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Comparison of diagnostic test accuracy modeling of meta-analysis for data integration

Abstract

The objective of this study is to introduce how to use all of these information without omission
when individual studies provide multiple effect sizes according to multiple cut-off values
(thresholds) during diagnostic test meta-analysis for data integration. For diagnostic test meta-
analysis, a general performance method of synthesizing data according to one cut value in one
study and a performance method of synthesizing data according to two or more cut values in
one study were compared and analyzed. In addition, this study focuses on the practical methods
of DTA rather than theoretical concepts for researchers whose fields of study were non-
statistics related. Through this, it is expected that general researchers will be able to use the
already developed statistical tools to write and interpret them appropriately for their research
fields. By performing this study, we hope that many researchers will use R software to

determine the DTA more easily, and that there will be greater interest in related research.
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TICHHA HEFEAMAl JHE CHEAF7F T2 7[EX| (cut-off value, threshold)Of [HE
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ne

HH& Ol O EfE M (pairwise meta-analysis)O| A= SHLEC| Zt3A 7| (effect size)E MtESHC gl
M ZIEHH AL HIEHE A (diagnostic test accuracy)OlM= SAI0] & 71X ®X|2 2at37|E S5t
=0 & 50 L= (sensitivity)2t £0| = (specificity)2] FHXIE SAIOf AAtstCh o] TIEHA
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olfgt EMEE sHBSI ARt T2 AFXS0| ZITHHAR HEF2MA]l of2f 74| Z|&EX|of E =
MAZ|E 5 AEsts WS LSRR} [10-17], Ol & E YA E(diseased group)dt HIZE
B & (non-diseased group)ZtZe| 2XEet+E &30 x|Ho| J|EX|et A QF=FX|el ol

4k, 0|k, d2|1 SROC M E st ™S AIWSHXL ST} [17].

MATERIALS AND METHODS

=

TITHEA oofFER|e 29

TICHHA HER2A 2 true positive(TP, TIYY), false positive(FP, ¢ ), false negative(FN, #S4),
true negative(TN, XS4 7|2XQl 2:2YEfC| HO|22FE RA4FFHK[(summary statistics)2t
RoFMsummary line)22 HOFAH ECh GEHQl QoFFAEM= UHE, S0|k,
L0l F = (PPV, positive predictive value), 12|11 Sd0|ZZ(NPV, negative predictive value) 0|
An olgfgt RAFFR|E et A7 2= SROCt tHEHO|CE

TICHEA HELE MM QFFRE ALot?| fisiMs et el HERZMar 7t 2 Hetot

J
13

2ol MEiZ|ojXMOoF ot BIZEZQ E0[EE SA|0 st ZEez CEFQ Z0
O|HZf(bivariate) 2¥t 12|10 A ZH(hierarchical) Z&O|Ct O|HZF BHEL AR Lf HE2

=Rt EO|EE AT st Ol 2 (binominal distribution)E 7Hdstd | 7F HE2
O|HZF MFEXE(bivariate normal distribution)E 7}Hdl= EHHH AZSH e AR L) s

OgZZE 7p8stn A+ ZF B2 OlgEZol =50 sl 2ZX2E 3RS HESHO

o

ZXAE 2o ZotE RS0 ois] ASH ==& JPdettts Aol BHE Fogtn ¥ =+
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QICt [1,4]. J3Lt & 28 ZE UHt HEFHERAMOA S HZEHZ IHrandom effect) 2H Dt QAMSHH

SHZTO| g2 I 2oz F 2Y2 YT U2 MISTHCH [18,19].
2 =20M= R 2AZEQ0{2Q] “meta”,"mada’, “diagmeta"Ii7|X| & SsHA =2 =HL 0|7

M=ol 23 mW7|X|E 0|2 EX|etot.

-install.packages("meta")

-install.packages("mada")

-install.packages("diagmeta"”)

2. Hojg 2 8 =7

TICHAA OEFEM N AR (Table 1)ZEA MEIMQ ZIGHHAL AR 1374 (®A 7|&EX =T

34700 BMAI)E £TSYUSM, biomarker= Zb ZHAE  TICHX]|

H

O|Z2 cutoffe 7|=X|E
LIEFHCE Youden2 TIZE+E0|Z-12 AAEoiNon, S AR Z|EX|7F 27) o4
B2 Yt 7HE =2 A2 12 AYSFCH

meta?l mada 5 AtE0h T Ol O EMO|ME= SHLEel A LHO|A Youden index”Zt

g =2 otuel 7IEXE MY &

1z

St 2M, diagmeta & O|&¢ O|HIZH0AM=

RESULTS

1. THHZF B M (univariate analysis)
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"meta” I{7|X| & metaprop = HIEE A=20M AtHdF(event)t EE2(n)0| A2 M I

qt37|S Aot
L= MM ArdEE= TPOID EE= TP + FNOICL HIEH A20A 2337|184

r
ot
rir
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Al S 2AHE 7 2YSHE AMER-EE ALESIRALE (Logit transformationdt Clopper-

