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PROJECT SUMMARY

The Project Summary should include a statement of objectives, methods to be employed, and the significance of the
proposed activity to the advancement of knowledge or education. Avoid use of first person to complete this summary.
DO NOT EXCEED ONE PAGE. (Some Programs may impose more stringent limits.)

We propose to develop a widely applicable, generic technology for the clinical
analysis of the major low molecular weight biochemicals important in the diagnosis and
management of metabolic disorders. This technology portion of the project focuses on the
development of inexpensive, direct reading, quantitative, dip stick type, chemical sensors
for those analytes most important to the diagnosis and management of metabolic disorders,
including carbohydrates, amino acids, and vitamins. With the exception of glucose
monitors for diabetics and the blood spot test for PKU (phenylketonuria), inexpensive,
widely applicable tests for other carbohydrates and amino acids are not available. Such
tests must now be performed in an appropriate clinical chemistry laboratory and are not
available for point of care testing or in the primary care or home environments.

We further propose to develop an efficient decision tree-based economic model
applicable to two major clinical areas:

1. The screening and diagnosis of large populations for inborn errors of

metabolism-Population Screening.

2. The empowerment of patients and providers in the management of chronic

metabolic disease-Disease Management.

The goal is to utilize appropriate clinical input and readily available data bases to
estimate the cost reduction potential of new and different technologies and approaches to
screening and disease management.

We further propose to develop a group of education and information dissemination
activities for the bioengineering, medical, and industrial communities, enabling these
communities to apply our economic model to their biomedical technology research and
development activities and assessment.

Information on the model, together with information on the unique chemical
analysis technologies, will also permit the assessment and possible applicability of these
technologies to other health related areas.

We will utilize the economic analysis tools to focus our own biochemical
technology development on those inborn errors of metabolism with the greatest cost
reduction potential. This will begin with the very well defined, well known, and clinically
significant problem of galactosemia, which we will use as our initial case study. We will
further utilize the modelto focus our technology development on the management of chronic
metabolic disease. Again, we will use the management of galactosemia as the initial case
study. A second more complex case problem, is diabetes, which will also be studied.

Finally, using the economic model applied to the wide spectrum of inborn errors of
metabolism and their associated diseases, we will develop a preliminary priority "ranking"
for technology focus and sensor development, based on the overall cost reduction potential
associated with the screening and management of those diseases.

Our technology, economic analysis, and education activities will all be made known
to the bioengineering, clinical, and industrial communities in the hope and expectation that
our experiences can help enhance the development and application of cost reducing medical
technologies in a much wider sphere.

The project includes three principal investigators with specific expertise in the
technology area, the economic analysis area, and the education area. It includes a Clinical
Advisory Team consisting of clinicians, researchers, and health care providers in the local
area as well as a National Advisory Board. The project also includes close collaboration
with industries who have the interest and potential to make the technology widely and
inexpensively available.
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C. Project Description
1. Specific Aims and Objectives

+ To develop a widely applicable, inexpensive technology for clinical analyses of the key
biochemicals important in the diagnosis and management of ‘metabolic disorders (Technology)
+ To develop an efficient, understandable, decision-tree _based economic mode! suitable for making
succesively refined estimates of economic impacts of technology for:
1. the screening and diagnosis of metabolic diseases, and

2. the empowerment of patients and providers in the management of chronic metabolic
diseases.
(Economics)

tivities for the bioengineering, medical, and industrial communities to
biomedical technology R and D activities (Education)

chnology development on those inborn
I, using galactosemia for the initial

* To develop education ac
enable them to apply the model to their

« To utilize the economic model to focus our biochemical te
errors of metabolism with the greatest cost reduction potentia
case study

« Using the economic model, to prioritize future technology developments based on their cost
reduction potential.

The overall objectives are illustrated in Figure 1 (below). Our novel technology for the
direct, sensitive, inexpensive measurement of specific bio-chemicals important to metabolism and
metabolic diseases (1, 2, 3) can lead to more effective therapy and management of those diseases.
The economic analysis component will determine the cost reduction poten tial of both screening and
chronic disease management, thereby permitting the technologists to focus their activities on those
chemicals and diseases with the greatest cost reduction potential (4, 5). The education component
works closely with technology and economics to make the technologist, economist, health care
provider, and patient populations aware of the technology, of the economic model, and of the cost
reduction prioritization analysis.

Technology

Biochemicals Important in
Metabolic Disorders
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Figure 1. The project involves a close interaction and sy
(technology), economists (economic analysis), and educators (education




2. Significance and Impact

Health care cost concerns in many nations are driving a growing interest in point of care-
based technologies for screening, diagnosis, and even treatment (5-7) Innovations and enhanced
technologies in meter-less chemical analysis devices, employing immobilized and dry reagents,
make it possible for individual patients to monitor their own glucose, cholesterol, pregnancy
hormone, and other parameters.

There is growing need for devices which can use non-invasively derived samples,
particularly urine, saliva, and sweat (1, 8, 9). There is an evolving trend in encouraging and
empowering consumers and potential patients with greater education, awareness, and
responsibility for their own health care. This has lead to a recent proliferation in home medical,
"self diagnosis,” computer packages (6, 10-12). These products attest to the growing interest in
the public becoming more involved in assuming more responsibility for their own education and
health care.

