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	Problem Statement
Explicitly modeling underlying relationships between a survival endpoint and processes that generate longitudinal measured or reported outcomes potentially could improve the efficiency of clinical trials and provide greater insight into the various dimensions of the clinical effect of interventions included in the trials.  Various strategies have been proposed for using longitudinal findings to elucidate intervention effects on clinical outcomes such as survival.  The application of specifically Bayesian approaches for constructing models that address longitudinal and survival outcomes explicitly has been recently addressed in the literature.  It therefore would be useful to explore where and how such approaches could provide value in the design and interpretation of the findings of clinical trials

	Goal Statement
This workstream will explore the practical implications of applying Bayesian approaches to the joint modeling of longitudinal and survival-type outcomes, with the aim of providing recommendations for how such models could or should be constructed, illustrating how they might be used, and elucidating the potential advantages they present and their limitations.

	Potential Impact
· Better understanding of relationships between ongoing measurements and clinical outcome

· More efficient trial designs – smaller trials to achieve specific power levels or greater power for specific sample sizes

· Explicit assessment of gain in efficiency from using longitudinal findings to predict clinical outcome

· More effective adaptive trial design strategies

	Project Scope
· Summary of currently available methods for joint modeling using Bayesian approach, including evaluation of strengths and weaknesses.  

· Evaluate current adaptive design strategies to determine potential gains in efficiencies, potential advantages & disadvantages.

· Consideration of application of the methods to modeling longitudinal non-survival data.  For example  (a) association between HbA1C, weight, and patient self-reported measures in Diabetes as well as the association between multiple assessments in Alzheimer's Disease including functional, behavioral, and cognitive outcomes, (b) joint modeling of correlated efficacy measures to assess the magnitude and level of certainty of the treatment benefit and the corresponding ICER for evaluating cost effectiveness.
· Evaluate software currently available for carrying out calculations needed for designs & data analyses, and identify needs for further software development.


	Project Plan/Key Deliverables/Timeline
· Draft guideline for data sharing from various sources, e.g., clinical trials





2Q2012

· Plan to review current literature, summarize findings from publications including applications, problems encountered, value realized through application of method.





3Q2012
· Establish depository of software, including assessments of existing software.



4Q2012
· Draft review paper for submission to, e.g., JASA











1Q2013
· Draft ‘white paper’ with recommendations for ‘best practice’ including many examples (extended version of review paper) intended to help regulatory review and practitioners.



3Q2013

	Tasks
· Prepare guidelines for obtaining data to use as application of methods considered in course of project; team members to draft initial thoughts and share with whole team.
· Identify publications that should be considered for the Key Reference List (send to Larry)

· Each team member to identify a list of 8 papers to summarize, with the obligation to summarize 4 (to avoid overlaps in preferences)

· Based on literature review, identify ‘schools’ of thought about joint modeling (so keep this in mind when abstracting literature).

· Compile a tentative software list based on team members’ experience – it would be useful to have some comments on usefulness of software, also make software generally available for team members to try out.
· Identify potential datasets to use as feedstock for various methods, especially examples where joint modeling made a difference, e.g., non-negative studies.

	Key References
Albert, P. S. and Shih, J. H. 'An Approach for Jointly Modeling Multivariate Longitudinal Measurements and Discrete Time-To-Event Data',  Annals of Applied Statistics, 4, 1517-1532 (2010).

Chen, L. M., Ibrahim, J. G., and Chu, H. T. 'Sample size and power determination in joint modeling of longitudinal and survival data',  Statistics in Medicine, 30, 2295-2309 (2011).

Chi, Y. Y. and Ibrahim, J. G. 'Joint models for multivariate longitudinal and multivariate survival data',  Biometrics, 62, 432-445 (2006).

Chi, Y. Y. and Ibrahim, J. G. 'Bayesian approaches to joint longitudinal and survival models accommodating both zero and nonzero cure fractions',  Statistica Sinica, 17, 445-462 (2007).

Dantan, E., Joly, P., Dartigues, J. F., and Jacqmin-Gadda, H. 'Joint model with latent state for longitudinal and multistate data',  Biostatistics, 12, 723-736 (2011).

Diggle, P. J., Sousa, I., and Chetwynd, A. G. 'Joint modelling of repeated measurements and time-to-event outcomes: The fourth Armitage lecture',  Statistics in Medicine, 27, 2981-2998 (2008).

Entink, R. H. K., Fox, J. P., and van den Hout, A. 'A mixture model for the joint analysis of latent developmental trajectories and survival',  Statistics in Medicine, 30, 2310-2325 (2011).

