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1. Description of research
We are making good progress towards completion of our aims of the grant, and we are also investigating this work’s implications for the next steps of research for partially controlled studies. The PI (Frangakis) and Co-PI (Rubin) have published or have in press with the support of the grant the work given in the reference list below. The contribution of the work is also briefly described below.

In the first part, we continue the work we reported last year on new methods to evaluate “location controlled studies” (J Amer Statist Assoc, 2004, 99:239-249). In summary of that work, these are studies that in order to evaluate the effect that using a service can have on an outcome, they control the location of the sites offering the service, although they do not directly control either the use of the service or the follow-up time for measuring participants’ outcomes. Using our methodology, we had found that using the Baltimore Needle Exchange Program (NEP) can substantially reduce HIV transmission among injection drug users. 
This year we have studied how to use different designs to evaluate such studies, which addresses main components of the first and third aim of the proposal. We investigate whether the results are reproducible from “reduced” designs that focus on subsets of the data to avoid extrapolation. An example of such a “reduced” design in the NEP would be to match a control to each HIV case based on covariates, leaving the distance of the NEP (far/close from the person) and exchange (use/no use of the NEP) unmatched. The challenge here is that, in contrast to usual inference on such “reduced designs” in other settings (eg. conditional logistic regression), the structure of the partially controlled study makes the effect of the NEP on HIV in general nonidentifiable from any such reduced design. To address this challenge, we proposed to use both the “reduced” and the original design, in a “polydesign”, as follows. First, choose a “reduced” design that focuses on a particular subset of the data and avoids extrapolation to the remaining part. Then, express the effect of main interest, say E, as a function of the parameters identifiable from the reduced design, say θredu , and of the remaining parameters, θnon-redu . Then, estimate θredu  from the (possibly conditional)  likelihood of the reduced design, and, estimate the remaining parameters θnon-redu from the likelihood of the original design after substituting (profiling) the parameters θredu with their estimates from the reduced design. Polydesigns can be extended to include many “reduced designs”, becoming a generalization of double-sampling designs for which work had been proposed in aim 3 of the proposal. We have now shown theoretically that, for any misspecification of the model and any loss function (e.g., mean squared error) in estimating the effects of interest, there exists a polydesign whose inference (Bayesian or maximum likelihood) performs at least as well as the corresponding inference (Bayesian or maximum likelihood) using the original design.  We also showed the results we had reported in JASA are reproducible with the polydesign, and that the NEP can reduce HIV transmission by up to 90 % (OR=0.1; 95% central posterior interval:  0.0-0.9). The study of polydesigns, by Dr Frangakis and advisee Ms Fan Li, has been conditionally accepted in   Biometrics  , and motivations of this study will appear in a special issue of  Statistical Methods in Medical Research by the same authors.
We have also continued good progress in the use of “principal stratification” for evaluating the role of more general surrogate intermediate variables. We now discuss the three dimensions in which potential outcomes and principal stratification provides flexibility as a framework for partially controlled studies – setting goals that really reflect treatment effects; using better designs; and incorporating assumptions that serve scientific context, work appearing in the Journal of the American Statistical Association  by Dr. Rubin (2004 “Fisher Lecture” at the Joint Statistical Meeting 2004),  in the chapter “Bayesian Causal Inference”  by Dr. Rubin, to appear in the Handbook of Statistics (2005, The Netherlands: Elsevier), in the chapter “Principal stratification” by Dr. Frangakis, in the book “Applied Bayesian modelling and causal inference from incomplete data perspectives” (2004, New York: Wiley), and by Dr. Rubin (2005, to appear in the Journal of the Royal Statistical Society-B. In applications, Dr. Frangakis and colleagues evaluated the effect that an exercise program has in reducing fatigue for breast cancer survivors (Mock, Frangakis, et al., Forthcoming in Psychooncology). Dr. Rubin and colleagues study the increased recent attention of evaluating teacher and school effects (Journal of Behavioral and Educational Statistics). There we discussed the challenges of formulating causal effects in that context, and proposed how potential outcomes can be used to evaluate reward structures, which have a more direct policy relevance. We have also written and documented software on a class of partially controlled studies using principal stratification, work published in Statistica Sinica.
With principal stratification, it is important to develop methods for balancing many observed variables, and for *reflecting* the uncertainty due to missing data. For the first, in work together with colleague IC Huang, Dr. Frangakis has studied a method to compare among many groups after balancing many covariates using propensity scores while also addressing the regression to the mean that arises in such in such a setting; we applied this method to compare among twenty health providers on quality of care of patients treated for asthma, work published in Health Services Research. For adequately reflecting uncertainty, Dr. Rubin published work on multiple imputation in a new edition of his John Wiley classic book, Multiple Imputation for Nonresponse in Surveys , entries in Encyclopedia of Social Science Research Methods.  and in Encyclopedia of Clinical Trials and a chapter in Clinical Evaluation of Medical Devices, 
In the field of genetics, Ms Betty Doan (doctoral candidate in Johns Hopkins) had the idea of using propensity scores to increase power with linkage studies, and consulted with Dr. Frangakis in work developing and applying her idea to study chromosomal regions related to alcoholism, e.g., through addictive mechanisms. Work on performance and applications of these methods is now conditionally accepted in the European Journal of Human Genetics and in BMC Genetics. 
Additional work with the involvement of the PI and Co-PI in studies with a partial support from the grant is listed in references (16)-(21). 

