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A Penalized Maximum Likelihood Estimation (PMLE) procedure is proposed for Cox proportional hazards frailty model 
with noninformative bivariate current status data. An integrated splines (I-splines) was used to approximate the two 

unknown baseline cumulative hazard functions of the failure times. The one-parameter gamma frailty distribution was used to model the 
correlation between the two failure times. An easy to implement computational algorithm is proposed to estimate the regression and splines 
parameters. Bayesian technique as proposed by Wahba (1983) was employed for the variance estimation. The statistical properties of the 
estimated parameters were studied through extensive simulation and  it was observed that the PMLEs were consistent, asymptotically normal and 
efcient. In addition, the estimators were robust to the choice of knots, censoring rates and type of frailty distribution used. The proposed 
methodology is further demonstrated through the analysis of the tumorigenicity experiment data by Lindsey and Ryan (1994).
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10. CONCLUDING REMARKS
In this study, a PMLE approach was proposed to t a bivariate current 
status data with noninformative observation time. The proportional 
hazards gamma frailty model was employed, where the gamma 
distribution was used to model the correlation between the two failure 
times of interest. A proposed log-likelihood function was developed 
and the quadratic penalty function for each baseline function was 
subtracted from this log-likelihood function to obtain the penalized 
log-likelihood function. The baseline CHFs for the two failure times 
were approximated using the cubic I-spline (Ramsay, 1988). The 

smoothing parameters were selected by maximizing their respective 
penalized log-likelihood using the cross-validation score (O'Sullivan, 
1988). The PMLEs were estimated using a combination of Broyden-
Fletcher-Goldfarb-Shanno (BFGS) quasi-Newton algorithm 
(Fletcher, 1987).

The statistical properties of the PMLEs were studied through extensive 
simulations and the results obtained suggest that the estimators 
performed quite and reasonably well. The estimators were consistent, 
asymptotically normal and efcient. The proposed method of optimal 
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selection of knots and smoothing parameters proved to be satisfactory. 
In addition, the estimators were robust to the choice of knots, rate of 
left censoring and type of frailty distribution used. For illustration 
purposes, the proposed method was applied to real data on 
tumorigenicity experiment by Lindsey and Ryan (1994). The ndings 
of the real data coincide very well with previous ndings by other 
authors including Lindsey and Ryan (1994).
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