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Ba tiéu chi cho mot mo hinh tién lwong

e Discrimination — phan dinh
e (Calibration — chinh xac

e Reclassification —tai phan nhom



Discrimination — phan dinh



Hai thwd'c do do tin cay cua mot mo hinh

e Sensitivity —do nhay

e Specificity — do dac hiéu



e Trong s6 nhitng ngudi mac bénh, bao nhiéu % cé tién lvong
duong tinh?

e Gold standard — mac bénh trong thuc té

e Test result —mo hinh tién lvgng



Do dac hiéu

e Trong s6 nhirng ngudi khdng mac bénh, bao nhiéu % cd tién
lvong a@m tinh

e Gold standard — mac bénh trong thuc té

e Test result —mo hinh tién lvgng



Vi du

Tién lvong Bénh (n=177) Khéng bénh (n=81)
+ve (trén 20%) 120 20
-ve (dudi 20%) 57 61

Tong s6 177 81



Vi du

Tién lvong Bénh (n=177) Khéng bénh (n=81)
+ve (trén 20%) 120 20
-ve (dudi 20%) 57 61
Tong s6 177 81

Sensitivity = 120 / 177 = 0.68

Specificity =61 / 81 =0.75




Ti Ié dwong tinh gia (false +ve)

Tién lvong Bénh (n=177) Khéng bénh (n=81)
+ve (trén 20%) 120 20
-ve (dudi 20%) 57 61
Tong s6 177 81

Sensitivity (dwong tinh that) =120/ 177 = 0.68

Specificity =61 / 81 =0.75

Duwong tinh gia=1-0.75=0.25




e Receiver operating characteristic (ROC) curve

e Do lvong kha nang phan dinh (power of discrimination) cia mot xét
nghiém hay mo hinh tién luvgng

e Thuwong dung cho cac két qua bién lién tuc
e Y-axis (truc tung): true positive (sensitivity)

e X-axis (truc hoanh): false positive (1-specificity)



Mot vi du vé mot xét nghiém hoan hao

24 h microalbuminuria cutoff

True negatives True positives

24h microalbuminuria (mg/24 h)

Q@ Patients with renal dysfunction
QG Healthy subjects



Nhwng trong thuc té

Urine albumin:creatinine ratio cutoff

False negatives

i True positives

False positives

DO O OO0

O 10 20 30 40 50 60

Urine albumin:creatinine ratio
(mg/g of creatinine)

@ Patients with renal dysfunction
O Healthy subjects



Vi du vé tién lwong ung thu tién liét tuyén

PSA level (ng/mL) Sensitivity Specificity
> 1 1.00 0.21
> 2 1.00 0.48
>3 1.00 0.60
>4 0.99 0.73
25 0.96 0.76
26 0.94 0.79
>7 0.90 0.83
>8 0.90 0.88
>9 0.68 0.90
>10 0.54 0.93
> 11 0.47 0.94
>12 0.30 0.95
>13 0.23 0.96
> 14 0.17 0.97
>15 0.11 0.97

Morgan TO, et al. Age-specific reference ranges for serum prostate specific antigen in black men. N Engl J Med 1996;335:304-310



ROC curve
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Dién tich dwéi dwong biéu dién (area under the

curve - AUC)
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AUC

>0.90
0.80to 0.90
0.70 to 0.80
0.60to 0.70
0.50 to 0.60

Meaning
Excellent test
Good

Fair

Poor

Fail



Y nghia that cla AUC

e Dinh nghia: Probability that a randomly selected pair of healthy
individual and patient, the test result will be higher in the
patient than in the healthy individual (xac suat ma mét cap
bénh nhan va nguai binh thwong dwoc chon, va bénh nhan c¢é
gia tri tién lwong cao ho'n nguoi binh thwong)

e Kho hiéu!



