PNG DUNG DUONG CONG ROC
TRONG NGHIEN CU’U Y HOC

25.1 Khai niém vé dwong cong ROC

Twr ROC (Receiver Operating Characteristic) bat nguén tir mét phan cia linh
vwe duoc goi la thuyét phat hién tin hiéu (Signal Detection Theory). Tir c4c tin hiéu
nhan dwoc, may sé phan tich va vé duwdng cong ROC, dé phan biét tin hiéu cta
may bay dich va tin hiéu nhiéu (noise) trong thé chién th(r hai. T sau nhirng nam
1970, thuyét phat hién tin hiéu nay dwoc dung dé dién dich két qua cac test trong
chan doan y hoc.

Mbi diém trén dwdng cong ROC la toa dd twong (rng v&i tAn suat dwong tinh
that (d6 nhay) trén truc tung va tan suét dwong tinh gid (1-dd dac hiéu) trén truc
hoanh. Bwdng biéu dién cang léch vé phia bén trén va bén trai thi sw phan biét gira
2 trang thai (vi du c6 bénh hoac khéng bénh) cang ré.

Biéu dd trén gébm cé 3 dworng cong ROC twong ing v&i 3 kha nang: rat tét
(dworng cong 1), tot (dwdng cong 2) va khéng gia tri (dwéng cong 3). Do chinh xac
(accuracy) dwoc do lwdng bang dién tich dwéi dwodng cong ROC. Néu dién tich
bang 1 la test rat tét va néu bang 0,5 thi test khéng c6 gia tri. Xac dinh don gidn mic
dd chinh xac cla test chan doan dwa vao hé théng diém sau day (hinh 25.1):

0,80 - 0,90 = tbt (A)
0,60 - 0,70 = tam dwoc (B)
0,50 - 0,60 = khéng gia tri (C)

25.2 Thwc hién dwéong cong ROC trong SPSS
25.2.1 Xac dinh diém cat (cut off)

Trong cac test chan doan bénh, duwérng cong ROC dwoc dung dé tim diém cat
(cut off) clia cac bién dinh lwong cé gia tri phan biét 2 trang thai (vi du: bé&nh/khéng
bénh) tét nhat, co6 nghia la tim nguwdng (threshold) c6 d6 nhay va d6 dac hiéu cao
nhat. Vi du d& phan biét viéem phdi do vi trung ho&c do virus nguoi ta do ndng do
CRP trong mau va tim diém cat cé do nhay va do dac hiéu cao nhat d& chan doan

phan biét gitra viém phdi do vi tring hodc do virus.
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Hinh 25.1 Dién tich dwéi dwdng cong ROC

Vi du 1. Do ndéng dd CRP ctia 20 bénh nhan (10 viém phdi do vi tring va 10 do

virus), nhap vao phan mém SPSS nhuv sau:

== "CRP_sawv [DataSet1] - SP55 Data Editor

File Edlit ey Data Transtarm Analyze

EEHES b e 3nEE 4

3 |

CRP | wviemphoi |
1 2 0
2 3 o
3 4 o
4 3 1
5 4 0
5 5 o
7 B 1
5 7 0
9 g 0
10 5 0
11 14 o
12 11 1
13 12 1
14 13 1
5 15 1
16 17 1
17 19 1
18 10 1
19 18 o
20 20 1

TS Nguyen Ngoc Rang; Email: rangbvag@yahoo.com; Website: bvag.com.vn; Trang:2



Cot 1 (CRP co6 don vi la mg%) .
Co6t 2 ( 1: viém phoi do vi trung; 0: viém phdoi do virus)

Vao menu: Analyze>ROC Curve.. (hang cubi cung)

5: CRP.sav [DataSet1] - SPS5 Data Editor;

File  Edit “iew Data Transform | Analyze  Graphs  Uilties  Add-c

= E El' h r* ?m E‘ E Reports ]

3 vismphoi ||:| Descriptive Statistics »
CRP | viemp VEHEs '

1 2 Compare Means ]
f 3 General Linesr Model »
j 4 Generalized Linear Models ¥

4 3 Mixed Models ]
f 1 Cotrelate »
? 5 Regression ]
f B Laoglinesr ]
T 7 Meural Metwoarks ¥
f g Clagsity »
T 5 Data Reduction »
? 14 Scale ]
T 11 Monparamettic Tests »

13 12 Time Series ]

14 13 Survival ]

15 15 Mizsing Walue Analysis..

16 17 Multiple Responze ]

17 19 Complex Samples (]

18 10 Guality Control ]

19 18 ROC Curye. ..