Planning to expand the directions of study
Partially controlled studies with principal stratification can be an especially important framework at the smaller, molecular level, where important factors can be controlled only indirectly. For example, we consider studies, such as the one reported by Lee et al. (2004, Molecular Therapy, 10:1051-1058), with the following components: 
(a) the researcher believes, based on existing observations, that increasing the         transcription, say Tg, of a particular gene can fight a disease such as cancer;

(b) the researcher develops in vitro a controlled method for inserting in the DNA extra enhancers specific to the gene in question; the hope is that when this “controlled treatment” z – the insertion – is applied in vivo to prostate cancer patients, it will increase transcription Tg and that this will improve the clinical outcome Y. 
In our paper forthcoming in Statistical Methods in Medical Research mentioned above, we proposed why and how the in-vivo component of such studies, can be formulated as “partially controlled” with principal stratification. The key idea is that the effect “z-Y” that the controlled treatment z – the genetic insertion of enhancers – has on clinical outcome Y should be decomposed into two effects: the effect “z-Tg” of the extra enhancer on increasing transcription Tg; and the effect “Tg-Y” of increased Tg on clinical outcome formulated using principal stratification.  If the effect “z-Y” is small because the effect “Tg-Y” of transcription on outcome is small, then there is no reason to continue study of that gene; but if  the effect “Tg-Y” of transcription on outcome is large, and the overall effect of enhancer on outcome “z-Y” is small because this enhancer did not increase transcription effectively (“z-Tg” small) for all patients, that would mean that continuing the study of this gene can be important, but more effective ways should be sought to increase its transcription. Of course, the estimation of such effects has challenges analogous to other partially controlled studies as with the needle exchange. 
This is to our knowledge the first formulation of such studies as “partially controlled” with principal stratification, and has promise for further investigation, which Drs. Frangakis and Rubin plan to propose this year as part of a new project.

Additional events related to the grant are given in Sec.  4 of the more complete report posted at    http://www.biostat.jhsph.edu/~cfrangak/partiallycontrolledstudies/report0405.doc 
2.  Publications 

1. Li, F and Frangakis, CE (2005). Polydesigns in causal inference. Conditionally accepted in Biometrics .
2. Li, F and Frangakis, CE (2005).   Designs for partially controlled studies: messages from a review. To appear in Statistical Methods in Medical Research.

3. Rubin, DB. (2005). Causal Inference Using Potential Outcomes: Design, Modeling, Decisions. “Fisher Lecturer” and awardee of the Committee of the Presidents of the Statistical Societies award at the Joint Statistical Meetings in Toronto, 2004. Forthcoming in the Journal of the American Statistical Association.
4. Rubin, DB (2005). “Bayesian Causal Inference.”  To appear in Handbook of Statistics (C.R. Rao and D.K. Dey, eds.).  The Netherlands: Elsevier. 

5. Frangakis, CE (2004). “Principal stratification”. Applied Bayesian modelling and causal inference from incomplete data perspectives , Meng and Gelman eds, New York: Wiley.
6. Rubin, DB (2005). “On Sander Greenland’s “Multiple Bias Modeling”.”  To appear in the Journal of the Royal Statistical Society-B.
7. Rubin DB, Stuart EA, and Zanutto EL. (2004). “A Potential Outcome View of Value-Added Assessment in Education.”  Journal of Behavioral and Educational Statistics, 29, 1, pp. 103-116.  
8. Mock V, Frangakis, CE, et al. (2004). Exercise manages fatigue during breast cancer treatment: A randomized controlled trial. Forthcoming in Psychooncology.
9. Frangakis, CE and Varadhan R. (2004). Systematizing the use of principal stratification for partially controlled studies: from theory to practice. Statistica Sinica, 14: 945-947.
10.  Huang, IC, Frangakis, CE, Dominici, F, Diette, GB, Wu, AW. (2005). Application of a propensity score approach for risk adjustment in profiling multiple physician groups on asthma care, Health Services Research, 40(1):253-278.
11.  Rubin, DB. Multiple Imputation for Nonresponse in Surveys.  Reprinted with editorial corrections and new appendices as a “Wiley Classic.”  New York: John Wiley and Sons. 

