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1. Research Overview 
His research focuses on statistical methodology for cancer-related applications, which covers spatiotemporal 
surveillance for chronic diseases, functional change-point problems, and gene network problems. 
 
2. Change Point Problems in Complex Data from Health Care Applications 
 The detection of the change in incidence rates of both infectious and chronic diseases is one of the 
key problems in health care surveillance and clinical applications. As an early example, during the 2002-
2003 Severe Acute Respiratory Syndrome (SARS) epidemics in China, approximately 650 people died. 
Another example is N1H1, called swine flu, which proliferated in the United States and Mexico and spread 
throughout the world in 2009. For chronic diseases, the surveillance of the cancer incidence rate (such as 
thyroid cancers) is also important. After a recent nuclear accident such as Fukushima Daiichi nuclear disaster, 
radioactive materials such as iodine-131 and caesium-137 contaminated air, water, and soil not only in Japan, 
but also in other countries via the air and the Pacific Ocean. Such radioactive materials exist over decades 
and spread over large areas. Thus, spatiotemporal surveillance for increased rates of disease in the 
investigation of cancer is essential. 
 In clinical areas such as cancer treatment, previous research indicates that the longitudinal behavior 
of blood flow during photodynamic therapy for cancers is closely related to the re-growth rate of those 
cancers. Since the blood flow carries the drugs, if the vessel collapses early (which leads to a sharp reduction 
of blood flow), then oxygen and the medication cannot reach the inside of tumors. Then the tumor cells can 
survive, which might cause a high re-growth rate of the cancers. Thus, the detection of a sharp drop-down in 
blood flow during cancer treatment therapy is worth being studied.  
 In this research, I will develop efficient change point methods for complex data, which are practical 
for real data in health care and clinical support. The change point problems are based on the following two 
categories.  
 
• The sequential change point problem [1-7]: In the classical change point detection problem, the baseline 
process is assumed to be stationary, and the change pattern is a step function that is sustained after the 
change. However, in practical health care surveillance, the underlying assumptions of problems are more 
complicated. It is often assumed that the baseline is neither stationary nor independent, and it might exhibit a 
systematic pattern from seasonal trends or population changes. Furthermore, spatiotemporal surveillance 
should consider spatial features, and regional data might be correlated. This non-traditional problem 
assumption provides abundant new research opportunities in finding efficient detection schemes based on 
the context of the sequential change point detection problem. I have studied the spatiotemporal surveillance 
problem by developing new methods and comparing them with existing methods under such non-stationary 
scenarios such as non-homogeneous population, spatial correlation, and non-constant change size, and 
published several journal papers. My next planned research is to investigate global spatiotemporal 
surveillance of cancers after a nuclear disaster, and to develop efficient methodology by taking into account 
such non-stationary patterns. 
 
• The change point problem in longitudinal data [8-10]: The data or curve in clinical areas such as blood 
flow shows a flexible non-linear curve with change points, which cannot be fitted by a unique parametric 
model. In cancer treatment experiments, blood flow is affected by anesthesia before the treatment, so the 
blood flow is sometimes stable or sometimes at a low level at the beginning of the treatment. Thus, it is very 
important to find efficient models to detect change points under the baseline with flexible curvature. The 
common and practical method can be a nonparametric model such as the truncated cubic spline, which has 
some drawbacks. I have developed improved methods based on a partial spline model, and published several 
journal papers. My next research goal is to develop the extended model for group effects or multiple change 
points since the blood flows show multi-stage patterns depending on groups controlled. 
 



3. Network problem for high dimensional genetic data in cancer therapy [11-12] 
 The development of methodologies for estimating cancer gene networks has been a very important 
problem in genomic projects for decades. For personalized healthcare, it is essential to develop prognostic 
and predictive biomarker panels, termed bio signatures, which predict patients’ progression and response 
outcomes to treatment. The estimation of gene pathways helps to predict the outcomes, and advances in 
molecular biology coupled with progress in genomics have fueled hope for the development of such gene 
pathways under global projects such as the Cancer Genome Atlas (TCGA) project and the Genotype-Tissue 
Expression (GTEx) project. However, with those ultra-high dimensional data, the estimation of gene 
pathways or gene networks is a very challenging problem. From the big data to the final goal, it is necessary 
to develop methodology with utilization of statistics, graph theory, and optimization. 
 The goal of my proposed research is to estimate the cancer gene network structure by finding the 
causal relationship between cancer genes under challenging scenarios and predict future response. The key 
issue in this problem is variable selections in high dimensional data and the target-driven network problem.  
 
• Estimation of directed acyclic graphs through a lasso framework for gene network inference: 
To estimate directed acyclic graphs, we developed a sound statistical method based on separable lasso 
problems, which is easy to adapt and manipulate. The practical assumption for the problem is that the 
variances of latent variables are unequal and unknown, and variable orders are unknown or only partially 
known. To find the solution from the model, we proposed a heuristic algorithm, which is called cLasso. The 
simulation results showed that the cLasso algorithms perform better than the existing algorithms under hub 
structures or sparse densities. We extended cLasso to a hybrid lasso approach based on a lasso framework, 
and we found that cLasso and the hybrid approach show equivalent performance, though the hybrid one has 
more computational efficiency in high dimensional settings.  
 Besides normal data assumption, due to recent technology, certain gene expressions, such as RNA-
sequence measurements, are recorded as count data, which can be assumed to follow compounded Poisson 
distribution. We developed an efficient heuristic algorithm to estimate the structure of directed acyclic 
graphs under the lasso framework with the Poisson log-normal distributed data given that variable ordering 
is unknown. To obtain the close form of the penalize likelihood, we applied Laplace integral approximation 
for unobserved normal variables, and we used two optimization steps iteratively to estimate an adjacency 
matrix and unobserved parameters. The adjacency matrix is estimated by separable lasso problems, and the 
unobserved parameters of the normal distribution are estimated by separable optimization problems. The 
simulation result showed that our proposed method performs better than the data transformation method in 
terms of true positives and Mathew's correlation coefficients except for under low count data with many 
zeros. 
 
• The target-driven network estimation for ultra-high dimensional data: 
To find a causal influence or relationship in gene expression data, the directed acyclic graph (DAG) 
representing a gene network is widely used. In the cancer genetic application such as in TCGA or GTEx 
project, the number of gene expressions is extremely large, usually more than 10,000. Thus, it is 
computationally infeasible to estimate causal relationships by using existing well-known methods. 
Fortunately, in many cases, gene expressions around a specific target gene are of interest for a certain goal. 
The estimation of the causal relationship of expressions around a target response in ultra-high dimensional 
data will be a significant impact in the clinical area. A formal systematic algorithm based on Lasso penalty 
and BIC criteria, which are known to lead the consistent model selection, will be investigated. Starting from 
a target gene, we plan to search the neighbors iteratively, and estimate the directed acyclic graph within the 
neighborhood structure, which is the mixed integer nonlinear optimization problem. Under various scenarios, 
we also plan to investigate the proposed algorithms by simulation study, and apply them to real example data 
such as mRNA expressions. 
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