Gao, F., Miller, J. P., Xiong, C. J., Beiser, J. A.; et al 'A joint-modeling approach to assess the impact of biomarker variability on the risk of developing clinical outcome',  Statistical Methods and Applications, 20, 83-100 (2011).

Ghosh, P., Ghosh, K., and Tiwari, R. 'Joint modeling of longitudinal data and informative dropout time in the presence of multiple changepoints',  Statistics in Medicine, 30, 611-626 (2011).

Gjessing, H. K., Roysland, K., Pena, E. A., and Aalen, O. O. 'Recurrent events and the exploding Cox model',  Lifetime Data Analysis, 16, 525-546 (2010).

Guedj, J., Thiebaut, R., and Commenges, D. 'Joint Modeling of the Clinical Progression and of the Biomarkers' Dynamics Using a Mechanistic Model',  Biometrics, 67, 59-66 (2011).

Hanson, T. E., Branscum, A. J., and Johnson, W. O. 'Predictive comparison of joint longitudinal-survival modeling: a case study illustrating competing approaches',  Lifetime Data Analysis,  17, 3-28 (2011).

Hatfield, L. A., Boye, M. E., and Carlin, B. P. 'Joint modeling of multiple longitudinal patient-reported outcomes and survival',  Journal of Biopharmaceutical Statistics, 21, 971-981 (2011).

Herring, A. H. and Yang, J. 'Bayesian modeling of multiple episode occurrence and severity with a terminating event',  Biometrics, 63, 381-388 (2007).

Hirakawa, A  An adaptive dose-finding approach for correlated bivariate binary and continuous outcomes in phase 1 oncology trials  Statistics in Medicine, (2011)   http://onlinelibrary.wiley.com/doi/10.002/sim.4425.pdf Accessed 12-9-2011.

Hsieh, F., Tseng, Y. K., and Wang, J. L. 'Joint modeling of survival and longitudinal data: Likelihood approach revisited',  Biometrics, 62, 1037-1043 (2006).

Hu, W. H., Li, G., and Li, N. 'A Bayesian approach to joint analysis of longitudinal measurements and competing risks failure time data',  Statistics in Medicine, 28, 1601-1619 (2009).

Huang, Y. X., Dagne, G., and Wu, L. 'Bayesian inference on joint models of HIV dynamics for time-to-event and longitudinal data with skewness and covariate measurement errors',  Statistics in Medicine, 30, 2930-2946 (2011).

Ibrahim, J. G., Chu, H., and Chen, L. M. 'Basic concepts and methods for joint models of longitudinal and survival data',  Journal of Clinical Oncology, 28, 2796-2801 (2010).

Lawless, J. F. and Crowder, M. J. 'Models and estimation for systems with recurrent events and usage processes',  Lifetime Data Analysis, 16, 547-570 (2010).

Rice, J. A. 'Functional and longitudinal data analysis: Perspectives on smoothing',  Statistica Sinica, 14, 631-647 (2004).

Rizopoulos, D., Verbeke, G., and Lesaffre, E. 'Fully exponential Laplace approximations for the joint modelling of survival and longitudinal data',  Journal of the Royal Statistical Society Series B-Statistical Methodology, 71, 637-654 (2009).

Rizopoulos, D. 'JM: An R Package for the Joint Modelling of Longitudinal and Time-to-Event Data',  Journal of Statistical Software, 35, 1-33 (2010).

Rizopoulos, D. and Ghosh, P. 'A Bayesian semiparametric multivariate joint model for multiple longitudinal outcomes and a time-to-event',  Statistics in Medicine, 30, 1366-1380 (2011).

Sousa, I. 'A Review on Joint Modelling of Longitudinal Measurements and Time-To-Event',  Revstat-Statistical Journal, 9, 57-+(2011).

Spagnoli, A., Henderson, R., Boys, R. J., and Houwing-Duistermaat, J. J. 'A hidden Markov model for informative dropout in longitudinal response data with crisis states',  Statistics & Probability Letters, 81, 730-738 (2011).

Sweeting, M. J. and Thompson, S. G. 'Joint modelling of longitudinal and time-to-event data with application to predicting abdominal aortic aneurysm growth and rupture',  Biometrical Journal, 53, 750-763 (2011).

Tsiatis, A. A. and Davidian, M. 'Joint modeling of longitudinal and time-to-event data: An overview',  Statistica Sinica, 14, 809-834 (2004).

Zhang, S., Muller, P., and Do, K. A. 'A Bayesian Semiparametric Survival Model with Longitudinal Markers',  Biometrics, 66, 435-443 (2010).


