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Abstract

In many medical studies, the definitive outcome is inaccessible due to cost, time and difficulty of
measurement. A valid surrogate endpoint is then measured in place of the biologically definitive
or clinically most meaningful endpoint. For example, biomarkers are very often used as
surrogates of observing new cases of cancer in testing treatments for cancer prevention, where
event rates are low and a long time may be needed to obtain definitive outcomes. Functional
disability is commonly quantified as self-reported responses to a series of questions about
difficulty performing tasks of routine living, because no obvious single measure of disability
exists.

Latent variable models are recognized as an effective statistical tool for analyzing surrogates.
Such models treat the unobserved definitive outcome as the one to be analyzed for relations with
risk factors, and the measured surrogates as quantities that imperfectly determine the object of
interest. Analysis based on latent variable models is parsimonious, explicitly recognize errors in
measurement, and can give well-summarized inferences on the theory underlying the choice of
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surrogates.

The author has recently developed a very flexible latent variable model for analyzing surrogates.

| also addressed issues about selecting the number of dimensions needed to characterize the
surrogates' distribution. In this project, | propose to extend the latent variable model developed by
the author to evaluate the validity and reliability of diagnostic tests. This application is important
because the model enables us to evaluate tests without knowing the gold standard. 1 also plan to
incorporate the latent variable methodologies developed by the author into an easy-to-use
statistical software capable of being used effectively by all levels of participants of data analysis.

Keywords: latent variable, reliability, software, surrogate endpoint, validity, web page.
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In many medical studies, the definitive outcome is inaccessible due to cost, time and difficulty of
measurement. A valid surrogate endpoint is then measured in place of the biologically definitive
or clinically most meaningful endpoint. For example, biomarkers are very often used as
surrogates of observing new cases of cancer in testing treatments for cancer prevention, where
event rates are low and a long time may be needed to obtain definitive outcomes (Piantadosi
1997). Functional disability is commonly quantified as self-reported responses to a series of
questions about difficulty performing tasks of routine living (e.g., Katz et al. 1963), because no
obvious single measure of disability exists.

Models that permit exploration of relationships between unobservable variables and their
surrogates are referred to as latent variable models. My research is focused on analyzing data
collected in situations where investigators use multiple discrete indicators as surrogates, for
example, a set of questionnaires. These models are called the latent class analysis (LCA) model
(Lazarsfeld and Henry 1968, Goodman 1974). The basic LCA postulates an underlying
categorical latent variable, and this latent variable can explain the association seen among
measured items. Recently, several authors extended the LCA model to incorporate covariate
effects on estimating the underlying mechanism (Dayton and Macready 1988, Bandeen-Roche et
al. 1997), or on estimating measured indicator distributions within latent classes (Melton et al.
1994). | and co-author proposed an LCA model that used covariates on describing distributions of
both the underlying latent class and the measured indicators themselves (Huang and
Bandeen-Roche 2003A). Significantly, we developed a model framework that guarantees
identifiability of the two types of covariate effects.

In this project, | propose to extend the latent class model developed by the author to evaluate the
validity and reliability of diagnostic tests. This application is important because the model
enables us to evaluate tests without knowing the gold standard. | also plan to incorporate all the
latent variable methodologies developed by the author into an easy-to-use statistical software
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capable of being used effectively by all levels of participants of data analysis. These

methodologies include the proposed LCA mode (Huang and Bandeen-Roche 2004), and selecting
5 g

the number of dimensions needed to characterize the surrogates' distribution (Huang 2005).

In the following, I will discuss our results in each aim separately.

diagnostic tests while no golden standard exists.

Aim 1: To apply the developed latent class model in evaluating the validity and reliability of

When evaluating and comparing diagnostic tests for a certain disease, it is often that none of the

tests can be considered as a gold standard and be used to represent an individual’s true disease

status. As a result, tests’ sensitivities, specificities and Kappa statistics, which are the most
commonly used indices to determine the validity and reliability of a test, cannot be obtained. In
fact, one may argue that this is virtually always the case, since few tests are considered to be
100% accurate. Despite these limitations, it is important for clinical and public health practices to
develop methods that best estimate these two indices.
Because of the ability in estimating the underlying definite outcome, the latent class model is a
perfect tool for evaluating the validity and reliability of diagnostic tests while no golden standard

exists. Traditional latent class models assume that test results are independent, conditional on an

individual’s true disease status. In reality, however, the diagnostic tests are often correlated within
the diseased and the disease-free population (Qu, Tan, Kutner 1996). When correlations between
independence assumption.

tests are ignored, the comparisons in sensitivity and specificity between tests are inefficient. The
purpose of this project is to present a latent class model not based on the above conditional

Many studies have tried to address the problem of evaluating tests in the absence of a gold
standard. Qu, Tan and Kutner (1996) proposed a methodology that allows for dependence in the
repeated tests conditional on the true status by incorporating an individual-specific Gaussian
random effect in the probability distribution that links the observed test results to the true status.
Uebersax and Grove (1993) described a model related to Qu et al.’s (1996) that assumes a latent
trait distributed as a mixture of two Gaussian distributions. Albert et al. (2001) developed a
tumor data.

mixture model that describes between-specimen heterogeneity that they expect in their bladder

Despite this body of research, there are three important issues remain unsolved by the literature.