Pearson). SAZY2| 710 & Azol Y gn 22X E HAME W HEY Ams HE

n>
ot
fd

} oo

i el

AL=SO{LHO| ECt HIEASIEE  Inverse

rtot
rir
S\l
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HL
>
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5e)
N
=
mjn

rir

(21 2AHEHS}

variance method= HEfZM2| 7|2HQl HYHOZM JHE AFS 7HESXE AT I sig A

To| HEAS 2830, DerSimonian-Lair estimator@ 2 Random effect modelOf| Al ¢177+ Bi2FQ

OIZtE= = common effect modelO|A 0.844 12|11 random effect model®| Al 0.8625 LIEfLHQ T,

E0|E= common effect model®A 0.535 12|12 random effect modeld|A] 04842 A random

effect modelOi| A E0[=7F HA ALt=|of Mt FA ZHO| O|2d 127t DA ZOM 79.5%, =0|

ZOM 96.7%=ZA random effect model2 &35t AO0| EFESICE (Figure 1).

2. A8 stLte| 7|EX|E 0|83 Oo|HF EM (bivariate analysis using one cutoff within a

study)
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“mada” I§7|X| SO0 O|HZF DEO| MMESt reitsma E4E AFESICE reitsma &40 7Y AR

2 Youden index?t 7t &2 StLtel 7IEX|OIM F=Eo 13712 HO|EE E1, HO|E H0| ‘o

2 42 ALEs UXE YA A Aol 2E Ao 058 EHL (correction.control = "all")
E= YA IIR)e] MET B (correction.control = "single")& & ULk FMOIA ‘correction

=05 M3 o] X2 =HY £k UOM, 0.57} defaultO|Ct. reitsma B+E A2t ZE

mjo

fit

OS2 AN X|Fgtct.

summary(fit)2 SoiA ZIES 4HEDH LT 0.863, 0| 0483(=1- 0.517 false positive rate)

i
for
©
gt

>
)

n

rH

>
o

A =7F H20| AUCZIO0| 07942 EAISID Qo o223 HSROC 2

of siEdst= s EAIRIL TS| HHEECE (Figure 2).

SROC HM2 reitsma Z+E O|8ofA thEdt 24H S O[&Ch Q=S YO =AUz 12

0 ZEED22/4 MY XS plot T42 12 SROC ZH0| YAIKE 7|0 points B2 7

g oIpe #vte mAIECH

plot2 Jd2iZE O2|= a=0|Ct dHE B fitE @1 sroclwd=2£ srocHMO| FIHE LIEFLY

|:|0

O, xlim2t ylim& =M xy=2o| THelE =L M= X2 00 M X[ 17HX[E EAISE A

OICt. points= 7HE GFRE HOELE fpr)dt sens()= HE SS9l false positive rate2t

sensitivityS HA|St= AO|H pch=22 2= LtEFHLE JHE 2Z¥F2 HIZ(0), S22H0(1), M2

2), &AL7H3), Z7HRIE @), BHER(5),
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HEshs HAIRA Ze 2ols 9ot U= 20 Et[RACts M E SE29
2WOorS Y DHSICh Ol o FIFHQI X YA biopsy)Lt ElatX HAE SAM S0|=E 2@

2 = A7NME0| ST ZA UASK ZE YO BiE O ROl HOotf= Hejol (WHE), &

SR OFHE 9| SFs HY (BOlk) ELp H 2 5 7| WE0[Cf

3. G o2l 7|EXE o|8% oM EAM (bivariate analysis using multiple cutoffs

within a study)