We are embarked on projects to research and develop consumer and patient friendly,
dipstick-type devices applicable to non-invasively derived fluids for education, analytical, and
potential diagnostic usage (1-3).

Such sensors will make it possible to enhance research and diagnosis in a wide range of
problems and pathologies related to metabolism and bioenergetics, obviating the requirement for
generally more expensive and time consuming standard analytical methods, often based on gas
and liquid chromatography (13, 14). )

A good example is the screening of new borns and infants for inborn errors of metabolism,
particularly inborn errors of carbohydrate and amino acid metabolism (15, 16). Such screening is
done today in most of the United States for high incidence metabolic diseases. It is not routinely
done for those inborn errors of lesser incidence. in large part because of the high costs associated
with such screening. Such an inborn error of metabolism is indeed a chronic disease which must
in general be monitored and managed for the lifetime of the patient. Many of these metabolic errors
can be corrected and managed by suitable diet. However, such chronic management requires the
ability to make periodic and regular chemical determinations. The availability of truly inexpensive
means of reliably performing such analyses will greatly reduce the chronic and severe problems
associated with undiagnosed inborn errors of metabolism and will greatly facilitate the chronic
management of such diseases,

Although progress is being made in the development and provision of tools and devices
1o enable self-monitoring of blood pressure. pulse, and temperature (6, 10-12), the very major
constraint is the limited number of suitable inexpensive home based means for appropriate
clinical chemisiry measurement s. The public has responded positively to the availability of
home based chemical measurement technologies for the management of diabetes, the dizgnosis of
pregnancy, cholesterol levels, and now AIDS. Specific. sensitive, quantitative, inexpensive dip-
stick type devices are needed for a much wider range of analytes particularly for carbohydrates
and amuno acids to enable and empower the growth and expansion of patient self-care.

Diabetes is perhaps the best example of a wide spread metabolic disease (17). More than
seven million Americans suffer from diabetes and its complications. Over ten percent of U.S.
annual health care dollars are devoted to managing diabetes. This is of the order of one hundred
hillion dollars per year. Recent studies have shown that a more intensive therapeutic approach to
the management of diabetes would greatly benefit those afflicted by delaying complication times,
delaying blindness by about eight years, delaying end stage renal disease by about six years,
delaying lower extremity amputation by about six years, and an overall five year prolongation of
life. Such a disease management program requires tight glucose control together with more
enhanced diabetes education and patient/physician interaction. It also requires effective,
inexpensive, chemical analysis methods which can be applied by the individual patient, including
glycohemoglobin, microalbumin, cholesterol, and related perameters. Diabetes has a very high
incidence and a very high societal impact.
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Newboms in the United States are regularly screened for some inborn errors of metabolism
during their first days of life (21-25). If the incidence of the disease in the newborn population is
high enough that one missed case will result in state expenditures larger than the cost of screening
all newborns, then it is cost beneficial to screen all newborns (20). Typical screenings cover
phenylketonuria (PKU), galactosemia, maple syrup urine disease (MSUD) and homocystinuria
(20). All states screen for PKU and hypothyroidism, 26 states screen for galactosemia, 20 screen
for MSUD, 19 screen for homocystinuria, and three screen for histidinemia (21). These
screenings require that a blood sample be drawn and sent to a clinical chemistry laboratory, with
results taking 2-3 days. This is generally too long. Infant metabolic screening costs range from
$30-850 per test. Current newhorn screening programs for inborn metabolic errors include °
screening of umbilical cord blood, newborn blood, and urine (22).

. Galactosemia has an incidence of roughly one in one hundred thousand and is therefore
often considered inappropriate for screening. The result is severe growth retardation and mental
retardation if undiagnosed and untreated even in the first few days of life. Undiagnosed cases of
galactosemia are a major cost to society.

More common inborn errors of metabolism such as phenylketonuria (PKU), with an
incidence of roughly one in ten thousand, are routinely screened today. All newborns are screened
for PKU. but that is not the case for galactosemia, for three reasons:

- PKU testing is relatively inexpensive, straight forward, and easily implemented.

- PKU has a relatively high incidence and can be easily treated if detected.

- The detection of galactosemia requires chemical analysis which are considered to
be somewhat expensive and cumbersome, and given the relatively low
mcl_dr:ncc, often considered 1o be noi cost effective in some states and jn_man}-'
nanons.

_ What determines cost effectiveness (18, 19)for a screening application is the incidence, the
availability of treatment if detected, the cost to socicty of that treatment, the cost to society if
untreated, and of course the cost of the screening procedure, The availability of simple, direct
reading, quantitative, inexpensive, multi-channel sensors for the key inborn errors of metabolism
would permit all such screening to be essentially "piggy backed" on the existing PKU screening
acuvity. Thus, for only the cost of the sensor alone such screening could be widely implemented
thereby totally changing the cost-benefit calculation, i

The great significance of the technology proposed here is that it would allow the direct
measurement of critical biochemicals, particularly carbohydrates and amino acids,by straight
forward, inexpensive means. Analysis of such chemicals today generally requires gas or liquid
chromatography techniques (13-16), not amenable to a quantitative direct reading, dip stick
modality,

Recently, a shift toward point-of-care testing—testing done at or near the patient’s bedside-
has taken place. This type of testing can reduce cost while decreasing delays in treatment. It
reduces pre-analytic errors due to collection, storage, transportation, and reporting. Results are
ready in minutes, leading to faster diagnosis and faster treatment implementation. The net results
are decreased hospitalization, lower costs and improved quality of care (13). Dipsticks will reduce
medical costs due to labor savings, time savings, and decreased mi sdiagnosis (18).