12. Rubin, DB. “Multiple Imputation in Designing Medical Device Trials.”  Chapter in Clinical Evaluation of Medical Devices, Becker, K.M. and White, J.J. (eds.).  Washington DC:  Humana Press. 
13. Rubin,DB (2005). “Imputation”.  Entries to appear in Encyclopedia of Social Science Research Methods.  Thousand Oaks, CA:  Sage.  (With S. Raessler and N. Schenker.) (V 100,  469, pp 322-331; and also in Encyclopedia of Clinical Trials.  (With S. R. Cook.).
14. Doan, BQ, Frangakis, CE, Shugart, YY, and Bailey-Wilson, JE. (2005). Application of the propensity score in a covariate-based linkage analysis of the collaborative study on the genetics of alcoholism. Conditionally accepted in BMC Genetics.

15. Doan, BQ, Sorant, AJ, Frangakis, CE, Bailey-Wilson, JE, and Shugart, YY. (2005). Covariate-based linkage analysis: application of a propensity score as the single covariate consistently improves power to detect linkage. Conditionally accepted in the European Journal of Human Genetics.
16. Rubin, DB (2005) “Diagnostics for Confounding in PK/DD Models for Oxcarbazepine.”  Revision to appear in Statistics in Medicine.  (With J. Nedelman and L. Sheiner.)

17. Huang , IC, Dominici , F, Frangakis, CE, Diette, G, Damberg, CL, and Wu, AW (2005). Is risk-adjustor selection more important than statistical approach for provider profiling?  Asthma as an example. Forthcoming in Medical Decision Making, 25(1): 20-34.
18. Huang IC, Diette GB, Dominici F, Frangakis C, Wu AW. (2005) Variations of physician group profiling indicators for asthma care, Am J Manag Care,11(1):38-44. 
19. “The Design of a General and Flexible System for Handling Nonresponse in Sample Surveys.”  The American Statistician, 58, 4, pp. 298-302.  

20. “Design and Modeling in Conjoint Analysis with Partial Profiles.”  Discussion of “When Absence Begets Inference in Conjoint Analysis” by Bradlow, Hu and Ho.  To appear in Journal of Marketing Research, 41, 4, pp. 390-391. 

21. Discussion of “Advice for Beginners in Statistical Research” by Hamada and Sitter.  The American Statistician, 58, 3, pp. 196-197.
3.  Scientific presentations and courses 

1. “Principal stratification and quality of life, and its censoring by death.”  (Rubin, DB), invited, University of Washington, Department of Biostatistics, Seattle, January 2004.
2. Invited Discussant, session on Methodological Issues in Preserving Confidentiality in Public Use Datasets.”  (Rubin, DB) Spring Meeting of the International Biometric Society ENAR (Eastern North American Region), Pittsburgh, PA, March 2004. 

3. “Causal inference through potential outcome application to quality of life with censoring due to death," (Rubin, DB) Department of Statistics, University of Wisconsin, Madison, April, 2004.
4. "Evaluating the impact of social, biomedical, economic and educational programs in society," (Rubin, DB) Lecture  Committee Series Department of Statistics, University of Wisconsin, Madison, April, 2004.
5. New England Statistics Symposium, (Rubin, DB) Harvard University.  Introductory Welcome, April. 2004. 

6. Invited Talk, "Causal Inference Through Potential Outcomes: Application to Quality of Life Studies with "Censoring" Due to Death". (Rubin, DB)  Laurence Baxter Memorial Lecture, State University of New York, Stony Brook  April, 2004.

7.  Invited Speaker, “Can Bayesian Approaches to Studying New Treatments Improve Regulatory Decision-Making Workshop?,” (Rubin, DB) FDA/Johns Hopkins University, Baltimore, MD, May 2004.

