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Professor of Biostatistics, Department of Statistics, University of Oxford,
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Machine Learning and Biostatistics: A Story of

Robustness, Prediction and Inference

Chris Holmes

Department of Statistics and the Nuffield Department of
MedicineOxford University and Scientific Director for the Health
Programme the Alan Turing Institute, UK

HE.

We consider the potential for Machine Learning (ML) to assist in biostatistical

studies. Traditional statistical methods tend to be explicit with an emphasis on
uncertainty quantification and known robustness properties under model
misspecification. On the other hand, ML methods tends to be more opaque
with a focus on prediction performance. We consider some of the challenges

and potential solutions in adapting ML for the biostatistician’s toolkit.
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Hypothesis Testing for a Large Number of Composite

Nulls in Genome-wide Causal Mediation Analysis

Xihong Lin (##41)

Department of Biostatistics and Department of Statistics
Harvard University

In genome-wide epigenetic studies, it is often of scientific interest to assess
whether the effect of an exposure on a clinical outcome is mediated through
DNA methylation. Statistical inference for causal mediation effects is
challenged by the fact that one needs to test a large number of composite null
hypotheses across the genome. In this paper, we first study the theoretical
properties of the commonly used methods for testing for causal mediation
effects, Sobel's test and the joint significance test. We show the joint
significance test is the likelihood ratio test for the composite null hypothesis of
no mediation effect. Both Sobel's test and the joint significance test follow
non-standard distributions, and they are overly conservative for testing
mediation effects and yield invalid inference in genome-wide epigenetic
studies. We propose a novel Divide-Aggregate Composite-null Test (DACT)
for the composite null hypothesis of no mediation effect in genome-wide
analysis. We show that the DACT method provides valid statistical inference
and boosts power for testing mediation effects across the genome. We
propose a correction procedure to improve the DACT method using Efron's
empirical null method when the exposure-mediator or/and the mediator-
outcome association signals are not sparse. Our extensive simulation
studies show that the DACT method properly controls type | error rates and
outperforms the Sobel's and the joint significance tests for genome-wide
causal mediation analysis. We applied the DACT method to the Normative
Aging Study to identify putative DNA methylation sites that mediate the effect
of smoking on lung function. We also developed a computationally efficient R
package DACT for public use.
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CSTE: An R Package for Estimating Optimal Individualized Treat-

ment Rules Using a Covariate-Specific Treatment Effect Curve

EBRLE (zHOU Xiaohua)
R AEAHETDTEZREYSITR

Personalized medicine has been attached much attention in modern
biomedical research,which aims to tailor medical treatments based on
individual’s characteristics. A large number of statistical approaches have
been developed to estimate an optimal individualized treatment rule (ITR)
given the data collected from clinical trials or observational studies. These
approaches can be classified into two general statistical methods and their
hybrids. The first general approach intents to obtain the optimal ITR by a
direct minimization of the population average outcome. The second general
approach aims to model the heterogeneous treatment effects, using a
covariate-specific treatment effect (CSTE) curve,and quantify variability
associated with the estimated optimal individualized treatment rule. In this
talk, | introduce the second approach and and the CSTE R package for its

implementation.
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Estimating the Minimal Number of Repeated Examinations for GapClust: a Light-Weighted Approach Distinguishing Rare

Random Responsiveness -- a new topic of Biostatistics Cells from Voluminous Single Cell Expression Profiles

FFR8Z  (FANG Jigian)
FILUAKEEZRITSRITHRER

Objective: The aim of this study was to develop a general method for
estimation of the minimal number of repeated examinations needed to detect
patients with random responsiveness, given a limited rate of missed
diagnosis.

Methods: Basic statistical theory was applied to develop the method. As an
application,100 patients with disorders of consciousness(DOC) were
assessed by the Coma Recovery Scale—-Revised(CRS-R). DOC patients were
supposed to be examined for 13 times over 20 days, while anyone who was
diagnosed as a minimally conscious state(MCS) in a round would no longer
be examined in the subsequent rounds. To test the validation of this method, a
series of the stochastic simulation was completed by computer software under
all the conditions of possible combinations of three kinds of distributions for p,
five values of p, and four sizes of the sample and repeated for 100 times.
Results: A series of formula was developed to estimate the probability of a
positive response to a single examination given by a patient and the minimal
number of successive examinations needed based on the numbers of patients
detected in the firsti (i =1, 2,) rounds of repeated examinations. As applied to
the DOC patients assessed by CRS-R, with a rate of missed diagnosis
<0.0001, the estimate of the minimal number of examinations was six in
traumatic brain injury patients while five in non-traumatic brain injury patients.
The outcome of the simulation showed that this method performed well under
various conditions possibly occurring in practice.