[PV

3. Relation te PI's Goals

J. Andrade, the senior PI, has been involved for the past five years in trying to encourage
the nation's biomedical engineers to focus on technologies and processes which could significantly
decrease the costs of health care. He, together with Dr, Jaron and Dr. Katona, organized and
chaired the NSF workshop on Cost Reducing Health Care Technologies (26) which lead to the
1993 meeting of the American Institute for Medical and Biological Engineering and its
proceedings, Medical i i Sngineering in the Fut are (5), which had a
major focus on cost reducing technologies. He has taught courses related to those subjects in the
Department of Bioengineering at the University of Utah, together with Steve Kern and Robert
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PROJECT SUMMARY

The Project Summary should include a statement of objectives, methods to be i and the significance of the
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We propose to develop a widely applicable, generic technology for the clinical
analysis of the major low molecular weight biochemicals important in the diagnosis and
management of metabolic disorders. This technology portion of the project focuses on the
development of inexpensive, direct reading, quantitative, dip stick type, chemical sensors
for those analytes most important to the diagnosis and management of metabolic disorders,
including carbohydrates, amino acids, and vitamins, With the exception of glucose
monitors for diabetics and the blood spot test for PKU (phenylketonuria), inexpensive,
widely applicable tests for other carbohydrates and amino acids are not available. Such
tests must now be performed in an appropriate clinical chemistry laboratory and are not
available for point of care testing or in the primary care or home environments.

We further propose to develop an efficient decision tree-based economic model
applicable to two major clinical areas:

1. The screening and diagnosis of large populations for inborn errors of

metabolism-Population Screening.

2. The empowerment of patients and providers in the management of chronic

metabolic disease-Disease Management.

The goal is to utilize appropriate clinical input and readily available data bases to
estimate the cost reduction potential of new and different technologies and approaches to
screening and disease management.

We further propose to develop a group of education and information dissemination
activities for the bioengineering, medical, and industrial communities, enabling these
communities to apply our economic model to their biomedical technology research and
development activities and assessment.

Information on the model, together with information on the unique chemical
analysis technologies, will also permit the assessment and possible applicability of these
technologies to other health related areas.

We will utilize the economic analysis tools to focus our own biochemical
technology development on those inborn errors of metabolism with the greatest cost
reduction potential. This will begin with the very well defined, well known, and clinically
significant problem of galactosemia, which we will use as our initial case study. We will
further utilize the modelto focus our technology development on the management of chronic
metabolic discase. Again, we will use the management of galactosemia as the initial case
study. A second more complex case problem, is diabetes, which will also be studied.

Finally, using the economic model applied to the wide spectrum of inborn errors of
metabolism and their associated diseases, we will develop a preliminary priority "ranking”
for technology focus and sensor development, based on the overall cost reduction potential
associated with the screening and management of those diseases

Our technology. economic analysis, and education activities will all be made known
to the bicengineering, clinical, and industrial communities in the hope and expectation that
our experiences can help enhance the development and application of cost reducing medical
technologies in a much wider sphere.

The project includes three principal investigators with specific expertise in the
technology area, the economic analysis area, and the education area. It includes a Clinical
Advisory Team consisting of clinicians, researchers, and health care providers in the local
area as well as a National Advisory Board. The project also includes close collaboration
with industries who have the interest and potential to make the technol ogy widely and
inexpensively available.

NSF FORM 1358 (1/54)




Hueffner, the Co-PI's. For about the past five years, Joe has redirected his academic research
activities to developing technologies to facilitate patient empowerment, primarily direct reading,
dipstick type devices for the measurement of important biochemicals in non-invasively derived
body fluids (1, 2). He is deeply committed to expanding the education and awareness of patients
and to involving patients in their own health care decisions. The activities described in this grant
relate directly to both his short term and long term continuing career goals.

Dr. Robert Hueffner's career is also in the mainstream of improving the quality of health
care through improved health policies and improved interaction between patients, providers, and
the technology/engineering community.

Dr. Steven Kem has been interested in and involved in cost reducing technologies since his
graduate student days at the University of Utah. He is applying that interest and experience to his
rapidly developing academic career in anesthesiology and bioengineering.

Flease refer to the biosketches of the three Co-PI's for further information.
4. Background and Work in Progress

There are two very special molecules that play unique and central roles in biology:
adenosine triphosphate (ATP) and nicotinamide adenine dinucleotide (NADH) and its phosphate
form (NADPH), a ubiquitous electron donor. ATP is generally recognized as the energy
currency in biology. The two molecules are closely coupled in many biochemical processes and
can be regenerated or recharged. They are the basic coupling agents of cellular metabolism. A
very large number of biochemical enzvme processes involve one of these two molecules,

It is very fortuitous that biology has evolved two bioluminescent processes dependent on
these two molecules: the firefly luciferase reaction, which acts on firefly luciferin in the presence
of ATP to produce an oxidized product which chemiluminesces (27). The bacterial luciferase
reaction, which in the presence of alkyl aldehydes, produced by an NAD(P)H reaction, and
FMNH, also produces an excited chemiluminescent product which chemiluminesces. Both
reactions produce photons with high efficiencies in the presence of oxygen. However, both the
luciferases and luciferins involved are chemically different.