Mé& man hinh ROC curve
% ROC Curve (X
W = | Test Yariable: o —

f viemphoi

State Variable:
2 | |
Yalue of State Variable; l:l

Display

ROC Curve
D With Diagonal reference line
|:| Standard error and confidence interval

|:| Coaordingte points of the ROC Curve

| QI || Paste H Reset ” Cancel ” Helg ]

Nhap chuyén CRP vao & Test Variable va viemphoi vao 6 State Variable
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Sau d6 ghi s 1 vao 6 Value of State Variable

DPanh d4u nhay v vao cac 6: ROC Curve, With Diagonal reference line va
Coordinate points of the ROC Curve nhuv hinh sau:

Test Wariable:
r Cptions...
& crP 2

]

State Yariahle:

‘i| |§ wiemphoi |
Walle of State Yariakle:

Display

ROC Curve
With Disgonal reference ling
Standard error and confidence interval

Coordinate points of the ROC Curve

ok i[ Paste ” Reset ” cancel ” Help ]

Nhan OK cho két qua sau:

Puwdng cong ROC (truc tung la dé nhay va truc hoanh la 1-dé dac hiéu (dwong tinh
gia)

ROC Curve
1.0
0.3
£ 067
=
=
wn
=
@
v 04—
0.
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.
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Area Under the Curve

Test Besult varigbleish cRP
Asyimptotic 95% Confidence
Interval
Asymptotic
Area Std. Errore Sig.t Lower Bound Lpper Bound
TTh 111 038 A58 82

The test result variable(s): CRP has at least ane tie between the positive actual
state group and the negative actual state group. Statistics may be hiased.

Dién tich dwéi dwdng cong ROC l1a 0,775 hodc 77,5% v&i p =0,038 nhw vay ndng do

CRP cao hodc thap c6 kha ndng phan biét gitra viem phdi do vi tring hodc do virus.

Tim diém cat:

Coordinates of the Curve
Test Besulfvarjablelsh CRP
Fositive if
Greater Than
or Egqual To® Sensitivity | 1 - Specificity
1.00 1.000 1.000
2.480 1.000 800
3.480 800 800
" 450 900 600
5.a0 400 A00
.50 800 400
7.50 800 300
diem cat 200 200 200
10.50 oo 200
11.50 600 200
12.580 A00 200
13.50 400 200
14.50 400 00
16.00 300 00
17.80 200 00
18.50 200 000
19.50 0o 000
21.00 000 000

Bang cudi cung Coordinates of the Curve gilp xac dinh diém cat. Dung chi sb
Youden (Youden index) J dé xac dinh néng dd CRP ndo cé dd nhay va dd chuyén
cao nhat. Chi sé J |a tri s6 cao nhét cla tdng d6 nhay va dd d&c hiéu trir di 1.

J = max(Se+Sp -1)

v&i Se (Sensitivity) la d6 nhay va Sp (specificity) la dé dac hiéu
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Chon Se va Sp thé nao cho J ¢6 tri s6 cao nhat (dao dong tr 0-1)
Chon CRP=1, Se=1; Sp=0 = J=0

Chon CRP=2,5, Se=1; Sp=0,1 = J=0,1

Chon CRP=7,5, Se=0,8; Sp=1-0,3=0.7 = J=0,5

Chon CRP=9, Se=0,8; Sp=1-0,2=0,8 = J=0,6

Chon CRP=10,5, Se=0,7; Sp=1-0,2=0.8 = J=0,5

Nhuw vay chon CRP=9 la diém cat vi c6 chi sé J cao nhéat (J=0,6) v&i dd6 nhay
(Se=0,8) va do dac hidu (Sp=0,8).

25.2.2 Do nhay, do dac hiéu, gia tri tién doan dwong va gia tri tién doan am, ti

s6 kha di dwong va ti s6 kha di am:

Sau khi da c6 diém cat CRP=9, vé& bang 2x2 nhu sau:

Bénh (+)/ VP do VT | Bénh (-)/ VP do virus
Test (+)/CRP>9 8 (a) 2 (c)
Test (-)/ CRP< 9 2 (b) 8 (d)

Do nhay (Se) = ala+b =8/8+2=0,8 =80%

B dac hiéu (Sp)= d/c+d = 8/8+2 = 0,8 = 80%

Gia tri tién doan dwong (PPV): a/a+c = 8/8+2 = 0,8 = 80%

Gia tri tién doan am (NPV): d/b+d = 8/8+2 = 0,8 = 80%

(PPV: Positive predictive value; NPV: Negative predictive value)
Ti 1é dwong tinh gia o (False positive rate): 1- Sp=20%

Ti lé am tinh gia B (False negative rate): 1- Se= 20%

Ti s6 kha di dwong (Likelihood ratio +)= Se/1-Sp= 0,8/1-0,8=4
Ti s6 kha di am (Likelihood ratio -)= 1-Se/Sp=1-0,8/0,8= 1/4

Ghi chu: Ti sb kha di cang cao, gia tri test chdn doén phéan biét cang cao.
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25.2.3 So sanh dd nhay, do dic hiéu cua 2 test chan doan:

