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1. Pe3yanaTb| ANAalrHOCTUYECKUX N CKPUHWNHTOBbIX
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TecT c KaueCTBEHHbIM pe3y/ibTaTOM
(nopsinkoBas LWKana)

OueHKa peHTreHorpammel:
1.0npepeneHHoe OTCYTCTBUE paKa
Nerkoro.
2.BepoaTHoe oTCcyTCTBME paka
Nerkoro.
3.PaBHOBepOATHOE HaNNU4UmMe nnu
OTCYTCTBME paKa Nerkoro.
4.BepodaTHO, paK nerkoro.
5.be3ycnoBHO, paK nerkoro.

- L 23741

PucyHok: https://radiopaedia.org/cases/lung-cancer-6
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XapakKTepuUctmyeckasd KpmBad
ROC-curve (Receiver Operating
Characteristic curve)
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BnHapHaga KnaccudpmKauums

~ ™ —
BuHapHbIi KnaccudumkaTop — [Tonynaumng
TaKOoe pelwakowee npaBnio, NP4
KOTOPOE Mo3BOJiIdEeT OTHECTU
HabnwoeHne (MauneHToB) K P P
OOHOMY N3 OBYX KJ1aCCOB C
HEKOTOPOIA TOUHOCTBIO. 3poposbie  [launeHThl
\ / N N
NcTouHuk: KoBanes AA, Ky3sHeuoB bK, AnueHko AA, rHaTeHko BA. OueHka
KauyecTBa bMHApPHOro KnaccugukaTopa B Hay4HbIX nccnepoBaHusax. MNpobnemsl @

300poBbs n Ikonormnn. 2020;4:105-113.
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TecT c KaueCTBEeHHbIM

pe3ysibTaToM

ROC-curve

TecT c KayeCTBEeHHbIM pPe3y/ibTaToOM
(mnopagkoBas WKana)
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TecT c KOonnmyectBeHHbIM

pe3yNbTaTOM

ROC Curve

Sensitivity
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YpaBHeHUe 6MHapHOM NOr’MCTUYECKOU perpeccmm NNEROUS ity St

P=""= Z=a+ Db, X; +0b,X,+ ... +D0 X

roe:

P — BEPOATHOCTb HACTynfeHna unn Hannina ncxona (B oonax eguHuubl),
Z — NoKasarernb CTeNeHU B NNOrMCTUYEeCKON PpyHKLNN,

X — He3aBUCUMble NepeMeHHble (dhakTopbl),

D,...b, — KOAPPULMEHTLI NOTUCTUYECKON perpeccum,

a — OLleHKa KOHCTaHTbI (nepece4veHune),

e — MmaremMmaTndeckasi KoHCcTaHTa (NpubnmxeHHo paBHas 2,72).

E: [ Kasarckui [ocynapcTBeHmHbIit
' Mepnyiacknii YauBepcuTer
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[TocTpoeHne ROC-Kpusowu

B CTaTUCTUYECKOMU nporpamMmme

= Vanables Data Analyses Edit
o O O O O
9 2% /’/{/ (= don Rﬂ_ ,_J.l_ O (M -
Exploration T-Tests (P=tn] wes Factor Survival jpower MAIOR PEDA smowCluster
Binomial Logistic Regression C—))
S Prediction
{? Homep nauweHTa Q Drrziieilarails Predictive Measures

& Tecr1

& Tecr2
.{‘;’ Tect_1
{i’ Tecr_ 2
&% 2abonesanune_1

«~ | & JabonseaHmne

Covariates

=3 {i’ TecT 3

> | Model Builder

¥ | Reference Levels

¥ | Assumption Checks
> | Model Fit

> | Model Coefficients

w | Prediction
Cut-Off
D Cut-off plot

Cut-off value

¥ | Estimated Marginal Means

Factors
>
Predictive Measures ROC
I:' Classification table
Accuracy |:| AUC
Specificity