There is a large body of literature on the development of biosensors for ATP and ATP-
dependent processes and for NADPH and NADPH-dependent processes, using the firefly and
bacterial luciferase enzymes, respectively (1, 2, 28-30). Such biosensors generally employ
fiberoptic or other wave guided means of delivering the luminescence to a device which can
accurately measure light intensities (28-30). Although one of the most portable and most
sensitive photon detectors available to the scientist, physician, or patient is his or her own eye, it
i1s noforiously difficult to calibrate for accurate measurements of even relative light intensity. The
human two dimensional photon detection system, however, can reliably and accurately measure
changes in spatial position.

We are using the human eye's spatial detection capabilities as a readout system for the
analysis of carbohydrates and other key molecules using ATP-dependent kinase-based,
phosphorylation reactions (1, 2).

It is perhaps surprising that there has not been more interest in using the exquisite
imaging photon detector, which practically all of us have, the human eye. The eye is so
beautifully accommodating, adapting, and auto-ranging, that it is a notoriously bad detector of
photon ntensity, the basic signal in practically all fluorescence and luminescence-based analytical
devices. But the human eye is ideally suited for the detection of lmages or patterns.

We have developed a set of technologies which allows ATP concentration (o be measured
by the spatial position of the bioluminescence, permitting a quantitative detector designed and
optimized for human visual detection (1-3)

For the past fifteen years, Andrade and co-workers have worked on fluorescence based
immuno sensors using total imternal reflection evanescent wave optics (31). That work was highly
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successful, led to several patents, and in modified form is being commercially developed. About
S1X years ago the group became quite interested in bioluminescence and the possibility of using
luciferases as labels and tags for immunoassay. The more they got into this area, the more it just
seemed reasonable to use bio- or chemiluminescence as the readout rather than fluorescence.
thereby eliminating the need for an excitation light source. As they got into the literature even
more, they were surprised to learn of the exquisite sensitivity and specificity of the two most well
characterized bioluminescent reactions. As they learned more about biochemistry and
bicenergetics, they finally realized that ATP and NADH are the two most critical molecules in all of
biology and that having a system with high specificity and sensitivity for these molecules and the
ability to generate its own signal led to an enormous range of possibilities. The problem was that -
the simplicity of the system was limited by the need for sophisticated light detectors. As noted
above, most bioluminescence sensing systems utilize photo-multiplier tube or related detectors.

With the group's growing interest with patient empowerment and cost reducing health care
technologies some four years ago, they began to struggle with means by which a sensor could be
produced which could be read without the need for an instrument, i.e. by the patient's own eyes,
The problem, of course, was the human eye's astonishing ability to accommodate to changes in
intensity thereby making it a very non-objective intensity detector. The trick was 1o display the
signal in space. The general concept is presented in Figure 2 (1-3)

Figure 2, The "Business Card" geometry
dipstick sensor, read by looking at the far
right edge. Liquid sample is applied to the
far left edge (See the text for details),

Figure 3. The mechanism of action of
the sensor. The bottom blocks (A) refer to
concentration of ATP on the sample. The
next block up (B) is the apyrase
distribution; the center blocks (C) are the
resultant ATP concentrations. D refers to
the luciferase/luciferin zone. E is the light
output, and F is what you see looking at the
upper edge of the sensor. Also see Figure
=

Imagine the sensor with the shape of a thick business card. One dips one end of the

business card in the solution to be analyzed. In our case, initially, this is urine. The urine wets
and is wicked into the card. Let us assume for now, for simplicity, that we are only interested in
analyzing the ATP content of that sample. Actuall ¥, we would be analyzing a specific biochemical




analyte, but we are now rying to describe for you the generic ATP detection sensor. The analyte
will come a bit later, Assume that the solution has a uniform ATP concentration. It moves into a
region where reagent has been deposited mainly for pH and buffer control. The dry reagent is
solubilized and the now buffered pH controlled ATP containing solution moves into a zone which
we call the consumase gradient, Here we have an enzyme which actually consumes ATP. You
will see why in just a moment. It consumes it in a position sensitive manner. It is g high
consumase concentration at the top of the figure, and a zero consumase concentration at the
bottom. The spatially modulated ATP now makes its way mto the final zone of the sensor which
contains luciferase and luciferin: the two reagents which together with oxygen and ATP produce
the bioluminescence. At the top of the device, where the consumase was highest, there is very
little ATP. At the bottom of the device where it was lowest, there is a maximal amount of ATP.
Now imagine that vou are observing light generated by the bioluminescent process by looking at
the edge of the business card. What you see is a very thin band. very dark on your right and
relatively bright on your left. It is clear that the position of the light in that band has some
relationship to ATP concentration. Now let's go 1o Figure 3.