3.1 %FFA =

"diagmeta” I{7|X|2| diagmeta BTE ARETICE UM HA[BH “mada” I{7|X|Q O|HZ ZE2

Youden index?t 7t& &2 QT StLtel 7|EX| 13742 HIO|HE &1 A3 HHH, diagmetalf|

Me RE ZIEX|0f siSst= HOIH 3470 AtEettt. AFEZ 7[EX|Q| 757t HIEA| 25
2o+ Qo

2 A9 oMXIE (Table 1)° B+=HE colnames &+E O| &AM diagmeta®lA| ALESI= T

doIxtet Yt Ol 2 BHPSIRILE ("author”,"study_id", "cutpoint”,"tpos”,"fpos","fneg","tneg").
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gutdoz m7|X| el gS0| EE U HolH e Hags ddd = AA EF5tD AU

oLp OZX| §2 sk ZtEY Q7| W20 AAHLE F0[7] fIBHA defalut2 AMEE[=

aril

= By2 HEE HYIE (diseased group)dt HIEHIE (non-diseased group)2| H5H

biomarkers 2SI, 7HE AFSOIM &elel 7[EX| =of mar Z Z[EX[of siFst=

r

TP FP FN, 2|2 TNO| FOo{ &

N
N
lo
ra
oy
H1
o
Am
o
H1
i

AN 4 Yt

" o
L= A 5| 2 B2

Jm

CHAALAl 2 (negative test result)Ofl SiYst= S0|=Qf 1-TIZ =0 S0 72 &[0 /L.

ul

h(Sp(x)) = £ h(1—Se(x)) = =4 1)

h, normal model or logistic model; Sp, specificity; Se, sensitivity; x, threshold; p0 and 0, mean and variance for non-

diseased; ul and o1, mean and variance for diseased

N HOEREH YREE £E 2XAS BES 01830 oY 2E B TS *4 1)

0|2 CIA| MEZTIEH (linear mixed effects model)2 HEHSL0] K SHA|ZICEH (5=4] 2 & 3). YEIH

o2 MY=oEY2 N™8I (fixed effects; a0, al, B0 A2|10 B} HHEZ 1} (random effects;

a0, al, b0 2|1 b1)E Z&ot=H|, 2+ ZHa 7[27(0] siFdt= Olzjet AX=2 7HEXE Of

A 28st=7tof mets FMAQ 2ol f=7F B T,

h (Tnb;?) = a0 + a0s + (B0 + b0s)xsi + esi %A (2)
h (Fnlﬁl) =al +als+ (Bl + bls)xsi + fsi A4l (3)

TN, true negative; FN, false negative; s, study; i, threshold of the study; a0 and al, f0O and 1, fixed intercepts and fixed

slopes for non-diseased and diseased; a0 and al, b0 and b1, random intercepts and random slopes for non-diseased and
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diseased; e, residual error for non-diseased; f, residual error for diseased

diagmeta 22| model2 M= EY HLLAIO| EH(intercept)tt 7|2 7|(slope) 7HE QIAtE2

7|_%x|% A|_E_|H-6|_E Z\ IIDIDS" "CIDS" IIDICS" "CICS" IIDS" IICSII IlDIlI IICIH OE 87H | T‘f_i—l];él;!.
= &0 FO{ZICt (Figure 4). Of of 7ig ¢+=2 EH2 U=EH AWM 7|27l=

Y o=z IJpFotCtH DICS (Different random intercepts and common random slope,

bOs=bls=bs)= =7FtCt [17, 20, 21]. WEtA A AFAE2 SAZY FEHO| ol HF

b S O|

[= B I

FCH

—

H|@ 85 A

OpA
mo

fot

#O| A= OISHECHE o7l RY¥S SoiM M= &

mjo
0>
rE

St AS dashtt.
log.cutoffe 2 7|EXE 2ABSOZ ALY AQAX| ITA| @FoB AXz Iz A8g A

7tE 23dsks Ao, getqez HojHe| Ji=rt BAl @7 HEo 2afgs SihM =5

—

summary(diag)2 SoiA ZillSS 2HET JiE AFE J[=XQ et HEN 7[EXC HE
£ dMBHA =le & UACEH ZaE StEho| 28 FA At 1371, AEE ZIEAX| 3478 EE

SiA EoiFH EE2 DICSE ARBRUCE ZHQ| J7|EX|= 33.6660|%2M, TIZE 0718 £0|=

0.669, 2|11 AUCZt 0.7495 LIEFLHRLCE (Figure 4).

oFFXet HE0 Ol +Hi7t= ngel 23 J8SS HEILACH (Figure 5). Survival

curvest= 2l diagmeta =2 [17]0M negative test result2 HEA|SD UYU=0| T{F|X| T

o] &2 E|1

oln

ME O|F= positive test result2 HAE A= EQICH =, 7|FX|0 HE CIZE
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Table 1. Data sample for diagnostic test accuracy.

