Additive-multiplicative Hazards Regression Models for Interval-censored

Semi-competing Risks Data with Missing Intermediate Events

Jinheum Kim?, Jayoun Kim?

¢&1QO ‘University of Suwon, Department of Applied Statistics, South Korea,
THE UNIVERSITY OF SUWON ’Medical Research Collaborating Center, Seoul National University Hospital, South Korea

ABSTRACT INTRODUCTION

RESULTS

Aot 1 Table 1 : Empirical results for the averages of the relative bias (r.Bias) and standard Table 2 : Sensitivity analysis of the ‘proposed’ method depending on
NF L errors (SEM), standard deviation (SD), and coverage probability (CP) for the the underlying frailty distribution in terms of the averages of the

We propose a multi-state model for In clinical trials, the occurrence of a non-fatal event | | ; - ,1 . i g T 5 S 5 s s i s s coverage probabify (GF) when the LTF proportion s ‘modarate’
] ] ] ] ] F|gure 1 : A mU|t|'State mOdeI (LTF) 42 proportions (‘low’, ‘moderate’, and ‘high’)
analyzing semi-competing risks data can be detecte_d In conjunction with possibly e e i e
with interval-censored or missing incessant monitoring during periodic follow-up. For R S O O ol Rl S el ol
: : : : illustration purposes of our methodologies, a dataset S TN s o
intermediate events. This model is an PHRY ° . : e P e ] e e e
extension of the illness-death model named PAQUID is analyzed to conduct a longitudinal A (tlz,w,u) = n(Bys' z + exp (Arg' WO,y tVrs™1), -t S W s N
DM, which includes th . study to investigate the meaningful prognostic factors where n = exp (u) Is a log-normal frailty and u follows a T omme e mwwae e mm M tmoa ma s oo e ow o
(IDM), which includes three states: associated with dementia. These data were initially normal distribution N (0, 52). The parameter vector nommiw i Lmmn B s moowmomoe o w oo
healthy, diseased, and dead. The analyzed by Helmer et al. (2001) using the estimated is { = (0%, y*, a*, B*,07°)’. -t —
diseased state can be regarded as the conventional Cox (Cox, 1972) model. In this paper, T —
_ . . . . o2 0.01 70.2 2269222951 95.0 286.1 24010 24133 95.2 100.4 28030 27569 95.2 Table 4 : Regression parameter estimates (Est) with the accompanying
intermediate event. Two more states we employ a semi-competing risks model where A total of six routes can be experienced by a subject: route @ aiEiE e Sl sommmmae e o0 npEes O
. s, 0.01 123.2 6718856122 93.6 93.4 3629133577 95.6 54.0 26591 25204 94.2 covariate parameter Est SE P
are added to the IDM to account for death may occur aft_e" dementia has O_CCU”ed, but 1 (0 - 0), route 2 (0 - 2), route 3 (0 — 1), route 4 (0 - 1 L e T e L e CENNN EEY S U I
missing events, which are caused by death censors the disease. As shown in the PAQUID - 2), route 5 (0 - 3), and route 6 (0 —» 3 - 2). Therefore, =~ # o moww oowwe o oww N 2o o
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. . y Table 3 : P-values of the test used to check the proportional hazard assumption for aoz :2 1
the study; one is a state called the - . routes 1 and 2, respectively. s T i - : e e o
from the study due to LTF. This makes it important to () = — H-(0.t: CEESITAITEORE —
lost-to-follow-up (LTF) and the other - o Qir(t) = exp{ = Ho(0, 1))} E amm— T — )
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is an unobservable state that We can have a refined set of time points:

represents an intermediate event Most of non-fatal event times are not observed 0=5y <54 <S;< <5 <Sppq =00,

experienced after the LTF occurred. exactly but lies on an interval of the form (L, R]. We We can define the weight w;/.. at s, (m = 1,2, ..., 1) for CONCLUSIONS
We employ the additive and could emulate Barrett et al. (2011) and assume that a subject i’:

multiplicative hazards model with a non-fatal event of a subject occurs uniformly on the d;r, exp {—Hy(0,5)} 201 (Sm)

