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Summary:

The juxtaposition of biostatistics and clinical epidemiology is effecting a research-paradigm shift away from the
black-box inference of standard cause-and-effect regression modeling towards hypothesis-driven analyses of complex
causal mechanisms. In this new paradigm, researchers seek to explain relationships between risk factors and outcomes
rather than merely test and estimate associations. However, such causal modeling with observational data requires
thoughtful assessment—through subject-matter knowledge—of assumptions that cannot be tested directly using the
data. This necessitates close collaboration between clinical-epidemiological researchers and statisticians to enable the
formulation, fitting, and interpretation of plausible causal models.

We present an example of such a collaboration in a study of atomic-bomb radiation exposure and risk of liver cancer
(hepatocellular carcinoma, HCC), in which we used stored sera to measure biomarkers of several intermediate stages
of liver disease that were of particular interest. A key element of the causal model is possible mediation of radiation
risk by viral hepatitis, which in turn is related to chronic inflammation, insulin resistance, and liver fibrosis, all three
of which are latent constructs. After we developed a latent-factor measurement model (with factor analysis) by
striking a compromise between statistical criteria and clinical judgment, we fit causal models using MIMIC (multiple
indicators, multiple causes) models and assessed risk of HCC for radiation with the latent constructs as intermediates
and HCC as a dichotomous endpoint. The model also allowed for effects of other risk factors—such as BMI and
smoking and drinking behavior—and one of our aims was to test for interaction of these risk factors with the radiation
and viral-hepatitis pathways to HCC.

We encountered several challenges in applying existing causal-modeling approaches to this study. One challenge was
due to the fact that the data were collected under a nested case-control (NCC) design with counter matching on
radiation dose. The NCC design is typically analyzed with conditional binary regression, and counter matching
requires the use of sampling weights as offsets; however, there is no facility for fitting conditional binary regression
models in standard structural equation analysis software, such as Mplus. Another challenge was the need to deal in a
principled manner with missing data; this requires using multiple imputation in a way that takes account of the
complex sampling design both at the imputation stage and at the analysis stage. We dealt with these challenges in an
ad hoc fashion, by incorporating the sampling design variables in the imputation models and by analyzing the data as
if it arose through retrospective sampling, using unconditional binary regression with sampling weights. These
approaches are not rigorous: their statistical properties need to be examined and, if necessary, more appropriate
approaches need to be developed.

In this presentation | will describe the study and the analyses in progress as a practical illustration of the aims and
potential pitfalls of complex causal modeling in an observational clinical research setting. 1 will focus on the iterative,
collaborative model-building process. Some preliminary results will be presented to facilitate the illustration, and
some open methodological research questions will be posed.