Interpretation: The method developed in this paper holds in theory and works
well in application and stochastic simulation. It could be applied to any other
kind of examinations for random responsiveness, not limited to CRS-R for
detecting MCS; this should be validated by further researches though.

Zhangsheng)
EFBia RO

Single cell RNA sequencing (scRNA-seq) is a powerful tool in detailing the
cellular landscape within complex tissues. Large-scale single cell
transcriptomics provide both opportunities and challenges for identifying rare
cells playing important roles in development and disease. We develop
GapClust, a light-weighted algorithm to detect rare cell types from ultra-large
scRNA-seq data set with unrivaled speed and memory efficiency.
Benchmarking on diverse experiments demonstrates the superior
performance of GapClust compared with existing approaches. When applied
to intestine and 68 k PBMC data sets, GapClust recovered tuft cells and a

novel subtype of monocyte, respectively.
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A Fast and Accurate Estimator for Large Scale Linear

BEET S MER IR R Model Via Data Averaging

WEF (XU wangli)
FEARKENASITRZERT A
EMFITERITRERARE

MAEEHANT MUBIIEFNNA, TOFMEBMNMEEE, N MELIERR This work is concerned with the estimation problem of linear model when the
K2, BB TFEA A S REE A i, AR B E B MEER sample size is extremely large and the data dimension can vary with the
AN B MBI EARE, 1IR30 FERERMEH MM EHEFHIIR

#X # (zHAO Yang)
ERERAKEEMRITFER

sample size. In this setting, the least square estimator based on full data is
not feasible with limited computational resources. Many existing methods for
Alialo this problem are based on sketching technique. We derive fine-grained lower
bounds of the conditional mean squared error for sketching methods. For
sampling methods, our lower bound provides an attainable optimal
convergence rate. We propose a new sketching method based on data
averaging. The proposed method reduces the original data to a few averaged
observations. These averaged observations still satisfy the linear model and
are used to estimate the regression coefficients. The asymptotic behavior of
the proposed estimation procedure is studied. Our theoretical results show
that the proposed method can achieve a faster convergence rate than the
optimal convergence rate for sampling methods. Theoretical and numerical
results show that the proposed estimator has good statistical performance as

well as low computational cost.
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Measuring and Predicting the Cognitive-impairment of
Alzheimer's Disease Patients from Hippocampus Shape

PSS HEEMMFRES SR —E R A

TEifEE (YU Zuguo)
HMEKXFE
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BRNIASHFZE MATMXBEEAURFFEZPRERE. VAR ZNHAEZ
—o DWHMAIAZE (MBRB/XERE) BEWIZNAEDNASEBRFYIS
ISR, ERRES, BNBD T RBXAHHEEENEEFPIHFES
AR —E N A,

EZEX  (WANG Xuegin)
FERFEAXRFEERZRAITSESRA

We perform a metric kernel regression analysis on 373 Alzheimer's Disease
(AD) patients in the Alzheimer's Disease Neuroimaging Initiative (ADNI) study.
In trials, those patients suffer from cognitive impairment, measured by the
Alzheimer's Disease Assessment Scale Cognitive Behavior Section (ADAS-
Cog), which could have low sensitivity to measure AD progression in clinical
trials. Our study goal is to scrutinize the subregions of the hippocampus and
clinical factors that predict cognitive impairment levels. Nevertheless, it is
rather challenging for modeling the brain hippocampus shape data, a typical
non-Euclidean data as predictors. To overcome this critical issue, we develop
a simple kernel regression estimation approach with the metric kernel, which
can also grasp the features of the non-Euclidean structure. Based on our
analysis, the left hippocampus's head and body regions with p values 0.0009
and $< 0.0001$, and the body of the right hippocampus with p-value $<
0.0001$% are associated with the ADAS-Cog scale. The kernel regression
method also shows that education length is statistically significantly
associated with the ADAS-Cog scale at a significant level of 0.05. Therefore,
with 3 subregions of the hippocampus and education length, we provide a
reliable prediction model for cognitive impairment in AD patients. This model

may facilitate personalized therapy-decision making for AD patients.
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Multiply Robust Estimation of Quantile Treatment Effects

with Missing Responses with Application to CHARLS

ZER (QIN Guoyou)

EBRFRAEDEXAREYRITFHMAE

Causal inference and missing data have attracted significant research
interests in recent years, while the current literature usually focus on only one
of these two issues. Moreover, compared with the commonly used average
treatment effect (ATE), the quantile treatment effect (QTE) is able to provide a
complete picture of the difference between the treatment and control groups,
as well as robustness to the outliers in the responses. Therefore, we develop
a method to estimate the QTE in the context of missing data based on the
idea of inverse probability weighting (IPW).