The proposed model was illustrated using PAQUID

: interval (L, R]. However, using the methods proposed Wirm = S ' . - .
log-normal frailty and construct the by Linas(ey a]nd Ryan (1998) gwe otead paﬁiti(?n he l m'=1i'm’ €Xp t—Ho (0, S17)} A01(Sm/) data and yielded several promising results. The risk
conditional likelihood to estimate the . . ’. . . Likelihood functions can also be constructed for routes 3 iti iq is hi

tiona ¢ . interval (L, R] into a few sub-intervals, in which a non- | of transition from a health)_/ state to dementia S higher
transition intensities among states in £ and 4 for women; however, the risk of death after being
: atal event can occur. z . . N e
the multi-state model. diagnosed with dementia is higher for men. Similar
i alizati Lol " y o Qiz(ai, b, t;) = E Aim Wim exp { — Ho (0, 5m)}401(Sm)- -di .
Marginalization of the full likelihood In addition, we propose an additive-multiplicative i3(ai, 0;, Lj ) im Wim 0 mJ)s5101\Sm trends are found for non-diagnosed groups

Meanwhile, the risk of transition from a healthy state
to dementia is higher for the educated group; the risk
of death after being diagnosed with dementia Is also
higher for this group. There is, however, a reversed

is accomplished using adaptive model by combining the Cox (Cox, 1972) proportional Qia(a;, by, t:) = Qs(a;, by, t) A (t)).
importance sampling, and the hazards model with the additive risk model of Lin and Finally, likelihood functions for routes 5 and 6 are given by
optimal solution of the regression Ying (1994), in accordance with a multi-state model. Q;(a;, b, t;) =

parameters is achieved through the exp { = Ho(0,a;)}403(a;)[exp { — Hz(a;, t;)] result for non-diagnosed targets.
iterative quasi-Newton algorithm. f ‘
+ | exp{— Hz(a; s)IAz.(s)exp{— H,(s,t;)}ds].

Simulation is performed to MODELS AND PARAMETER ESTIMATIONS ST sl tsa(s) exp L= Hals, ) )ds] Furthermore, we conducted simulations with finite-
investigate the finite-sample Qic(ay, by, t;) = sample sizes to investigate the efficiency of the
performance of the proposed As depicted in Figure 1, the proposed model consists exp { — Ho(0, a;)}Ao3(a;) [exp { — Hz(a;, ti)jA52(t:) proposed estimators. In particular, we considered
estimation method in terms of the of five states. Let t be the time from study entry. S; is + {f;_‘ exp { — Hz(a;,)}A34(s) exp { — Hy(s, t;)}ds}Aa, (t;)]. three different types Of .|— F proportions. !n general,
relative bias and coverage probability defined as the state that each subject can take at t. l the coverage probabilities of the regression
of the regression parameters. Our _"q = 1(0,1),(0,2),(0,3), (_132)',(3'2)' ,(3'4)' (4,2)}- Therefore, the likelihood function for ¢ is parameters are close 1o a nom_lnal level of 0.95In

oposed method ic also illustrated Define 1,4(t) to be the transition intensity from states . most cases. The proposed estimators turned out to
prop G rtosatt, I , be robust in terms of the misspecification of frailty
using a dataset initially analyzed by Pr(Spags = SIS, = 1) L) = 1_[ 1_[ Q;i ¢ (0,0%uy). distributions.
Helmer et al. (2001). Ars(t) = lim ,(1,8) E A, i=1 | j=1

dt—0 dt

and 4,.(t) =0, (r,s) € A. The data corresponding to _ _ _
transitions 3 — 4 and 4 — 2 are not observable. SAS software to estimate {. We define the marginal
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