So sanh dd nhay, d6 d&c hiéu ctia 2 hoac Ién hon 2 tests chan doan bang cach
so sanh dién tich dwéi dwong cong (Area Under the Curve: AUC). Test nao c6 AUC
I&n nhat sé& co6 gia tri cao nhat dé chan doan. Dién tich dwéi dwdng cong (AUC)
chinh la tich phan cta cua ham y (d6 nhay) theo x (1-d6 dac hiéu) véi x tir 0>1
Vi du 2: So sanh gia tri chin doan ctia bach cau mau, CRP va Procalcitonin

ID WBC CRP Procalcitonin Sepsis

1 6 5 3 0
11 6 2 0

3 8 7 3 0
4 9 8 4 0
5 12 9 2 0
6 8 7 4 0
7 11 9 6 0
8 10 6 3 0
9 15 11 2 0
10 12 8 6 0
11 14 9 3 0
12 11 15 4 0
13 10 8 5 0
14 9 4 4 0
15 10 5 2 0
16 17 10 7 1
17 12 11 8 1
18 13 12 9 1
19 14 8 3 1
20 15 11 9 1
21 16 6 12 1
22 8 12 8 1
23 12 16 12 1
24 9 12 8 1
25 19 30 11 1
26 11 28 10 1
27 12 8 4 1
28 10 9 5 1
29 10 10 6 1
30 9 8 22 1

Cot 1 (ID): ma s6 bénh nhan
Cot 2 (WBC): tri sd bach cdu mau (x1000/mm?®)
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Cot 3 (CRP): ndng do CRP/mau (mg/dl)
Cét 4 (Procalcitonin): nong dd procalcitonin mau (ng/ml)

Nhap sb liéu vao SPSS, vao menu : Analyze> ROC Curve (hang cudi cung)

== sepsis.sav [DataSet1] - SPSS Data Editor

Eil=  Edit “iew Data  Transtorm | Analyze  Graphs  Wiities  Add-ons wWinddow |
= = E’ o ?.'imﬁ-E Report= .3 'ﬁ%%
1:I1D 1 Descriptive Statistics »
Tables »
e W Compare heans » SEFSIS
1 1 Zeneral Linear Model » ]
=2 2 Gencsralized Linear Models » 0
3 3 hizzed hodels » [n]
¥ | ) Correlate » [n]
5 5 Regression 3 Inl
=] B Loglinear » o
i r Rleural Metyworks 3 o
a a Classify » Inl
=] =} Data Reduction » o
10 10 Scale 3 o
11 11 Honparametric Tests » [n]
12 12 Time Series » o
13 13 Survival » o
14 14 Miz=ing Walue Analysis... u]
15 15 tultiple Response 3 o
16 16 Camplex Samples 3 1
17 17 Cwiality Control » 1
18 1a ROC Curve... 1
19 19 14 =] 3 1
20 20 15 11 =) 1
21 21 16 =] 12 1
22 22 5 12 5 1
23 23 12 16 12 1
24 24 =] 12 =] 1
25 25 19 30 11 1
265 26 11 28 1a 1
27 27 12 5] 4 1
28 28 10 =} 5 1
29 29 1a 1a =} 1
30 30 =] 5] 22 1

M& man hinh ROC curve, chuyén cac bién WBC, CRP, Procalcitonin vao 6 Test
Variable, chuyén SEPSIS vao 6 State Variable, chon Value of State Variable Ia 1.
Nhép dau nhay v vao 3 8 ROC curve, With Diagonal Reference line va Standard

error and confidence interval nhw hinh du&i
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Test Yariable:
- Jptions...
& D & WEC Sl

‘ - & CRP
& PROCALCITONIN

State Variable:
| sepsis |
Wallue of State Warisble:

Display

ROC Curve
With Diagonal reference line
Standard error and confidence interval

|:| Coordinate points of the ROC Curve

[ox [ oo J[ eom [ comemt [ rew ]

Nhan OK cho két qua sau:

Sensitivity

ROC Curve

10
Source of the Curve
—WBC
——CRP

0.5 PROCALCITONIN
——Reference Line

0.6

0.4

0.2

0.0 T T T T

0o 02 04 06 08 10
1 - Specificity

Area Under the Curve

Asymptotic 95% Confidence

Test Reult Interval

Variable(s) Area Std. Error® | Asymptotic Sig.b Lower Bound Upper Bound
WBC .687 .098 .081 495 .878
CRP .804 .081 .004 .647 .962
PROCALCITONIN .922 .050 .000 .825 1.020]
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The test result variable(s): WBC, CRP, PROCALCITONIN has at least one tie between the positive

actual state group and the negative actual state group. Statistics may be biased.
a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Nhw vay procalcitonin (AUC=92,2%; p=0,000) cé gia tri cao nhat d& chan
doan phan biét gitra nhiém khuan huyét do vi tring va do nguyé&n nhan khéac, ké dén
la CRP (AUC=80,4%; p=0,004). Tri s6 bach cadu (WBC) mau it cd gia tri
(AUC=68,7%:; p=0,081) dé& chan doan phan biét.
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