The proposed IPW estimator has the property of multiply robustness, that is,
as long as the class of candidate models of propensity scores contains the
correct model and so does the candidate models for the probability of being
observed, the resulting QTE estimator is root-$n$ consistent and asymptotic
normal. Simulation studies are conducted to investigate the performance of
the proposed method, and a real data from CHARLS is analyzed and different
treatment effects are observed at various quantile levels of the response.
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Causal Mediation Analysis using Summarized Genetic

Shotgun: A Bayesian Seamless Phase I-ll Design to Accelerate
the Development of Targeted Therapies and Immunotherapy

EZ{d8 (XUE Fuzhong)
WARKEARDPERREYARITER

Background: Causal mediation analysis aims to investigate the mechanism
linking an exposure and an outcome. Dealing with the impact of unobserved
confounders among the exposure, mediator and outcome has always been an
issue of great concern. Moreover, when multiple mediators exist, this causal
pathway intertwines with other causal pathways, making it more difficult to
estimate of path-specific effects (PSEs).

Methods: In this article, under the specific rank condition that the number of
instrumental variables is larger than the number of mediators, we propose a
method (PSE-MR) to identify and estimate PSEs of an exposure on an
outcome through multiple causally ordered and non-ordered mediators using
Mendelian randomization (MR), when there are unmeasured confounders
among the exposure, mediators and outcome. Additionally, PSEs can also be
estimated by PSEMR even when the assumptions of MR and traditional
mediation analysis are violated.

Results: We conducted simulations to evaluate the finite sample
performances of our proposed estimators in different scenarios. The results
show that the causal estimates of PSEs are almost unbiased with good
coverage and Type | error properties. We illustrate the utility of our method
through a study of exploring the mediation effects of body mass index and
pack years of smoking in the causal pathways from education to osteoarthritis
risk.

SR (YAN Fangrong)
PEAMAFEZREMRITEAZE.
MR 5T ELHFRARFO

Drug development of novel antitumor agents is conventionally divided by
phase and cancer indication. With the advent of new molecularly targeted
therapies and immunotherapies, this approach has become inefficient and
dysfunctional. We propose a Bayesian seamless phase I-ll “shotgun” design
to evaluate the safety and antitumor efficacy of a new drug in multiple cancer
indications simultaneously. “Shotgun” is used to describe the design feature
that the trial begins with an all-comer dose finding phase to identify the
maximum tolerated dose (MTD) or recommended phase Il dose (RP2D), and
then is seamlessly split to multiple indication-specific cohort expansions.
Patients treated during dose finding are rolled over to the cohort expansion for
more efficient evaluation of efficacy, while patients enrolled in cohort
expansion contribute to the continuous learning of the safety and tolerability
of the new drug. During cohort expansion, interim analyses are performed to
discontinue ineffective or unsafe expansion cohorts early. To improve the
efficiency of such interim analyses, we propose a clustered Bayesian
hierarchical model (CBHM) to adaptively borrow information across
indications. A simulation study shows that compared to conventional
approaches and the standard Bayesian hierarchical model, the shotgun
design has substantially higher probabilities to discover indications that are
responsive to the treatment in question, and is associated with a reasonable
false discovery rate. The shotgun provides a phase |-l trial design for
accelerating drug development and to build a more robust foundation for
subsequent phase Il trials. The proposed CBHM methodology also provides
an efficient design for basket trials.
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On the Efficient Genome-wide Concordance and Discordance

Analysis of Multiple Large-scale Two-sample Expression Data Sets

FAENE (LAl Yinglei)
THRERMARE. PERNERAKRE

EE

With the current microarray and RNA sequencing technologies, two-sample
genome-wide expression data have been increasingly collected in biological
and medical studies. Differential expression analysis and gene set
enrichment analysis have been frequently conducted. Integrative analysis
can be conducted when multiple data sets are available. In practice,
concordant and discordant molecular behaviors among a series of data sets
can be of biological and clinical interest. There is still a lack of statistical
methods for these types of integrative analysis.

We have proposed a mixture model-based approach to the integrative
analysis of multiple large-scale two-sample expression data sets. Since the
mixture model is based on the transformed differential expression test P-
values (z-scores), it is generally applicable to the expression data generated
by either microarray or RNA sequencing platforms. The mixture model is
simple with three normal distribution components for each data set to
represent down-regulation, up-regulation and non-differential expression.
However, when the number of data sets increases, the model parameter
space increases exponentially due to the component combination from
different data sets. To achieve a concordant and discordant integrative
analysis for a series of data sets, we have introduced two model reduction
strategies.

We demonstrate our methods on the recent TCGA RNA sequencing data. To
illustrate a concordant integrative analysis, we apply our method to a series of
data sets collected for studying two closely related types of cancer. To
illustrate a discordant integrative analysis, we apply our method to a series of
data sets collected for studying different types of cancer. Interesting disease-

related pathways can be detected by our integrative analysis approach.
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