Here we have it in a more schematic version. At the far left Imagine we have a sample
containing low ATP. That sample enters a zone in which there are six discrete consumase
concentrations. You can think of this as six independent channels if you like, each accepting an
identical volume of solution with identical but low ATP concentration. In this particular example,
the consumase is of high concentration and the ATP concentration is low so that essentially all the
ATP is consumed except in the left most channel, A small amount of ATP thus enters the next
zone, the luciferase zone, and results in light but of relatively low intensity. At the far right of the
figure we have a high ATP concentration. Now the ATP concentration is high enough that even
though much of it is consumed by the consumase, a sufficient amount gets through into the
luciferase zone, producing light. There is more ATP on the left side of that high ATP example and
so the light is of course brighter. Think of the output of these sensors, i.e. the top of Figure | as
analogous to a glowing thermometer. The length of the glow is thus proportional to ATP
concentration. The intensity of the glow is also related 10 ATP concentration (it is the intensity that
15 normally measured but requires a relatively expensive Intensity detector). In our case, as long as
the glow is above the detection threshold for the human cye, and the non-glowing region is black
enough that the human eye can detect significant contrast between the glowing and non-glowing
region, then that particular position is indicative of ATP concentration.

This works remarkably well, as shown in Figure 4. Thisisa laboratory example in which
the consumase (potato dpyrase) has been deposited in one dimension of an eight by eight multi-
well plate and ATP solutions ranging from 10-7 tp 104 molar have been placed in the other
dimension. The wells already contain luciferase and luciferin of constant concentration.
Examining this plate after one munute of equilibration and reaction time, one sees that indeed the
Rosition of the glow is proportional to ATP concentration. Note that in the case of very high ATP
concentration, the glow/no-glow TEEION 1S at position A, whereas at 10-5 ji js approximately at
position C, and at 1076 ip js position E. Visual detection is quite straight forward. This particular
image was taken with a CCD camera, Photographic recording is also very rapid and sensitive,
This particular example was designed to have a wide dynamic range, three orders of magnitude in
ATP. One can design the gradient for a much smaller range such as one order of magnitude with
about ten percent accuracy within that range. So, depending on the design of the apyrase steps,
one can produce a sensor with any requisite sensitivity and range.

This is what we refer to as the genenc ATP sensor, or the ATP detection platform. This
generic sensor is being developed by Protein Solutions, Inc. in Salt Lake City. They are
developing an analogous sensor for the NADH dependent bioluminescence reaction. This sensor
is slightly more complicated because two enzymes are involved in the bioluminescence reaction;

doreduciase. NAD# 4+ FMNH;
> FMN + RCOOH + Hz0 + light

NADH + FMN + H+ ou
FMNH; + RCHO + 0, lu
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Figure 4. Eight ATP sensors (horizontal)
each with identical apyrase step gradient
various ATP concentrations (right, vertical
axis) have been applied 1o each of the
sensors (see text for details)

(3).

sensors, together with kinases and phosphatases in the case ATP, and oxido-reductases in the case
of NADH, ] g

weight biochemicals involved in metabolism, particularly the carbohydrates and amino acids.

" Most analytes can be measured or monitored by a variety of methods. A good example is
glucose. There are at least 6 different ways to analyze glucose using biosensors (32). One
glucose analysis pathway is to react it with ATP in the presence of hexokinase, or even more
specific enzymes, to produce glucose phosphate. The consumption of ATP due to the
phosphorylation of glucose is a direct measure of glucose concentration, hence, a glucose sensor
based on ATP-specific bioluminescence.

0.08

The consumase in this case is an NADH oxidase and thus the NADH concentration is
appropriately modulated and spatially detected. )

Development of ATP specific and NADH specific detection platforms is well underway
with Joe Andrade's group at the University of Utah in collaboration with Protein Solutions, Inc
(37). The bioluminescence biosensor project involves Dr. Russell Stewart, Assistant Professor of
Bioengineering, who has expressed the various luciferases by recombinant means in E. coli.
These proteins have been engineered to facilitate their purification and immobilization as well as
their stability in the dry state (3). Dr. C.-Y. Wang, a post doctoral fellow in Russell Stewart’s
group and also employed part time for Protein Solutions, recently completed his Ph.D. work under
Joe Andrade's supervision, and his thesis forms the technological basis of the ATP specific sensor
Mr. Dong Min, a Ph.D. student in Joe Andrade's group is working on the NADH specific
sensing platform (37).

Protein Solutions is an industrial partner in this grant and has agreed 1o make the two
sensing platforms to the project at no cost. Please refer to letter on the last page of the proposal.
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Figure 5. Schematic of galactose sensor.

i chnological ghjective of this program is to use these ATP and NADH specific

to produce an array of sensors specific to and sensitive for the critical low molecular



Admittedly, this is not new, but its implementation in a biosensor which is direct reading,
disposable, inexpensive, ultra sensitive, quantitative, has a wide dynamic range, rapid. and
stable coupled with direct visual detection, serves as a demonstration for the more widespread
application of enzyme and substrate specific analysis based on ATP consumption or production.
This method lends itself to the development of sensors for practically all mono-, di-, and poly-
saccharides.

Such sensors will make it possible to enhance research and diagnosis in a wide range of
problems and pathologies related to metabolism and bicenergetics, obviating the requirement for
generally more expensive and time consuming standard analytical methods, often based on gas

and liquid chromatography (13, 14).