name study cutoff TP FP FN TN Biomarker Youden Y.c
Babajide2021_PHI 1 26 51 95 1 11 PHI 0.08 0
Babajide2021_PHI 1 32 48 86 4 20 PHI 0.11 0
Babajide2021_PHI 1 35 47 78 5 28 PHI 0.17 1
Benchikh2010_4K 2 20 175 333 12 480 4K 0.53 1
Braun2016_4K 3 4 206 707 3 84 4K 0.09 0
Braun2016_4K 3 6 200 634 8 158 4K 0.16 0
Braun2016_4K 3 8 195 569 13 223 4K 0.22 0
Braun2016_4K 3 10 192 498 16 294 4K 0.29 0
Braun2016_4K 3 12 184 434 24 358 4K 0.34 1
Bryant2015_4K 4 4 127 607 6 260 4K 0.25 0
Bryant2015_4K 4 6 119 453 14 414 4K 0.37 0
Bryant2015_4K 4 8 110 332 23 535 4K 0.44 0
Bryant2015_4K 4 10 103 258 30 609 4K 0.48 1
de la Calleo2015_PHI 5 24 112 191 10 82 PHI 0.22 1
Guazzoni2011_PHI 6 309 237 58 24 31 PHI 0.26 1
Hansen2013_PCA3 7 35 94 186 43 369 PCA3 0.35 0
Hansen2013_PCA3 7 24 115 258 22 297 PCA3 0.37 1
Leyten2014_PCA3 8 35 79 153 36 175 PCA3 0.22 0
Leyten2014_PCA3 8 25 95 182 20 146 PCA3 0.27 1
Loeb2015_PHI 9 31 136 301 24 178 PHI 0.22 1
Loeb2015_PHI 9 286 144 335 16 144 PHI 0.20 0
Loeb2015_PHI 9 241 152 401 8 78 PHI 0.11 0
Nordstrom2015_PHI 10 26 254 661 12 73 PHI 0.05 0
Nordstrom2015_PHI 10 39 240 464 26 270 PHI 0.27 0
Nordstrom2015_PHI 10 47 200 350 65 385 PHI 0.28 1
Parekh2015_4K 11 6 218 487 13 294 4K 0.32 0
Parekh2015_4K 11 9 207 371 24 410 4K 0.42 1
Parekh2016_4K 12 12 199 300 32 491 4K 0.48 0
Parekh2016_4K 12 15 183 238 48 543 4K 0.49 1
Punnen2017_4K 13 6 131 171 2 62 4K 0.25 0
Punnen2017_4K 13 7.5 127 159 4 76 4K 0.29 0
Punnen2017_4K 13 9 126 149 5 86 4K 0.33 0
Punnen2017_4K 13 12 120 132 11 103 4K 0.35 0
Punnen2017_4K 13 15 114 118 17 117 4K 0.37 1

Y.c, Youden index choice within a study.



Table 2. Summary statistics comparison by diagnostic test accuracy methods

One cutoff Multiple cutoffs
within a study within a study
DTA Uanr:;/f r;?;e Bivariate analysis Bivariate analysis
methods y
Common model Random model « . 1 .
S » S » mada diagmeta
using “meta using “meta
Sensitivity 0.844 0.862 0.863 0.718
Specificity 0.535 0.484 0.483 0.669

one cutoff within a study according to the high Youden index
310

311
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Figure legends

Figure 1. Univariate analysis using meta package.

Figure 2. Bivariate analysis using one cutoff within a study (mada package).

Figure 3. Summary receiver operating characteristic (SROC) curve (bivariate analysis using one cutoff within a

study) for diagnostic test accuracy. CI, confidence interval; AUC, area under the curve.

Figure 4. Bivariate analysis using multiple cutoffs within a study (diagmeta package).

Figure 5. Summary receiver operating characteristic (SROC) curve (bivariate analysis using multiple cutoffs

within a study) for diagnostic test accuracy.



#Data open

data <-read.csv("DTA.sample.csv")

#0ne data obtained from one cutoff by Youden index high value within a study
data.oc <- data[datalY.c==1,]

#A11 data obtained from multiple cutoffs within a study

data.mc <- data

## 1. Univariate analysis using meta

Tibrary(meta)

#Sensitivity

sensitivity <- metaprop(TP, TP+FN,comb.fixed=T,comb.random= TRUE,sm="PLOGIT",
method = "Inverse”, method.ci="CP",studlab=name, byvar=Biomarker, data=data.oc)

print(sensitivity, digits=3)

#Specificity
specificity <- metaprop(TN, TN+FP,comb.fixed=T,comb.random= TRUE,sm="PLOGIT",
method = "Inverse”, method.ci="CP",studlab=name, byvar=Biomarker, data=data.oc)

print(specificity, digits=3)

> print(sensitivity, digits=3)
Number of studies combined: k = 13
Number of observations: o = 2233
Number of events: e = 1908

proportion 95%-CI
Common effect model 0.844 [0.828; 0.859]
Random effects model 0.862 [0.827; 0.890]

