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INTRODUCTION
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Clinical research ultimately aimed to promptly diagnose and prevent diseases through precise
biomarker development. Finding the optimal cut-off point of a regularly measured biomarker
can help its interpretation and ultimately help in disease investigation and diagnosis, more spe-
cifically in determining the presence of diseases. Therefore, this study aimed to use the charac-
teristics of outcome variables in clinical research to explain how to determine the optimal cut-
off point. The outcome variables can be divided into dichotomous, ordinal, and survival types.
The optimal cut-off point can be determined by finding points that maximize the Youden in-
dex, extended Youden index, and log-rank statistics. This study will enable clinical researchers
to accurately determine the optimal cut-off points for regularly measured biomarkers, thereby
enabling prompt disease diagnosis for effective treatment.
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Table 1. Contingency table of dichotomous disease outcome and
test result

Test
Disease Total
Positive (+)  Negative (-)

Positive (+) a b atb
Negative (-) c d c+d
Total atc b+d a+tb+c+d
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Fig. 1. False positive and false negative according to cut-off point. TN, true negative; FN, false negative; FP, false positive; TP, true posi-

tive.
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Fig. 2. ROC curve and optimal cut-off point. ROC, receiver oper-
ating characteristic; AUC, area under the curve.
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[R code]

>library(pROC)

>library(survival)

>data<-colon
>AUC<-roc(response=data$status,
predictor=data$nodes, levels=c(0,1),direction=
“2)

>coords(AUC, x="best”, best.method="youden”)
>plot.roc(AUC, print.auc=TRUE, print.
thres=TRUE, print.thres.pch=8,print.thres.col=
‘red’, legacy.axes =TRUE)
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Table 2. Various method of finding optimal cut-off point for dichotomous outcome

Method

Principle

Euclidean method
Likelihood ratios

Efficiency

Minimize /(1 — sensitivity)? + (1 — specificity)?
LR+: Maximize
LR—: Minimize
Maximize p * sensitivity + (1 — p)specificity,

sensitivity

1-specificity
1-sensitivity

specificity

p = prevalence rate

Misclassification costs term

__ Cost(FN)
" Cost(FP) »

Minimize r * p * (1 — sensitivity) + (1 — p) * (1 — specificity),
p = prevalence rate

Table 3. Contingency table of ordinal disease outcome and test result

Disease Total
Severe Moderate Mild
Severe a c a+tb+c
Moderate d f d+e+f
Mild g i g+th+i
Total atd+g b+e+h ct+f+i a+tb+---+h+i
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[R code]
>library(DiagTest3Grp)
>data(AL)

>group <- AL$group
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>factor] <- ~ALSFACTOR1 Sl & o Ak S 501 Table 43 Z2o] 132 A
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Table 4. Example of survival data

Trt Time Event Number of survivors Number of observers
1 6 1 4 5
1 9+ 0 4 4
1 12 1 3 4
1 24 1 2 3
1 30+ 0 2 2
2 18 1 4 5
2 30 1 3 4
2 39 1 2 3
2 43 1 1 2
2 45+ 0 1 1

Table 5. Observed frequency and expected frequency of two groups

- Number of observers Number of trt1’s deaths Number of trt2’s deaths

e Trt 1 Trt 2 Observed frequency Expected frequency Observed frequency Expected frequency
6 5 5 1 0.5 - 0.5

12 4 5 1 0.444 - 0.556

18 4 5 - 0.444 1 0.556

30 3 5 1 0.375 - 0.625

24 2 4 1 0.333 1 0.667

39 2 3 - 0.4 1 0.6

43 2 2 0.5 1 0.5

Total 4 2.997 4 4.003
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Fig. 3. Standardized log-rank statistic plot.
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[R code]

>library(maxstat)

>library(survival)

#maxstat

>data(DLBCL)

>mstat<-maxstat.test(Surv(time,cens)»MGE,data
=DLBCL,smethod="LogRank”,pmethod=
Gauss”, abseps=0.01)

‘exact-
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425
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}E 4g 5 ek

ES
2
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[R code]

>library(party)

>data=DLBCL[!is.na(DLBCL$cens),]

>out=ctree(Surv(time,cens)~MGE,data=data)

>out
Cut-off Point &g A| F2JAtst

22 9] cut-off point= 7FA 11 = 74 AA0]
7] fj&o] B BE $£5 M5t cut-off points
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Table 6. Method of finding optimal cut-off point according to
outcome variables

Outcome Method R package
Binary Maximize Youden index pROC
Ordinal ~ Maximize Extended Youden index = DiagTest3gr
Survival ~ Maximize Log-rank statistics maxstat

HEE 91519 cut-off pointE #& ) TS AZ5HA|
231 ROC F419] AUCE +& 3%, 1 gto] @A Axt
g £ 9od ARHoRE A cut-off points: e
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A F53 A=A 5 B7HE 519 cut-off point
‘g5l A-AA| gRlo] Fojof AAZ ARG 7Fs 7t cut-
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