First, previous literature assumed Gaussian distributions for random effects or for the underlying
4

latent variable. Inferences of sensitivity and specificity may be highly sensitive to this assumption
(Albert et al. 2001). Second, while the validity of a test, measured by sensitivity and specificity,



can be obtained from the previous models, a test’s reliability, measured by Kappa statistic, does
not come from these models. It is known that both validity and reliability are important for
evaluating diagnostic tests. An approach that can estimate validity and reliability simultaneously
is extremely valuable. Third, the latent class model is an excellent approach for evaluating tests.
However, the model is often very complicated, thus model identifiability and assumptions can not
be guaranteed. Methods for checking model identifiability and various assumptions are needed.

We have developed a framework for simultaneously estimating a test’s sensitivity, specificity and
Kappa statistic. This approach applies latent class models and does not assume a Gaussian
distribution. More specifically, suppose Y;j;j is the test result for individual i at test j and the
possible values of Yj; are 0= test negative and 1=test positive. S; represents the true disease status
for individual i with values 1=having disease and 2=disease free. (x;, z;, h;) are the covariates
associated with the ith individual. If we assume the “second-order dependence”, then the
likelihood of Yj;’s can be expressed as

Pr(Yi, = Yyooo s Yin = Yu | X1, 2,5 1)
2 M
=HPr(Si =] |xi)HPr(Yim =Yn |zimj’Si = J)x
j:l m=1

(Yo = Pim )Yy — Piyj) .
1+ - = - . IDr(Yim = l’Yiv = ll himv' ! Si = J) - pim' piv' !
{ ; pimj (1_ pimj ) pivj (1_ pivj) [ ! i ]
where Pimj = Pr ( Yin=1 | zimj, Si=j ). We then define Pr(Si=1 | x;), Pr(Yin=1 | zimj, Si=j) and
Pr(Yim=1, Yix=1 | himy;, Si=j) as follows:

Pr(S; =1]x;) | _
o@’[Pr(si =2|x,.)}x"ﬂ

o P =15y S =]
Pr(Y,, =0] zimj’Si =) "

1+ Kimyj
log ———— |=h,,,T,

- Kimvj

where ximyj IS the Kappa statistic of Yin and Yi,, and is a function of Pr(Yin=1, Yi,=1 | h;, Si=j).
Under the proposed model, a test’s sensitivity, specificity and Kappa statistic can be obtained in
terms of B, a@and .

We use generalized estimating equation (GEE) (Liang and Zeger 1986) approach to estimate the
parameters. To estimate ¢ = (5, @), the following estimating equation is used
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where Y, = (Y;;,Y,,,---,Y;w ) .ToO estimate 7, the following estimating equation is used

N

Z(aE(”} W, (0, 2)) It — E(1)]

where
= ¥, = ECIe, — ) Y = ECINis — )]+ Nin 1 — ECiu )] — ECa)])
isa M(M —1)/2x1 vector; and

W, (¢, 7) = BI"”R,(p,7)B"*,

where B;isa M(M -1)/2xM(M —-1)/2 diagonal matrix with the (m, v)’th element being
Var{[Y,, - E(Y;)ILY.,, —E(Y,,)]}; and R (¢,7) isa M(M -1)/2xM(M —1)/2 working
correlation matrix. One can use Fisher scoring to obtain the estimates of 8, e and z. It can be

shown that the estimator (,3, a,7) is asymptotically Gaussian with asymptotic variance

=1

(ZE G’ Fj (ZE G, 'Cov(Y,,r)G'E, )(i FiTGilEij_,
where

= _[0E(Y)/0p 0 = _[0E()/ o0 0 c _ Var(Y,) 0
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and Cov(Y;,r) can be estimated by

Y —E()]Y, ~E(Y)]
L—E(n)}{n—E(n)} |
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The proposed model is applied to determine the minimum number of eye measurements which
must be made to achieve a “good enough” arteriole-venule ratio (AVR). AVR expresses the
relationship of the diameters of the eye’s arteries and veins, and is thereby an indicator of
elevated blood pressure which in turn indicates heart disease. The AVR data is from the
Acrteriosclerosis Risk in Communities Study (ARIC), which is an epidemiological survey of risk
factors for heart disease in 15,792 older adults in communities in four states: North Carolina,
Mississippi, Minnesota, and Maryland (Hubbard et al. 1999).