> print(specificity, digits=3)
Number of studies combined: k = 13
Number of observations: o = 6834
Number of events: e = 3664

proportion 95%-CI
Common effect model 0.535 [0.523; 0.547]
Random effects model 0.484 [0.407; 0.561]



## 2. Bivariate analysis using mada

#detach(package:meta)
Tibrary(mada)

#reitsma model
fit <- reitsma(data.oc, correction.control = "single")
summary(fit)

#5ROC plot
plot(fit, sroclwd = 2, x1im = ¢(0,1), ylim = ¢(0,1),

main = "SROC curve (bivariate model) for Diagnostic Test Accuracy”)
points(fpr(data.oc), sens(data.oc), pch = 2)

> summary(fit)
Call: reitsma.default(data = data.oc, correction.control = "single")

Bivariate diagnostic random-effects meta-analysis
Estimation method: REML

Fixed-effects coefficients

Estimate Std. Error z Pr(>|z|) 95%ci.1b 95%ci.ub
tsens. (Intercept) 1.824 0.136 13.533 0.000 1.577 2. 111 **=
tfpr. (Intercept) 0.066 0.159 0.419 0.675 -0. 245 0.377
sensitivity 0.863 - - - 0.829 0.892
false pos. rate 0.517 - - - 0.439 0.593
Signif. codes: 0 ***+! QO ***' 0.01 *** 0.05 *.? 0.1 * * 1

Variance components: between-studies Std. Dev and correlation matrix
Std. Dev tsens tfpr

tsens 0.427 1.000 .

tfpr 0.560 0.621 1.000

logLik AIC BIC
27.968 -45.936 -39.645

AUC: 0.794
Partial AUC (restricted to observed FPRs and normalized): 0.848

HSROC parameters
Theta Lambda beta sigma2theta sigma2alpha
1.084 2.052 0.270 0.194 0.181



SROC curve (bivariate model) for Diagnostic Test Accuracy
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## 3.4. diagmeta package

#install.packages("diagmeta")
Tibrary(diagmeta)
data <-read.csv("DTA.sample.csv")

colnames (data) <- c("author","study_id", "cutpoint","tpos"”,"fpos","fneg","tneg™)
diag «<- diagmeta(tpos, fpos, tneg, fneg, cutpoint,

studlab = paste(author),
data = data,model = "DICS",
Tog. cutoff = TRUE)
summary(diag)
plot(diag)

> summary(diag)
=== | ist and distribution of cutoffs ===

Cutoffs with frequencies:
4 6 7.5 8 9 10 12 15 20
2 = 1 2 2 2 3 2 i 3
32 35 39 47
1 3 1 1

Number of cutoffs per study:

Babajide2021_PHI Benchikh2010_4K

de la Ca11e02015_PH; GuazzonilOll_PHi
Laeb?OlS_PH; NardstrnmlﬂlS_PH;
Punnen2017h4§ ;

Quantiles of the number of cutoffs in a study:
0% 25% 50% 75% 100%
1 2 2 3 5
studies by number of cutoffs:

=== Detaills on regression results

Linear mixed model fit by REML ['ImerMod']

24 24.1 25
2 1 1

Braun2016_4K

5
Hansen2013_PCA3
2

Parekh2015_4K

2

26 28.6 30.9 31
2 1 1 1

Bryant2015_4K

4
Leyten2014_PCA3
2

Parekh2016_4K

2

Formula: gdiag(NN, distr) ~ Group * Cutoff + (Cutoff + Group | Study)

Weights: w
REML criterion at convergence: 48.1448
Random effects:

Groups Name Std.Dev. Corr
Study (Intercept) 4.76363
Cutoff 1.08932 -0.98
Group 0.45076 -0.52 0.44
Residual 0.07768

Mumber of obs: 68, groups: Study, 13
Fixed Effects:

(Intercept) Group Cutoff Group:Cutoff

-7.3423 -2.4008 2.2879
=== pesylts of multiple cutoffs model ===
Total number of studies: 13
Total number of cutoffs: 34
Number of different cutoffs: 20
Model: DICS
Type of distribution: legistic
Cutoffs log transformed: TRUE
The optimal cutoff wvalue: 33.666
Sensitivity and specificity at optimal cutoff:

Sens: 0.7183 [0.5611; 0.8357]
Spec: 0.6689 [0.4935; 0.80?2]

Area under the curve (AUC):

0.2165

0.7494 [0.6432; 0.8293] - confidence region for sensitivity given specificity
0.7494 [0.6413; 0.8443] - confidence region for specificity given sensitivity
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