Sensitivity

ROC curve

Accuracy  Specificity  Sensitivity

0.860 0.800 0.920

Note. The cut-off value is set to 0.5

ROC Curve

1.00 4

0.75 1

0.50 1

Sensitivity

0.25 4

0.00 1
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Vanables Data Analyses Edit
a a ‘K O O (m
3 3%y = B 4w W M 0% 0% 0%
= ’ Lo Frequencies Factor Survival MAIDR PEDA smowCluster
TestROC ) @ Results Table
Dependent Variable sele Teer 2
>
6 Howmep nauyexTa Q > é; Tecr 2 Cutpoint  Sensitivity (%)  Specificity (%) PPV (35) MNPV (35)  Youden's index AUC Metric Score
& Tect1
4.8 98% 6% 80.33% O7.44% 0.740 0.895 1.74
6’ Tecr 2 _ . ) , . _
5 98% 78% 81.67% 97.5% 0.760 0.895 1.76
& Tea_1 5.9 92% 86% 86.79% 91.49% 0.780 0.895 1.78
é’ Tect 2 6 90% 88% 88.24% 89.8% 0.780 0.895 1.78
&b 3380nesanve.| Class Variable
- ‘ & 3aboneaHue ‘ B
Group Vanable
N ‘ ‘ ROC Curves
D All observed scores ROC Curve: Combined
Positive class |:| 100 A
v | Visualization
Plots Tables
o o 75 4
ROC Curves D Sensitivity-specificity tables
Combine plots
. e
LOESS smoothin =
[ ¢ = - var
= 4
D Standard error bars = Tect 3
99}
% | Advanced
25 4
0 <
00 75 -50 -25 0
1 - Specificity
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OnpepeneHue nopora pasgeneHuna (cutoff, cutpoint)
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Results Table

Scale: Tect 3

Cutpoint  Sensitivity (%)  Specificity (%) PPV (%) NPV (%)  Youden's index AUC Metric Score

4.8 98% 76% 80.33% 97.44% 0.740 0.895 1.74
__ 5 98% 8% > 81.67% 97.5% 0.760 0.895 1.76

5.9 92% 86% 86.79% 91.49% 0.780 0.895 1.78

6 90% 88% 88.24% 89.8% 0.780 0.895 1.78

[ Kasanckwit [ocynapcrBeHHEBII
Menyunackmii YHuBepcuTeT
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STATTECH

Y HomMmep naumeHTa =

HMaeHTUduKaTop

10
11
12
13
14

15

+ [JobaBnTb CTPOKY

(® 3apatk BONpOC

AnarHoctuyeckume TecTthbl #

C

° Fez rpyrine

Y 3abonegadHue X

KarteropuansHas

1 (Hanwure 320002B3H...
1 (Hanwure 23001283H. ..
1 (HanuuKe 33600eB3H.
1 (Hanuure 226002B3H...
1 (HanwuWe 23001283H. ..
1 (HanWuKe 236018B3H..
1 (Hanuure 2320002B3H...
1 (HannuMe 22001283H...
1 (HanWuKe 236018B3H..
1 (HanuyKe 33600eB3H. .
1 (HanuuMe 22001283H...
1 (Hanwure 23001283H. ..
1 (HanuyKe 33600eB3H. .
1 (Hanwure 320002B3H...

1 (Hanwure 23001283H. ..

2 otnpaeuts nucsMo

C C6pocuTe Bce 3aBUCMMOCTH

Y PesynbTat TecTa

KarteropuansHasn

1 (MonoxuTenEHLIA pes_.
1 (MonoxuTensHsli pes...
1 {(MonosuTensHEIR pe3._.
1 (MonoxuTenEHLIA pes_.
0 {OTprUaTENEHEBIR pez...
1 (NMonoxuTeneHelR pes...
1 (MonoxuTenEHLIA pea_.
1 (MonoxuTenEHEIR pea_.
1 (NMonoxuTeneHelR pes...
0 {OTpruaTensHeIR pes...
1 (MonoxuTenEHEIR pea_.
1 (MonoxuTensHsli pes...
1 {(MonosuTenEHEIR pe3...
1 (MonoxuTenEHLIA pes_.

1 (MonoxuTensHsli pes...
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A, CoxpaHuTe bazy B daiin Bcero g Basze: 3 ctonbuos 1 100 cTpok

f03 HacTpoiikv aHanmza  (B) OBHOBUTS (X) 3akpeiTe aHanu3
- v AHann3 BeiNOAHEH yCNeLwHo D o Cravars rpadun || [W] Crauars Word
Tlpu oueHEKE 33BHCHMOCTH BEpPOSTHOCTH HATHYHS 33000€BaHHA X OT 3HAUCHHA A

moructiaeckol dyvaemms P c novomso ROC-anatnsa ObU1a moayueHa cAeqyOmas KPHEAT.

q}FBCTBHTEJ]bHOCT]:
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1 - CneuuduyHocTsb