5. Structure and Organization of the Project (Please refer to Figure 1, pg 5)

Joe Andrade, the senior PI; Robert Huefner, co-PI; and Steven Kern, co-Pl, will serve as
the project executive committee. Joe, Bob, and Steve have worked together on a variety of
projects for the past five plus years including courses dealing with bioengineering applied to
reducing the cost of health care, conference organization and proceedings (5), analysis of the
Oregon list with respect to the focus of biomedical engineering research and development (38).

The three will meet formally at least twice a month and generally weekly. They will each
be responsible for the planning. supervision, and conduct of the three key parts of the project,
Figure 1. About fifty percent of the budget funds are allocated to the technology portion, directed
by J.D. Andrade. About thirty percent of the funds are directed to the economic analysis, directed
by R. Huefner with the assistance with N. Waitzman. The remaining twenty percent are directed
by S. Kem, with the assistance of J. Andrade. The effort for the economic analysis is a little
higher in the first year, and the effort for the educational component is higher in the third year. The
group will meet with the Clinical Advisory Team and others at least quarterly to obtain the clinical
and health care cost inputs required for the economic analysis and for the selection and
prioritization of the technologies. The National Advisory Board will meet once each year as part of
a one to two day symposium in Salt Lake City related to this project. The project's web site and e-
mail communication mechanism will be instituted almost immediately and will serve as a means to
gather input from and provide information to the larger community. Please refer to Education
Section for details.

The National Advisory Board will meet early in the project period within the first three to
six months, to provide appropriate input on project plans and developments. It will meet early in
vear two 1o ]'rru-\.-idc a Th‘.\mugh analysis and c;ruiquu of the first year of operation and of the plans
for the remaining two years of the project. It will then meet about half way through year three o
provide a comprehensive review and critique of the project to date and to provide suggestions,
guidance, and related input regarding dissemination and expansion of the project to other areas and
other communities. It is likely that that final meeting will be as part of a national symposium which
might well involve other groups funded under this competition.

The boards are described in Section E--Biosketches.

6. Experimental Plan-Technology

The experimental plan is divided into two basic sections:
sensors dependent on the detection of ATP concentrations involving
firefly luciferase and generally kinases for each of the specific
metabolites and
sensors specific for NADH or NADPH involving NADH specific
sensor and specific oxido-reductase enzyme for each metabolite of
interest.
There are literally hundreds of specific sensors which can be developed for each category.
Some of these are important in inbomn errors of metabolism, others are important for the diagnosis
for liver disease, others are important for the analysis of anaerobic and aerobic glycolysis, others
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:r:l_lrnpoﬂ_am for [J.}c analysis and diagnosis of nutritional deficiencies, and many other
app tdca[lmm. We have chasen to focus on carbohydrate specific sensors which represent the ATP
tr:(a‘;;uf asr_hl.}a.nd m acid specific sensors which represent the NADH based class. Tﬁjs is
s 'au.': ﬁ e 1mputrmncc n_f carbohydrates and amino acids in inborn errors of metabolism, and
=tause there are today no simple, inexpensive means of monitoring a rx 2 { :
S o oy [ s Ing a range of carbohydrates and
o \I;hfiapmdﬁc cmt?nh;aqra[e and specific amino acid sensors which we choose 1o develop will
o 1.[111{-ni on the clinical imput and the economic analysis. Although we have chosen
f". a I:wf:‘ and galactosemia as the initial example, the expenence and knowledge we generate will
»¢ applicable to any other carbohydrate sensor.
L .dThcftcl.:huc.:_mg)- is novel yet generic and of such a wide potential applicability that it can be
irected an focused to those problems of major clinical and cost reduction utility.

ATP-Based Systems: Carbohydrates

o 'i:ﬁ-:m? 3 depicted a prototype galactose sensor discussed in terms of its various functional
- (:a.n"-n g ar leltll. the sampling region, containing galactose analyte, The sample is wicked into
g ;& 3 PRt PR 1 ; . . :
u.hic; ];rnr\-ici‘e:?ﬁl ,:]1—5;;" fnra\;._ rh;1 h.m]Lple enters a pH adjustment region, then enters a zone
rides the 4 needed for the galactose specific reaction. The galactokinas i
chp e ATP ne : s X galactokinase zone, in the
[\;ir]c:ﬂ;,‘e ;r:fjé?ll—Prdehgﬂ‘ilL'll-’mc' phosphorylates galactose, consuming ATP. The apyrase region
spatially modulates the signal for direct visual detection. The fir 0
g . nal i 8 - The final detection zone contains
Juu{eru}.‘a‘m:lqlun||'jc]r]ﬂ.ac. transducing the ATP gradient to an easily viewed photon gradient. )
. ”f“‘P."."_’ V. the galactose sensor can be split into a sensor front portion comprising the
:-nmgu'ﬁ? nLn:um. region, and an ATP sensor comprising the apyrase and luciferinfluciferase
: ar.m]m;__' JEEIUHE 'The sensor is based on the partial consumption of ATP which in turn is
]L?til';ra}sem.iodl]l “}?"L by the apyrase gradient and converted to light in the transduction region by
e urmij?ul ‘lvj-?j]];:—:'-"- CThe resultant m]%nu] photons are spatially distributed to yield an indication
ginal galactose concentration »eration of the sensor b 3 ¢ sens acts
solution containing galactose. 3 - PELALON s et o s
o _ma,\'ll'llf concentration is thus an indicator of the concentration of galactose. The
s ;i];wr{(:;{zm[gl the .-,uigzltr and the dephosphorylation of the ATP occur before the ATP reaches
yrase/luciterase gel layer where light emission is initiated, T i a
it L 3 s : ed. Thus, the kinase serves as a
;?;]L‘:{nl mthal_ur of ATP concentration by catalyzing its reaction with galactose. One ATP
LLU:_?_I.:& :.june[urned for every one molecule of galactose reacted :
e o e T eac 3 » "~ /] ;
R im;p .L’[]L.d A.l P reaches the luciferin/luciferase transducer Zone resulting in a light signal
ol Tsely proportional to the concentration of galactose in the test sample. The
el ’Lvn?eém imaged or waveguided onto photographic film for detection. or detected by the
U'i['lClOR.Lf-jT'i il (‘_III]:IA.[‘IKUT] with standards will allow for a rapid estimation of the concentration of
F};};mi! > in the sample. The final sensor will include a scale along the light output zone which will
- ¢ Operator to read out the galactose concentration by correlating the scale with a sha
nllection region between light and no licht I T

