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A study on the updating of prediction model
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Hye-Sun LeeD, Sung-Min MyungZ), Do-Young Kimg), Kwang-Hyub HanS), Ki-jun Songlyr

"Department of Biostatistics, Yonsei University College of Medicine
?Department of Medical Informatics, Jungwon University
3)Depar‘[ment of Internal medicine, Yonsei University College of Medicine

Abstract

Objectives: The statistical prediction models are useful to establishing diagnostic and treatment rule
in clinical area. So, there is an increasing interest in building a precise model to predict the probability
of diseases for individual patient. In doing that, it is important to reflect the patient's changeable character-
istics for improvement of predictive power. In this paper, we studied the methods for the updating
of prediction model that add the information of new patients to the existing model.

Methods: To update the prediction model, we used an established model including 7 risk factors such
as diagnostic type, hepatitic virus type, age, sex, cv-FP, ALT, and drinking history and did the re-calibra-
tion and shrinkage of intercept and slope of existing one.

Results: we considered 4 updating methods, that is, the first one is to use existing model as it is and
the second one is to re-calibrate the overall intercept. Also the third one is to re-calibrate overall intercept
and slope and the last one is to re-calibrate and shrink overall intercept, and individual slope.
Conclusions: Updating methods contain old and new informations. And the model updating method
by using many data can be improved predictive power. Especially, the last updating method was found
to be the most accurate and useful one.

Key Word: prediction model, update method, re-calibration, shrinkage, intercept, slope
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Table 1. Cancer mortality

2008
10,312

2004 2005 2006 2007
10,935 10,716 10,563

11,190

2003
11,701

no. of deaths
mortality rates
no. of deaths

mortality rates

Stomach cancer

20.9
14,791

23.1 2255 21.9 21.5
13,733 14,027 14,278

13,246

242
12,673

Lung cancer

29.9
11,292

273 282 28.7 29.1
10,877 10,884 11,144

10,861

26.2
10,916

no. of deaths
mortality rates

Liver cancer

22.4 223 223 22.7 229

22.6

6,043 6,244 6,650 6,855
12.8

5,859

5,484

no. of deaths
mortality rates

Colon cancer

13.9

13.5

12.1 12.4

11.4

1,731

1,670
3.4
1,241

1,598
33
1,240

2.5
20,793

1,573
33

1,484
3.1

1,404
2.9

1,397
2.9

19,757

no. of deaths
mortality rates
no. of deaths

motarlity rates

Breast cancer

35

1,261

1,345

2.8
20,595

1,325

2.7
20,334

Uterine cancer

2.5
22,670

2.5
22,007

no. of deaths
mortality rates

All others

41.9 42.3 42.5 44.8 45.9

40.9
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Table 2. Updating methods

Parameters estimated

Predictors considered

Updating method

No.

10
10
10
10

No adjustment

Intercept «
a+ calibration slope [, a1
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Table 3. Summary of data
Old data New data
Entering period 1990. 1~1998. 12 1999. 1~2000. 12
No. of total patients 994 883
No. of lung cancer patients 90(9.05%) 44(5.28%)
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Table 4. Description of risk factor

=
of o
B2 ol&d

F33k 1072 AFES AFEEla o]
& [Table 4lol4 A st <
W npte] B4

Variable Description Positive
LC Liver cirrhosis -
CH Chronic hepatitis -
HCV Hepatitis C virus -
HBV Hepatitis B virus -
AGE - >40
SEX - Male
a-FP Alpha-fetoprotein >20(1U/mb)
ALT Alanine aminotransferase >40(IU/ 2)

Heavy alcohol - o 0133_; Q;‘JL;& e

Unknown alcohol -

o) AL

o
o Ao B

Hu:

Y

Table 5. Frequency table of risk factor

[Table 5]o1 4 A8k

Old data(n=994)

New data(n=833)

LC 335(33.7%) 282(33.85%)

Ultrasonography CH 540(54.33%) 460(55.22%)
Carrier, Other 119(11.97%) 91(10.92%)

HCV 121(12.17%) 133(15.97%)

Hepatitis HBV 781(78.57%) 613(73.59%)
NonBNonC 92(9.26%) 87(10.44%)

AGE >40 798(80.28%) 635(76.23%)
<40 196(19.72%) 198(23.77%)

SEX Male 683(68.71%) 568(68.19%)
Female 311(31.29%) 265(31.81%)

o0 -FP >20(1U/mf) 191(19.22%) 120(14.41%)
<20(IU/m) 803(80.78%) 713(85.59%)

ALT >40(1U/ 2) 552(55.53%) 521(62.55%)
<40(1U/ 2) 442(44.47%) 312(37.45%)

Heavy alcohol 149(14.99%) 110(13.21%)

