SPARTACCUS: Semiparametric Bayesian Proportional Hazards
Model with a Censored Covariate in Huntington's Disease
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Figure 1: RMSE percentage improvement of SPARTACCUS over complete-case CoxPH for Stage I-to- Figure 2: Posterior mean (solid), 95% credible band
Stage Il duration model parameters (q, y). We conduct simulation studies where both censored response (shaded), and Weibull truth (red dashed) for the
and censored covariate are generated from a Weibull proportional hazards model under a 3° factorial baseline hazards A(t) (left) and h(t) (right) for 3
M ETHODS design, with factors: (i) sample size n € {100, 1000, 2500}; (ii) covariate censoring rate r € {0.20, 0.40, simulated datasets with n = 1000, target covariate
0.80};( iii) Weibull shape k € {0.75, 1.0, 1.5}. We use 100,000 MCMC iterations with 50,000 burn in censoring rates 80%, k ={0.75, 1, 1.5} (top to bottom).
iterationsCells are coloured by RMSE improvement, with positive values (teal) indicating SPARTACCUS
achieves lower RMSE. Numeric labels show RMSE for SPARTACCUS (bold) and complete-case.
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Figure 3: Effective sample size distributions across simulation
replicates for k = 0.75 under the adaptive square-root breakpoint rule.

hr-x(u | X, Z) = ho(u) exp(Xy + Z' o).

The joint survival censored covariate regression model can be viewed Panels correspond to target censoring rates; boxplots summarize Figure 4: SPARTACCUS application to PREDICT-HD (n = 149). (A) Posterior densities for a
as a three-state model with a progressive state-structure, Stage-0 — one-chain ESS across replicates for each parameter and sample size. (Stage | to Stage Il duration, blue), B (time to Stage I, pink), and y (Stage | adjustment,
Stage-1 — Stage-11. In this context Markovian transitions between states The min ESS(A;) and min ESS(h;) entries are per-replicate minima over green). Dashed vertical lines mark the posterior means. (B) Estimated baseline hazard
correspond to the special case where y = 0. the corresponding baseline-hazard pieces. “Ao(t) for time to Stage | (posterior mean and 95% credible band), with elevated early

. . : : follow-up hazards and a later increase. (C) Estimated baseline hazard “hy(u) for Stage I-to-
Flexible piecewise constant forms for the baseline Stage Il duration, front-loaded after Stage I. (D)—(E) Brain surface maps of posterior
hazard functions means for a and B, respectively.
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Figure 1 compares RMSE for SPARTACCUS and the complete-case estimator of (q, y). SPARTACCUS has lower RMSE in all 12 settings with

ho(u) =j%1 hil{u € (s, 7]} n = 100 and 80% covariate censoring. Complete-case RMSE reaches 13.6 for a and 101.2 for y, compared with maxima of 0.488 and 1.152

Letting ¢ = log A; and ¢! = log h;, we assign first-order random-walk for SPARTACCUS. This regime resembles the Huntington’s disease application (n = 149; 56% double censoring). Figure 2 shows three
smoothing priors representative high-censoring simulations across baseline hazard shapes. The true hazards remain within the 95% credible intervals,
V=9 +ad, M N©0,03), @)~ N(0,A2), indicating reasonable hazard recovery. Figure 3 assesses MCMC mixing across replicates. Most parameters have effective sample sizes

f =yl +al,  df B N(0,07), ¢l ~ N0, A7) above 10,000; mixing is weakest for the random-walk innovation parameters and some piecewise-exponential hazard components. Figure

The regression coefficients are assigned normal priors, 4 summarizes the application results. The Stage-l baseline hazard, Ao(t), is elevated early and rises late in follow-up, while the Stage-I-to-
o, BN, A2), B N0, AY),  ~ N(0, A2), Stage-ll hazard, ho(u), is highest during the first year. Parietal volume is positively associated with Stage-ll progression (Gparietai = 0.581; HR

and the smoothing parameters for the bascline hazards are assigned hal- =1.79), whereas temporal volume is negatively associated with Stage-l onset (Btemporai = =0.368; HR = 0.69) and later progression (Gtemporal

Cauchy priors, = -0.467; HR = 0.63). The Stage-l timing effect is near zero (y = -0.019), suggesting approximate conditional hazard independence.
oy, o) ™ Half-Cauchy (0, A,),
with Ay, A, Ag, Ay, Ay being fixed scale hyperparameters chosen to

yield weakly informative prior specifications. In all analyses we set A, =
Ay =As=A,=2and A, = 25.
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Likelihood and Posterior Distribution
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oy mlop =0t DX e Inthe PREDICT-HD analysis, SPARTACCUS identifies posterior shifts in the parietal and temporal NSERC (RGPIN-04044-2020)

X s dl el Jrxiz(b |z, 0) di dr. lobes that can be used to identify brain stimulation targets and our estimate of y suggests

The cumulative hazard terms are evaluated directly under the piecewise- Markovian transitions between disease states.

Cfﬂstdal}t baseline hézafdi\ani “;US the Obseffveg daga “keéﬂ;ood ?isl_a e Our basic framework in this study can be extended to more fine scale neuroimaging data

. three terms of the observed data kel incorporating a spatial prior such as a conditional autoregressive prior for the regression

ood have closed forms, data augmentation is not required for censored ] ) . . ) ] ]

observations. coefficients of the regional neuroimaging measures in a space-varying regression Gamerman et al.

The log-baseline hazard vectors {15?};11 and {@bé‘}jj’;l are updated in (2003)

blocks using automated factor slice sampling under the random-walk e The spatial extension and performance in data-sparse settings suggests broader application to

prior along with the regression coeflicients in their respective hazard

brain—disease association studies. Future work will consider interval-censoring and extensions that
relax the proportional hazards assumption for censored covariates.

models. The smoothing standard deviations o) and o, are then updated

using univariate slice sampling. The posterior sampling algorithm is
implemented in R-NIMBLE (R 4.4.0 - NIMBLE 1.3.0).
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