Pucyrmor 2 — ROC-kpuEad, xapakTepHIVIOMAT 3aBHCHMOCTE BEEPOATHOCTH ITOKA3ATENA
"Jadonepanne X 0T sHAYCHHT IOTHCTHYECKOH dyEkmaa P




[MocTpoeHune ROC-kKpuBou B StatTech
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o '—' LIEHTP
STATTECH (® 3agatk BONpOC 2 ornpasuts nucemMo [ir]'j WHCTpykLpan ~ @ HaCTPO#KM aHana: @ — @ N——
Baza UCXMN_Aemo # e | ;
v AHANU3 BEINONHEH YCNeLWHo | o2 Cxauats rpaduian | | @ Cravare Word |
:l C LOpPOCKTE BCE 3aBVCHMMOCTIA E— OnucateneHan cTaTUCTHEA HIJH OIIEHKE 2AEHCHMOCTH EEPOATHOCTH HATHYHS HCXH OT SHAYSHHT .
aorucTHdeckol dyvErmmm P oo nomomery ROC-amammza OBITA mOmTyEeHA CIeIVEOINAL
[ ] i KpHEAT.
—_— Tl
¥ LICXM CTPOVKW KONOHKM "LLCXM" X |apari
HeT-0. 1,00-
KaTeropuaneHas KaTeropmaneHas OCHOBHLIE rpynnel 3aBUCUMOCTH Moaenu fenem
1 {Hanmmuwme LX) 0 (HexypAawwe) 0.75
2 e A kA S 1BRE MM H S ! ]
. 1 (Hanmume LIOXT) 0 (Hexypsite) 3aBlcUMan nepeMeHHan E
3 1 {(Hammuwe LICXM) 0 (HekypaALme) %
=
4 1 (Hanuume LICKM) 0 (Hekypawme) ?E" 0,50 -
=]
5 1 (Hanuuwe LCXM) 0 (Hekypawme) OtEon NpeiuKToOpOoB IE
-
1 (Hanwume LICXM) 0 (Hekypawwme) =
Mowarosoe WCKNYeHre MpUHYAUTENBHOE BKNKOYEHWE 0.25-
7 1 {Hanm4e LCKN) 0 (Hekypawpme) et
B 1 {Hanmmuwe LX) 0 (HexypAawe) ~ .
KpuTepwii oTbopa
1 {Hammuwe LICX) 0 (HexypAaupe)
— 0,00 -
0 1 (Hanuume LOXT) 0 (Hekypswpe) @ P-value Mexblue | 0.050000 0,00 0,25 0,50 0,75 1,00
1 (Hanuume LICKTT) 0 (HexypAwme) MUHWMMANEHBLIA KpUTEPKMA Akalnke 1 - Cneyudmunocts
12 1 {(Hanmmume LUCXN) 0 (Hekypawme)
s P e - -
13 1 (Hannume LICXM) 0 (Hekypswwe) HezaBncMMbIE KOMOHKW Prcynox 2 RGC,,E%;‘;%"; iﬁgjjﬁ?ﬁ;ﬁ :i’:gg;;z“‘m;ﬂ“m flokasareIt
14 1 (Hanmmuwme LCXIT) 0 (HexypAawwe) BGJDJCT nert
i w
- N _ e
KypeHue > Tadamma 2 — [loporoesie sHaueHEHA TOTHCTHYeCKOH dvErmHE P
Anneprug
+ NobaeWTe CTROK 0 0 [ [
A pokKy MpUeM cTEPOMAOE B TeHeHUe NOCNeAHEro MecaLa [Topor | UyectemTensHOCTE (Se), %o | Cnemmdmarocts (S5p), %o | PPV | NPV
ApTepuansHoe pjasnedue (HeT-0/aa-1) 0.701 555 96.4 203 | 66.0
CaxapHeli gnaber - i s : i
]
Hanuuwe cTpecca < 0,503 59,1 82,7 774 | 66,9 >
——————
. ITzomaae nog ROC-kpueoi cocrasmma 0,768 = 0,032 ¢ 95% JH: 0,705 — 0.830. IToayuennan
OTMeHa Ok —
MOIels OBLTA CTATHCTHYECKH 3Ha=mmod (p < 0,001).
Iloporosoe sHaueHHe TorHCTHYIeCKOH dvEEmmEH P B Toure cut-off, xoToponmy cooTBETCTEOBAIO
— Kasaricxarit TocyapeTser it HAHERICIIee 3HaIcHHe HHOekca HDmema, coctaemmo (0,701, Hamsme [[CXII mpormosmEpoanock mpH
o[ o
—Q—. ﬂu I—g MeuyHCK it YHIBEpCHTET 3HAYCHHH TOTHCTHYIecKOH dvHEmmE P Brine nanHoil BeIHTHHBI HIH paBHOM cH. UVECTEHTEIRHOCTE H