: gl;i Eam_c I_qjt'.m I3 whigs for th]c ATP-based part of the project include:
, aracterize the available galactokinases with C ifici
scepersus Rl o _-aensind\-[[;_ galactokinases with respect to cost, specificity, pH and

s }I}'L?\\r:;a‘l _er:izymc types and sources will be reviewed. The process will include
dc[crmri)m_- = ; :rl:l]]u rl]r;s“l:egc;pmm_c max Ju-num purity, cross-reactivity studies with other sugars to
; 2 Specilicity for galactose, intrinsic fluorescen studi
s ! A £a se, S o nce studies over a range of
k?:ax:- magc lt_lc:_j:[per.it' ures to determine maximum temperature stability of the kinases, measurement of
el I':f\ '{I:F‘ €r a range of operating pH values to determine maximum pH stability, and
g oL ALF consumption over time to determine maximum activigy, il

2. Study galactose in water solution using the luciferase based ATP detection system.
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We will perform a series of experiments to determine the optimum concentrations of
galactokinase (GK) and ATP for detecting galactose in the concentration range of 0 to 100mg/dl.
The corresponding molar concentration range is from 0 1o 5.5mM. Because each mole of galactose
will theoretically consume one mole of ATP, the corresponding ATP detection range is 0 to
5.5SmM. Our ATP detection system is sensitive to 10-"M ATP so there should be little difficulty in
detecting these amounts of galactose,

For these studies, the amount of ATP in solution should be nearly equal to the largest
amount of galactose we wish to detect. Less ATP would adversely affect sensitivity at high levels

of galactose, more ATP would adversely affect sensitivity at low levels of galactose. The amount °

of galactokinase will affect the required incubation time. More galactokinase will decrease the
incubation time, less will increase the time in the specificity zone. Optimum values of both ATP
and galactokinase will be determined. Figure 6 presents the Juminescent pattern of a preliminary
experiment after the galactose, galactokinase and ATP have been incubated for the fgqmred period
of time (time is dependent on amount of analyte and galactokinase) and the firefly luciferase system
has been added and had time to react. No consumase (apyrase) gradient is present here. The left
hand side is fully luminescent because all the ATP in solution reacts with the luciferase and
luciferin to create light. The right hand side is completely dark because all of the ATP was used to
phosphorylate the galactose and none is left to react with luciferin to produce light
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Figure 6. For a single concentration of galactokinase and 5.5 mM ATP, a one
dimensional gradient of galactose is presented

The optimum concentration of ATP and GK will be determined and will serve as the
baseline for future work.

3. Study the singular effect of individual urine components on the luciferase-based ATP
detection system, including: glucose, lactose, fructose, maltose, peniose, chlorine, sodium, urea,
creatinine, uric acid, ketone bodies, and pH.

These screenings will be performed with the ATP/galactokinase solution optimized in
objective 2 using the same concentrations of galactose previously tested. A two dimensional
microtiter arrangement will be used to individually screen the carbohydrates, pH and the salts
found in urine. One axis will be a galactose gradient, the other will be the urine component
gradient. A series of dilutions ranging from zero to maximum expected concentration will be used.

In addition to these chemicals, we will arrange an array of pH values common to urine
(4.8-8.5). Additional buffer solution will likely have to be added to restore a pH of 7.8 (optimal
for the light producing luciferase-luciferin reaction.) Different enzymes perform optimally at
different pH values, ultimately, the sensor will incorporate the appropriate buffering system to
ensurc optimum pH values for each enzymatic reaction (pH adjustment region on figure 2.)

i
i
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4, Quantitate galactose in commercial urine standards using the luciferase based ATP detection
system.

We will incubate commercial urine standards contain ing known amounts of galactose in our
optimized specificity solution (ATP/galactokinase). The result of this incubation will be applied to
the signal transduction solution (luciferase/luciferin) and compared to the baseline values obtained
in objectives 2. and 3. Once different amounts of galactose are detectable, we will apply the
incubated samples to the spatial modulation solution (apyrase gradient) prior to detection by the
signal transduction solution, This last step will allow quantification of galactose in liguid urine
samples,

We will quantify clinically relevant amounts of galactose in commercial urine standards
using our luciferase-based ATP detector system.