Mot vi du do'n gian

e Chungtacd 7 nguoi duoc theo doi 5 nam
e 4 ngudi mac bénh ung thu tién liét tuyén, va gia tri PSA 1a:
3,2,6,3
e 3 ngudi khdng mac bénh, gid tri PSA:
3,2,6



e 4 gjatri PSA cua 4 bénh nhan
e 3 giatri PSA cua 3 nguwoi khong bénh
e TOongsd capcdthé:4x3=12

e AUC =50 cap ma PSA bénh nhan cao hon PSA cta nguoi khdng
mac bénh chia cho 12.



Néu ching bat cip bénh nhan 1 vé&i 3 ngudi trong nhém khdng bénh:

Bénh Khéng bénh Chuy

> 3 Concordant (8 > 3)
\ 2 Concordant (8 > 2)
6 Concordant (8 > 6)

W O N 0



Néu ching bat cip bénh nhan 1 vé&i 3 ngudi trong nhém khdng bénh:

Bénh Khéng bénh Chuy
> 3 Concordant (8 > 3)
\ 2 Concordant (8 > 2)
6 Concordant (8 > 6)

Pén bénh nhan thur 2

W O N 0

Bénh Khéng bénh Chuy
/ 3 Discordant (2 < 3)
. 2 Tie (2 =2)

Discordant (2 < 6)

W O N o
o



Pén bénh nhan thr 3

Bénh Khong bénh Chuy

8 3 Concordant (6 > 3)
2 / 2 Concordant (6 > 2)
6 > 6 Tie (6 = 6)

3

va bénh nhan thr 4

Bénh Khong bénh Chuy

8 3 Tie (3 = 3)

2 2 Concordant (3 > 2)
6 6 Discordant (3 < 6)
3



AUC (hay c-index)

e AUC = (concordant + 0.5 ties) / tdng sb cap
e Chung ta co:

— 6 cap concordance

— 3 cap discordance

— 3 cap ties (trung)

— AUC=(6+1.5)/12=0.625



Vi du: tinh AUC cho md hinh héi qui logistic

e Muc tiéu: tién lwong thu nhap trén S50K
e Yé&u td: Age, Education.Years, Occupation, Race, Sex
e CAau hdi: 4 yéu td nay tién lvong thu nhap chinh xac nhu thé nao?

e Traloi: AUC



Package "pROC"

e pROC package
(https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-12-
77)

e (4 thé dung dé tinh AUC va vé biéu d6 ROC

e Cdac buwdc can thiét
— Xay dung mo hinh m
— Tinh gid tri tién lwvgng dwa trén tham s6 cia m

— Tinh AUC


https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-12-77

# Doc dir liéu income
inc = read.csv("~/Dropbox/ Conferences and Workshops/TDTU
2018/Datasets/adult.data.csv")

# Fit moé hinh héi qui logistic
m = glm(Income ~ Age + Education.Years + Occupation + Race + Sex,
family=binomial, data=inc)

# Dung pROC
library (pROC)

# Tinh xac suat tién lwong
pred predict(m, type="response")

# Tao ra object roc, tinh AUC

roccurve = roc(incS$Income ~ pred)
auc (roccurve)

cl(roccurve)

plot (roccurve)
cli.thresholds(roccurve)



> auc (roccurve)
Area under the curve: 0.8241

> ci(roccurve)
95% CI: 0.819-0.8291 (DeLong)

> plot.roc(roccurve)
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Dung ModelGood dé tim gia tri
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Calibration — chinh xac



Panh gia do chinh xac - calibration

AUC khong phan anh mo hinh tién lvgng coé chinh xac hay
khong

Chinh xac: gia trj tién lwong gan va&i gia tri thuc té

Calibration = phan anh do chinh xac



Residual — phan dwv

e Residual |a hiéu sb cla
— tinh trang bénh cua mot ca nhan, va

— xac suat tién luvong (predicted probability) do mo hinh tién lwong

Residual (ca nhani) =Y;- P,



Residual cia md hinh héi qui logistic

Bénh nhan i Y P Residual
1 0 2.31 -2.31
2 0 1.91 -1.91
3 1 98.11 1.89
4 1 79.58 20.42
5 0 4.21 -4.21
6 1 98.81 1.19
7 1 64.72 35.28



e Brier score = residual binh phuvong

B=—3 (¥~ R

e Brier score cang thap cang tot



N o o A WN R

Total

Residual cia md hinh héi qui logistic

) B O R Rk O O

2.31
1.91
98.11
79.58
4.21
98.81
64.72

Residual (Y; — P;)?

