(OR 2) o w&

AAUC NRI cNRI IDI mNRI

o m=
eE ORZ Mean S.E Mean S.E Mean S.E Mean S.E Mean SE

0.05 1.1 0.009 0.015 0.028 0.058 0.106 0.097 0.002 0.002 0.002 0.003
1.2 0.016 0.020 0.055 0.072 0.156 0.111 0.003 0.003 0.004 0.005

1.3 0.026 0.024 0.089 0.090 0.215 0.122 0.005 0.005 0.007 0.006

15 0.049 0.029 0.169 0.103 0.330 0.119 0.011 0.007 0.015 0.009

2 0.102 0.033 0.343 0.101 0.541 0.112 0.032 0.012 0.041 0.016

0.1 1.1 0.006 0.009 0.021 0.042 0.093 0.080 0.002 0.002 0.003 0.003
1.2 0.013 0.013 0.045 0.055 0.148 0.092 0.004 0.004 0.006 0.006
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ABSTRACT

Nonparametric method to assess the predictive value of

the new biomarker

Joo, Woo Hyun
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

In clinical study, evaluating the predictive value of the new biomarkers is very
important. Comparison of the area under the receiver  operating
characteristic(ROC) curve(AUC), the net reclassification improvement(NRI), the
category—free NRI(cNRI) and the integrated discrimination improvement(IDI)
are popular measure of incremental usefulness of markers added to risk
prediction model. In this paper, we proposed a modified NRI(mNRI) which
added the information of ranks for predicted value.

Simulation was conducted to compare the statistical power for these statistics
by varying distribution of biomarker, prevalence of disease, size of the odds ratio
of new biomarker for target disease.

Results showed that AUC has the lowest power regardless of the distribution of
new biomarker. For normal distribution and uniform distribution, the IDI always
was the highest power. In the case of a heavy-tailed distribution such as logistic
distribution and double exponential distribution, the power of the mNRI was the

highest. However, the statistical power of the IDI and mNRI was not different as



prevalence of disease increase.
The results would be helpful to choose an appropriate method for evaluating the

predictive value of new biomarker.

key words : biomarker, statistical power, AUC, NRI, IDI



