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Abstract

To address the challenge of modeling censored data with coexisting recurrent and terminal events
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in the biomedical field, this paper proposes two semiparametric models: First, a semiparametric
mixture model with an inner product composite endpoint for recurrent and terminal events, which
dispenses with the need to specify the dependence between events and allows weights to be as-
signed based on event severity. Second, a semiparametric transition model with time-varying re-
gression coefficients, which characterizes the dynamic impact of covariates on composite events.
The effectiveness of model estimation is verified via numerical simulations. Empirical analysis is
conducted using simulated data from patients with chronic heart failure and bladder cancer, and
sensitivity analysis is performed to explore the robustness of the models. The results indicate that
the proposed models outperform the traditional Cox proportional hazards model in terms of esti-
mation accuracy and flexibility, providing a scientific basis for the evaluation of medical treatment
regimens and the prediction of patients’ survival status.
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Table 1. Comparison of data simulation results for chronic heart failure

=1L B O RBRIERIMERI

s it ¥ Bias MSE CP
i -0.0021 0.0008 0.947
B BRI B -0.0153 0.0032 0.952
o1 -0.0009 0.0004 0.945
i -0.0102 0.0025 0.921
Cox F7[2]
B -0.0315 0.0087 0.913

Table 2. Comparison of data simulation results for bladder cancer

2. BB BURAE IS R XL

R BEA ) Bias Sa(t) MSE Sa(t) Bias Ba(t) MSE
t=6 —0.0085 0.0012 0.0042 0.0009
AR R A SR AR t=12 -0.0053 0.0008 0.0021 0.0005
t=24 -0.0031 0.0005 0.0010 0.0003
Cox HHAL[2] - —0.0210 0.0035 0.0150 0.0022

B R KN © FSHOR BB TH W2 5877 R 21 B E KT Cox f4Y, 4 i & BT 95%,
VA TR T v @ I 22 R A S B A% AR R B 06 ME F 47 302 D A2 B OIS AR RONE, - N TR HERS £ THA%
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Table 3. Results of model parameter estimation for patients with chronic heart failure

=3 BUOHEBBRERERSHMEITER

ZH TR PR P {4 s P e

B (F) -0.021 0.005 <0.001 RN LS, SA R IRMEEN 1.021 £
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a1 (%) -0.011 0.003 <0.001 RN 1 %, EE SRR IR N 0.011
a2 (FRITHE) -0.16 0.04 <0.001 S ANRIT IR, B AR KR I A 0.16
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Table 4. Results of time-varying regression coefficient estimation for covariates in bladder cancer patients

4. BhtEBENTENTEVARMBITER
it AR () BBIRGTREIHAY  WAMEREEERSE  BTARSEMRRER R A MKEE

6 -0.21 0.18 19.0%
12 —0.33 0.11 28.5%
24 —0.52 0.06 45.2%
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5. SRS
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Table 5. Results of weight sensitivity analysis (Chronic heart failure data)

5. WEHRMIITER(BME L NRISHKIE)

WELHE B flvHE PR ZHE
(0.3,0.7) -0.31 0.08 -3.1%
(0.4, 0.6) -0.32 0.08 0%
(0.5, 0.5) -0.33 0.07 +3.1%
(0.6, 0.4) -0.32 0.08 0%
(0.7,0.3) -0.31 0.08 ~3.1%

ZE R . BUE AT S B THE RN (AL R S E 5% LA ), 15 BH AR AR 6o A EE 40 i LA 480 5
FOFRfEEYE, IR PR AP T AR S ™ R RS W E A, %4518 5 Mao A1 Lin FHF 70 —5X[3].
5.2. ML ISR SR

TSN 2 B 10%+ 20%- 30%. 40%IFEHE4E, Mm-S HOUR SRR TR B, 4532 6 By
TNo

Table 6. Results of sensitivity analysis of censoring proportion

7 6. ML BB S ATEER

WK el S Bias 2 MSE CcP
10% —0.012 0.0028 0.954
20% -0.014 0.0030 0.951
30% -0.015 0.0032 0.952
40% -0.018 0.0038 0.946

GOREIR: FEEMRLLBIRE N, ARG 22 507 R E A BT B RFERIRAKT, EiR
U2 95%, Ut B AL AE it R LU R U B AT R il P se -
5.3. HAERRMESH

FEAUFE A & 300, 800, 1500, 2000 (AL SE, MU THE AL, FEARRESIRIT HESH
¥77 R 22(MSE) 0T R OE R N2 7 Fiw .

Table 7. Corresponding relationship between sample size and Mean Squared Error (MSE)

# 7. EABSMHREMSE)EXF

HAE RITH RSH MSE
300 0.0082
800 0.0035
1500 0.0012
2000 0.0011

gE R PEEREAERM, BAML T MSE 2B RS, HREAREIAF] 1000 I, MSE &+
FasE (FEA & 1500 5 2000 ] MSE 2 34X A 0.0001). ¥t B R AR KREAS 7 5 P A RS B v, RN ZERE
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6.2. RE

AR AT ML R TT R © MMy 2 2R MG kb5, @R AR IR REHE5]: @
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