The AVR has been shown to be associated with elevated blood pressure in the ARIC population,
while arterioles alone have only a weak association (Hubbard et al. 1999). Additionally, using a
ratio reduces the effect of measurement error, assuming that the error is the same for both vessel
types. In the ARIC study, different graders measured each several of the diameters of each
participant’s arterioles and venules. Various vessel diameters, from large to small, were measured.
Minimizing the number of arterioles and venules which must be measured is desirable because it
is difficult and very costly to measure small vessels. Measurements may contain substantial errors,
so multiple measurements must be made despite these obstacles. Therefore, we seek a statistical
method to determine a sufficient number of vessel measurements for the purpose of using AVR as
an indicator of elevated blood pressure.

There are two analytic challenges to overcome before determining the appropriate number of
vessel measurements. First, we need criteria for a “good” indicator of blood pressure. Second, we
need to determine a gold standard in order to determine whether our chosen number of vessel
measurements meet our chosen criteria for “close enough” to the gold standard.

Our proposed latent class model is a good candidate for determining the appropriate number of
vessel measurement to use for calculating arteriole-venule ratios. A latent variable model is used
to summarize AVR measurements and estimate an underlying gold standard. We extend the
traditional model to allow conditional dependence in order to overcome the possible assumption
violation described above. Sensitivity, specificity, and the Kappa coefficient are obtained from the
proposed model, to be used a criteria for judging whether AVR is a good indicator of high blood
pressure.

The paper describing above results is in preparation.

Aim 2: To document and incorporate developed methodologies on latent class modeling into
friendly and portable software.

We had developed an R package: RLCA to implement our works on the latent variable modeling.
The package can fit the regression extension of latent class analysis model (Huang and
Bandeen-Roche 2004), and identify the number of dimensions for classifying the observed



population under the regression extension of latent class analysis model (Huang 2005). The
RLCA package can (1) read in the raw data and transform them into a ready-to-be-analyzed
format, and (2) access and implement developed methods for analysis. A comprehensive user's
guide is also contained in the RLCA package. This user's guide (1) introduces the fundamental
ideas of latent variable models, (2) works the users through an elementary example of using the
developed software, and (3) details the interpretation of analysis results. The RLCA package is
posted on the web page:
http://www.stat.nctu.edu.tw/subhtml/source/teachers/ghuang/software.htm.

Aim 3: To create a web page as a resource for researchers interested in latent variable
analysis.

We have developed a web page with two main missions: first, to introduce the latent variable
model to medical researchers and data analysts, and, second, to share the developed results with
the latent variable research community. Therefore, the web page contains (1) comprehensive
introduction of the latent variable model, (2) latent variable bibliography, (3) available software,
including developed by the author, free shared and commercial products, (4) recent publications
from the author and other researchers, and (5) linkage to other related web pages. This web page
is located in http://ourworld.compuserve.com/homepages/jsuebersax/index.htm and
http://www.stat.nctu.edu.tw/subhtml/source/teachers/ghuang/research.htm.

T P ERRAE

Surrogate endpoints are very popular in the medical research. They are less expensive, easier to
measure, and can catch some unobservable concepts. However, analytic results may be biased
and lose lots of useful information if appropriate statistical methods are not used. The latent
variable model is the statistical methods developed for analyzing surrogates. In the statistical and
social science research, many important advances on latent variable modeling have been made in
the past two decades. However, these models are not accessible to a broad audience of medical
scientists who are impeded by the rigorous mathematics or unavailability of software. This
project is trying to fill up this gap by providing a comprehensive web page and an unified
software of recently developed latent variable methodologies

In this project, first, we have developed to a very powerful model in evaluating the validity and
reliability of diagnostic tests while no golden standard exists. Second, a comprehensive web page
is created to introduce the latent variable model and demonstrate the author's ability on
independent research. As a result, the latent variable model will receive more attentions from
medical researchers and more collaborations and research funding can be expected. Third, an
user-friendly latent variable software will be available via the Internet, which provides
researchers a convenient way to implement the model. Forth, the principal investigator of this
project has applied the developed model and software to several large epidemiology studies and
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has lead to international collaboration and produce large impacts on medical research. Fifth,
research assistants in the project have had a systematic understanding in latent variable modeling,
and have gained experiences in computer programming, web development and real data analysis.
Sixth,

We have met all proposed aims set in the proposal. We will finalize our manuscript on evaluating
diagnostic tests without golden standard and submit it to the SCI journal. The developed RLCA
package is now ready for download on the web page. We believe that the creation and sharing of
the RLCA software will greatly increase the impacts of our research on latent class modeling.
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