\L// crenHGHIHOCTE MOOeIH cocTasitd 33 5% u 86 4%, cooTBeTcTEEHHD.
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MHTepnpeTauund pe3ynbTaToB Mo
nokasaTtento AUC (Area Under Curve )

/ \ 100 E ' ot 11 —
UHPOopMaTUBHOCTb ANAarHOCTUYECKOro N, ,
meToAa nNpwn '

AUC=0,9-1,0 — HauBbICLLUAS 3

AUC=0,8-0,9 — xopoluas 2

AUC=0,7-0,8 — npnemnemas

AUC=0,6-0,7 — cnabag

AUC=0,5-0,6 — ype3Bbl4anHoO cnabas

AUC=0,5 — nonHoe oTcyTCcTBME MHDOPMATUBHOCTW

\ / 100-Specificity

KnnHuyeckas anngemMmnonorusa n oCHOBbI oKa3aTenbHOW MeanumHbl. MexgucunnanHapHoe yuebHoe nocobue ons @
Bpauen / Non pepakumen akagemmka PAH, npodeccopa H.U. bpuko. — MockBa, 2019. — 288 c.
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Comparison of ROC curves ?
Variables: Methodology
MedCalc Tect 1 v Delong et al.
File Edit View Format Tools Statistics Graphs Tests Sample size Window Help ]
mEH= ‘ ‘ ¥ E Summiary statistics... ~ Tecr 2 v | Hﬂl‘lllﬂ“‘_lIr & McNeil
- QOutlier detection... - . \ —
| Avial Y1 Ceibution oot E = A x| B “ Binomial exact Confidence Interval for the AUC
Data Correlation >
=# Notes ” ) S "
2 Variables egression he Graph
- Y Filters T-tests > c | D E | E | G | -
I Saved tests and graphs Rank sum tests ’ %‘ Tect_1a TecT_2a TecT_3a Tect_1 Tect_2 60 Display ROC curves window
Variance ratio test (F-test)... 1 1 5 5,9 0,708683765 0,914 v
ANOVA , 1 1 5 6,1 0,925117463 0,96 S |:| Mark points corresponding to criterion values
1 1 4 6 0,992846682 0,9013 / \
Crosstabs > ! 1 4 6 0,078928157  0,07336 Classification variable:
Survival analysis > 1 0 3 6,5 0,934502357 0,90
Meta-analysis > 1 1 5 5 0,997387938 0,93 3abonesaHune_1 v
—
Serial measurements... :: 1 g 5 g g’jggglgggg g’jlg
Reference intervals > 1 1 5 6 0528469175  0,4560122 Define status...
Method comparison & evaluation > 1 0 5 6 0,974469017 0,9134
Agreement & responsiveness > 1 1 5 6 0,528469175 0,522 Filter:
ROC . 0,528469175 0,522 i
curves > ROC curve analysis...
. . 0,528469175 0,50122
Create tables 5 Interactive dot diagram... 0,61585702 0,702019704
15 15 Plot versus criterion values... 0,177993686 0,1247
16 16 Plot versus prevalence... 0,307251583 0,307
17 17 . 0,177993686 0,217993686
18 18 Predictive values.. 0,840908052 0,880908052 e OK Cancel
19 19 Interval likelihood ratios... 0,972588542 1,012588542
| :
20 20 Comparison of ROC curves... 0,078928157 0,118928157 o —
21 21 - ) find R 0,100110266 0,140110266 0
22 22 omparison of independent ROL curves.. 7 0,697833005 0,737833005 1
< =" -° Partial area under ROC curve... T T TTonnThr mommmmnme Ty 1
Comparison of partial areas under ROC curve...
Precision-Recall curve...
Comparison of Precision-Recall curves...