Drinking Non/Social alcohol 543(54.63%) 628(75.39%)
Unknown alcohol 302(30.38%) 95(11.4%)
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71E A5 2 29 gAdS g3 Sl
(1) 47FA Mgty A8 1999 1958 2000:d7k4] <+ g} 83399
1990 19%-E 19989 129744 71% 2 Az} vjastar, AAgekS A48k
94 ARE B3 A 7|E oS 1Y AL

Risk Index(RI) for HCC=¢*

A=-6.254+(1.722 x 117 @ +(0.734 x T 7+)+(1.263 xCH 7+<d)
+0.775 xB& 2F)+(1.315 x A= (=4041))+(0.3 x &)
+(0.826 x o ~FP(=20IU/m))+(0.283 x ALT(=40IU/ 2 ))
+(0.584 x 54 72 +0.222 x Mgl SF4)

Probability for HCC=e?/(1+e#)

Table 6. Logistic regression coefficient(standard deviance) of old data and new data

Variable Old data(n=994) New data(n=833)
Intercept -6.254(1.053) -7.697(1.383)
LC 1.722(0.409) 2.324(1.038)
CH 0.734(0.265) 0.454(1.082)
HCV 1.263(0.499) 1.005(0.799)
HBV 0.775(0.396) 1.433(0.621)
AGE(>40) 1.315(0.003) 0.816(0.564)
SEX(male) 0.300(0.328) 1.617(0.574)
a-FP(=>201U/m{) 0.826(0.464) 0.928(0.396)
ALT(=40IU/ ¢) 0.283(0.150) -0.800(0.359)
Heavy alcohol 0.584(0.393) 0.175(0.432)
Unknown alcohol 0.222(0.400) 1.327(0.448)

71E AR 2L ARE EUE ZA|AF 3 t} 71 AR89 FFAAGIF Ao

A 3} + [Table 6]3} 7ro] e} AE AT ALT(=401U/ #) 22 A5 71& A
Ut 7|EA RS A28 AR 3 AASE v SO vlg] A= AE7F vkgle] AES Holw
3 z

B ztol7h e As g9 Ak LC ANTE 919 Az Hol 7|E A5E o] &g 4
1+ %), HBV(BE 1+<d), SEX(H4), a-FP(> 5 2Y9 JiMe] BasE & A
20IU/m¢), Unknown alcohol("] &2l &-522])L 7] 71E ARE EoA AL o= 2y 471X ¢
& ARRT A2 A5l B AT A NAets AEAA E4s AT Ade ta
o= AA FA4HYa, CH(E 1), HCV(CE I 2ok JRARERE 12 71ES] oF BRYAS
k), AGE(18(=4041)), ALT(=40IU/¢), Agk el i, ARl 2% oo ARA, A
Heavy alcohol(3%4 &4 MEE ARH ot 32 a, o ARA, NIRRT 4= BY 4
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Table 7. Apparent parameter of updated versions

Updating method

Parameters estimated

Regression coefficient

Updating method 2 « : intercept -1.477+0.159
Updating method 3 «  intercept -1.549+0.241
Boveran - calibration slope 0.931+0.173

Updating method 4 « : intercept -1.962+0.277
Boveray : calibration slope 1.434+0.352

v : LC 1.613+0.417

v, : CH -1.438+0.414

~v; + HCV -0.134+0.588

v, : HBV 0.719£0.566

~v5  AGE(=40) -0.230+0.465

Y6 : SEX(male) 0.069+0.562

7 a-FP(=201U/ml) -1.818+0.385

~vs : ALT(=40IU/ ¢) 0.656+0.360

vy : Heavy alcohol 0.896+0.346

719 : Unknown alcohol 1.434+0.352

Aol 18 7|& By o ALt 3
PR 24 o) gl ANt 23 a, 7

Table 8. Regression coefficient of updated versions

Regression coefficient

Updating meth-

Updating meth-

Updating meth-  Updating meth-

od 1 od 2 od 3 od 4

Intercept -6.254 -7.731 -7.803 -8.216

LC 1.722 1.722 1.603 1.351

CH 0.734 0.734 0.683 0.576

HCV 1.263 1.263 1.176 0.991
HBV 0.775 0.775 0.722 0.609
AGE(=>40) 1.315 1.315 1.224 1.032
SEX(male) 0.300 0.300 0.279 0.235
«a-FP(=201U/ml) 0.826 0.826 0.769 0.648
ALT(=401U/ ¢) 0.283 0.283 0.263 0.221
Heavy alcohol 0.584 0.584 0.544 0.459
Unknown alcohol 0.222 0.222 0.207 0.175

o A HAAYRFAES A A34A AR
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Table 9. Apparent performance of updated versions
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0.000

Parameters estimated
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U statistic
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¢ statistic

0.048 0.048 0.045

0.071

Brier score

1.000
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0.930
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