(Yi—P)
-2.31 5.34
-1.91 3.65
1.89 3.57
20.42 416.98
-4.21 17.72
1.19 1.42
35.28 1244.68

S

Brier Score =S /N



Mot cach thé hién calibration

Nhém nguy co’ SO ca nhan trong SO ca nhan tién
(xac suat) thuc té lwo'ng

1 (0.00 —0.20) 2 5

2 (0.21-0.40) 5 6
3(0.41-0.60) 10 3

4 (0.61 -0.80) 16 17
5(0.81-1.00) 52 51



Calibration Curve
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# Doc dir liéu income
inc = read.csv("~/Dropbox/ Conferences and Workshops/TDTU
2018/Datasets/adult.data.csv")

# Fit moé hinh héi qui logistic

f = 1lrm(Inc50 ~ Age + Education.Years + Occupation + Race + Sex,
data=inc)

f

# Tinh xac suat tién lwong
pred.logit = predict(f)
phat = 1/(l+exp(-pred.logit))

# Calibration
val.prob(phat, inc$Inc50, m=20, cex=.5)



Actual Probability
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> f

Logistic Regression Model

lrm(formula = Income ~ Age + Education.Years + Occupation + Race +

Sex, data = inc)

Obs 32561
<=50K 24720
>50K 7841

max |deriv| 3e-05

Model Likelihood
Ratio Test

LR chi2 8569.01

d.f. 21

Pr(> chi2) <0.0001

Discrimination
Indexes

R2 0.346

g 1.754

gr 5.775

gp 0.236

Brier 0.136

Rank Discrim.

Indexes
C 0.824
Dxy 0.648
gamma 0.649
tau-a 0.237



Dung package "givitiR"

f = lrm(Inc50 ~ Age +
Education.Years + Occupation +
Race + Sex, data=inc)

pred.logit = predict(f)

phat = 1/(l+exp(-pred.logit))
library(givitiR)

cb = givitiCalibrationBelt(o =
incSInc50, e=phat, devel =

"external')
plot (chb)
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# Doc dir liéu income
inc = read.csv("~/Dropbox/ Conferences and Workshops/TDTU
2018/Datasets/adult.data.csv")

# Fit moé hinh héi qui logistic
f = lrm(Inc50 ~ Age + Education.Years + Occupation + Race + Sex,
data=inc, subset=1:10000)

# Tinh xac suat tién lwong
pred.logit = predict(f, inc[1:10000,1])
phat = 1/(l+exp(-pred.logit))

# Calibration
val.prob(phat, inc$Inc50[10001:20000], m=20, cex=.5)



> val.prob(phat, inc$Inc50[10001:20000], m=20, cex=.5)

Dxy C (ROC) R2 D D:Chi-sq
0.1919587 0.5959793 -2.1099648 -0.9051756 -9050.7558517
D:p U U:Chi-sq U:p Q
NA 0.9289382 9291.3817905 0.0000000 -1.8341138
Brier Intercept Slope Emax E90
0.2549178 -0.1039013 0.2164229 0.2640170 0.2611439
Eavg Stz S:p
0.2323711 133.6106877 0.0000000
S n %xy 0.192
Sl ®E s s
e oA A
g
I I I . I I I
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Dung package "ModelGood"

library(ModelGood)

m = glm(Inc50 ~ Age + Education.Years + Occupation + Race + Sex,
data=inc, family=binomial)
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Panh gia mo hinh tién lwgng: Tom luwoc

Hai tiéu chi dé danh gia mdt md hinh tién lwong héi qui logistic:
discrimination va calibration

Discrimination: dung AUC va ROC

Calibration (goodness-of-fit): Brier score va gia tri "predicted-
observed"