Performs comparison of 2 ROC curves

DeLong ER, DeLong DM, Clarke-Pearson DL (1988) Comparing the areas under two or more correlated receiver operating characteristic
curves: a nonparametric approach. Biometrics 44:837-845.
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AByX ROC-KpuBbIX —
MedCalc — X
File Edit View Format Tools Statistics Graphs Tests Sample size Window Help
EREHS RE XRE o QmRE 2]
Avial vt v BIgs‘xzx‘*zZ%EéE‘A‘A' E.\u.;
[ Data

g Variables
Y Filters Variable 1

Tect 2

Jecr2

Classification variable

Sample size

Negative group ©

.
. 59(59,00%)

41 (41,00%)

@ 3aboneBanue_1 =1

b Saﬁonesa%
Variable /~ auc =\ SE®

0808 Jo0478
0,768 0,0527

95%.CI°
0,71710 0,880
0,673 to 0,846

Sensitivity

Teer 1|
TecT 2 :

9 DeLong et aN\J988
b Binomial exact

Pairwise comparison of ROC curves

Tect_1~Tect 2
Difference between areas

... 0,0403
e D0 243 ,
-...25,00733 10 0,0879 ' —
40
100-Specificity

Significance level - P=D,Dg?3 .

? DeLong et al., 1988
@ =

MedCalc® v20.111
Unlicensed copy (free trial)

@Data‘@ H (=] H 33|

DelLong ER, DeLong DM, Clarke-Pearson DL (1988) Comparing the areas under two or more correlated receiver operating characteristic
curves: a nonparametric approach. Biometrics 44:837-845.



Kaszanckni I'ocypapcTBeHHBIV
Menyiackmni YHuBepcurer

_A O DEI

Jjpower

©

= Vanables Data Analyses Edit
S 4 - n K
3 305 = 4 |
Exploraticn T-Tests AMOVA Regression Frequencies Factor Survineal
TestROC

-fi' HOMEP MaLMeHTa Q De!:uendent Wariable

& 2aboneeaHue 'f’: Tecr 1

{'_iITE'L—I"| & Tectr 2

{i' Tecr 2

<7 Tecr 3

Class Variable

- @ 3abonesanme_1

Group Variable

|:| All observed scores
Positive class
~ | Visualization

Plots Tahbles

Combine plots

|:| LOESS smoothing

|:| Standard error bars

Delong's test

ROC Curves |:| Sensitivity-specificity tables

ethod

Wmetric

Metric | Sum: Sens/Spec

v ]

Tolerance metric

Ties | All optimal cutpoints

v |

Direction
Specify cut score |:|

oY, oY

pEDA snowCluster

DelLong Test of Difference between AUCs

Estimated AUL's:

AUC SD{Hanley) P(H@: AUC=8.5%) sD(DelLong) P(HB: AUC=8.5)
. 388 8.843 a.808 B8.848 8.8a8
. 768 B.846 @.a0a B.a53 B.oa8

Pairwise comparisons:
AUC Difference CI(lower) CI{uppeq) P.Value CoNrelation
1 wvs. 2 @3.24a8 -a.887 8.2 B.897 0 .888

Overall test:
p-value = @.8973

1@
2 @

ROC Curves

ROC Curve: Comhined

100 4 ettty
Irl-— i ivl-
| ——
| *
-I-H—i
75 o j
o) e
= :
& 50 H
< f'F’
3 'y
[ 4
F"{
25 - 3
H
: - .
|:| .
-100 75 -50 -25 0
1 - Specificity

CpaBHeHUe gByx ROC-KpuBbIX

@® onopPHLIM
lN\lOPOIJS t gBIS’)AElOBATEﬂbeH?I
oNiversity 5
Results Table
Scale: Tect_1
Cutpoint Sensitivity (%)  Specificity (35) PPV (%) MPV (32)  Youden's index AUC Metric Score
04775151732082 89.83% 68.29% a0.3% 82.35% 0.581 0.208 1.58
0.528460174500122  80.83% T0.73% 81.54% 82.80% 0.606 0.208 1.61
Scale: Tect 2
Cutpoint Sensitivity (%) Specificity (%) PRV (38) MPV (%)  Youden's index AUC Metric Score
044323160034871416 89.83% 58.54% 73.71% a0% 0.484 0.768 1448
04560122 86.44% 63.41% T7.27% T6.47% 0.499 0.768 1.50
050122 83.05% 63.85% T7.78% T2.97% 0.4389 0.768 149
0.5175151732082 79.66% 68.29% T8.33% T0% 0.480 0.768 148
0.518460174560122  79.66% T0.73% T9.66% T0.73% 0.504 0.768 1.50
0.522 79.66% T317% 81.03% 71.43% 0.528 0.768 1.53
0.537128400684482  76.27% T317% a0.26% 68.18% 0.494 0.768 149
21 [
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