8. Invited talk:  “Quality of life and censoring due to death.”  (Rubin, DB) University of Nuremberg, May 2004.

9. Keynote Address: Causal inference through potential outcomes: application to quality of life studies with censoring due to death. (Rubin, DB), 24th Mtg. of the Society of Multivaraite Analysis in the Behavioral Sciences (SMBAS), Joint Mtg. with the European Association of Methodology, Jena, Germany, June 2004.
10. “Causal Inference using Potential Outcomes: Design, Modeling, Decisions. “Fisher Lecture” awarded by the Committee of the Presidents of the Statistical Societies, (Rubin, DB), American Statistical Association, Annual Meeting (JSM), Toronto, August 2004.
11.  “Improving upon Intention-to-treat Analysis When Clinical Trials Become Open-label”, (Cook S and Rubin, DB), American Statistical Association, Annual Meeting (JSM), Toronto, August 2004.
12. “The synergy of ’principal stratification’ controls and historical controls to evaluate    longitudinal partially controlled factors: principles, and application in evaluating the Baltimore Needle Exchange program”, (Frangakis, CE) invited, FDA/Industry Workshop September 22-23, 2004.
13. “Biostatistical Perspective on Determining Sufficiency of Evidence”, (Frangakis, CE) invited, Symposium on Issues in Successful Translation of Research: Applications to Research on Aging, Johns Hopkins Medical School, November 9, 2004.
14. Invited discussion (Frangakis CE), Gerontological Society of America 57th Annual Scientific Meeting, Washington DC, November 19-23, 2004.   
15. “Deviations from protocol:  complication or window to more flexible designs ?”, (Frangakis CE) invited, NIH  to be given March 22 2005
16. “Designs and polydesigns for partially controlled studies”, (Frangakis, CE), invited, American Statistical Association, Annual Meeting (JSM), Minneapolis, to be given in August 2005.
17. Invited presentation (Frangakis, CE), Western North American Region of the International Biometric Society, and Institute of Mathematical Statistics,  Fairbanks, AL, to be given in June 21-24 2005
18. Invited presentation (Rubin, DB), Western North American Region of the International Biometric Society, and Institute of Mathematical Statistics,  Fairbanks, AL, to be given in June 21-24 2005.
Courses and workshops: Constantine Frangakis gave a course at the Johns Hopkins Summer Institute in Biostatistics and Epidemiology, in June 2005, on causal inference including research from this project; the course will be repeated again this summer, and the longer, regular version in the spring. Donald Rubin gave at Harvard University his two regular courses on causal inference at the graduate and undergraduate level, a course on Applied Statistics at the School of Government. Dr Rubin also gave six short courses and workshops on causal inference in the US and Europe. 
4. Selected honors and other events about this project 
Constantine E. Frangakis (PI of this project), has returned from his leave of absence to serve the Greek Navy as required for all Greek males. He was recognized by the Military Office of the President of the Hellenic Republic for his services first at the Submarine Headquarters and then at the Press Office of the President of the Hellenic Republic. In November, he was promoted to Associate Professor at the Department of Biostatistics at Johns Hopkins. He has also been elected fellow of the Center for Advanced Behavioral Sciences of Stanford University. 
Donald B. Rubin, Co-PI, was named “Fisher Lecturer”, a high honor given by the Committee of the Presidents of the Statistical Societies for his foundational contributions to statistical science; Distinguished Lecturer at the Joint Program on Statistical Methods 10th Anniversary, Washington, D.C; Special Plenary Lecturer, European Conference on Quality and Methodology in Official Statistics, Mainz, Germany; Keynote Lecturer at the 6th International German Socio-Economic Panel User Conference, Berlin, Germany, and at the 24th Biennial Conference of the Society for Multivariate Analysis in the Behavioral Sciences, Jena University, Germany; and was honored with the John Wiley and Sons Lifetime Achievement Award in Statistics and Mathematics, Joint Statistical Meetings, Toronto, Ontario, Canada, in 2004.
Ravi Varadhan, who has been participating in the project as a doctoral student in the Department of Biostatistics at Johns Hopkins, earned successfully his PhD this winter (adviser CE Frangakis), and is now an Assistant Professor at the Center for Aging Research, at the Johns Hopkins Medical School.

Samantha Cook, who has been participating in the project as a doctoral student in the Department of Statistics at Harvard, earned successfully her PhD last summer (adviser DB Rubin), and is now Post-doctoral fellow in the Department of Statistics at Columbia University. 

Elizabeth Stuart, who has also been involved in the project as a doctoral student in the Department of Statistics at Harvard, earned successfully her PhD last summer (adviser DB Rubin), and is now on a research position at Mathematica Policy Research in Washington, DC.
More than 50 papers of other researchers currently cite and apply our work developed for partially controlled studies using principal stratification, including medicine, public health, and education. Selected such publications are given in  

      http://www.biostat.jhsph.edu/~cfrangak/citation.html 
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