5. Study device stability and reliability with emphasis on the preservation of galactokinase and
ATP.

Preservation studies of galactokinase and ATP will be conducted, focusing on
incorporating the enzyme and substrate into a trehalose/agarose sol, which will be gelled and
dehydrated under low particulate and partially sterile conditions to minimize contamination. The
sols will be of varying agarose and trehalose concentrations to determine optimum conditions,
Several drying condition will also be studied including vacuum drying, air drying, cold drying and
inert gas drying. Various storage conditions will also be studied. The dehydrated gels will be
stored in vacuum sealed foil packs at room temperature, 4°C, and -20°C for periods ranging from
one day to 20 weeks (or until the end of the grant period). This work is similar to what we have
already done for the dehydration and preservation of firefly luciferase (3).

These five objectives will be repeated in years two through three using other carbohydrates
and kinases, with the goal of producing a multi-channel carbohydrate sensor which meets the
optimum cost reduction needs. A possible example is given in Figure 7.
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Figure 7. A schematic example of a multi-anal yle carbohydrate sensor.

NADH-Based Systems: Amino Acids

The NADH based sensors are more complicated as both a luciferase (bacterial) and an
oxidoreductase (FMN/NADH) are required. FMNH]}, is unstable and must be generated locally so
that it can be acted upon by luciferase. The kinetics of the enzyme and other reactions suggest that
the two enzymes must be in intimate contact with a high oxidoreductase/luciferase ratio (37, 39).




This is accomplished by having a bacterial luciferase/oxidoreductase transduction region, similar to
the far right zone in the ATP sensor (Figure 2) _ :

The apyrase analog here is an NADH oxidase, not involving FMN. Several such enzymes
are available and will be evaluated (40). This will result in an NADH sensor analogous to the ATP
sensor described above. Much of this work will be in year two of the grant. )

The amino acid specific ends of the sensors will utilize the 1.4.1 class of enzymes, with
special attention to the branched chain amino acids (33, 35) which are important in inborn errors of
metabolism. We will also consider other important organic acids (30, 33, 36, 37). This work will
be done in the latter part of year two and in year three. Some amino acids can also be analyzed via
the ATP route (see EC. 2.5.1.6 for example). Those will also be considered. )

Also in year three we will work on sensors incorporating both ATP and NADH specific
detection. It is important to note that each enzyme used must be evaluated and tested using the
steps discussed above for the galactokinases.

7. Economic Impact Analysis

Purposes of the Economic Impact Analysis

The purposes of the econormnic analysis are to assist in selecting disease conditions and ;
chemical measures (considering their promise for cost reductions) which are made the focus of the
proposed study, and then to more fully assess the likely economic results of the disease/technology
combinations studied. The analysis will contribute directly to this study as well as providing a
protocol for similar studies, using this study as a prototype. The analysis will illustrate:

That economic analysis may be performed at various levels of precision and cost,
and hence should be designed to fit the circumstances of the situation.

How preliminary assessments may be made with limited information, time, and
resources.

Procedures by which greater precision may be efficiently achieved.

Reasons and methods for the integration of economic and technical analysis.

The analysis of economic impact will move through four elements, each integrated into the overall
study and yet each making an individually identifiable contribution to the study.

The first element makes initial assessments of the potential economics of applying the
technology to various conditions. It uses information and understanding which is
casily available from experts and the literature, to select disease conditions suitable for
the full study.

The second element makes more certain estimates of economic impact for the conditions
being addressed by the study. It more thoroughly reviews the understanding of these
disease conditions and makes more detailed analysis of the available data regarding the
outcomes of alternative treatment protocols influenced by the information readable from
dipsticks. It identifies standard costs, from the cost of illness literature: resources used
(direct cost) and resources lost (indirect cost). It considers both the human capital and
willingness-to-pay (WTP) measures of cost-of-illness. Human capital theory
emphasizes the investment character of health from a societal standpoint, where
productivity is lost due to morbidity and mortality(a "depreciation” of human capital),
whereas WTP is closely aligned with individual valuation in terms of utility as
embodied in welfare economics literature. While WTP may be more true to the
foundations of microeconomic theory, there are great practical difficulties is assessing
the value individuals place on life and limb (4, 41, 42). But cost identification from
either approach lays the foundation for cost-benefit and cost effectiveness analysis (43).

The third element outlines further economic analyses for prototype clinical tests of the
dipsticks, which might follow upon this proposed study. It again identifies standard
costs, for current protocols for disease conditions studied and then for the potential
reductions in these costs through proposed changes in protocols. This element also may
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describe additional economic studies, of substantial expense but to be done before the
prototype tests, involving the assemblage and analysis of additional information. This
will only be done if the analysis of more readily available information leaves
uncertainties so great that expensive, but practicable, deve lopment of new data is
prudent before the prototype studies.

The fourth element uses the experience of the other three elements to reflect upon and
anticipate the administrative and policy issues which this dipstick technology raises or
addresses. An example is the criticality of patient. nurse, and physician education and
the extent to which benefits are externalities not captured by the health care provider or
payer.

In a sense these elements are stages, but they are highly interrelated and will, to a large extent, be
simultaneously pursued throughout the project

ch to the :
Decision trees, with outcomes estimates, will be the primary tool of the analyses.
Clinicians and practice guidelines will be the basis for outlining the chains of events and choices
involved in the development and treatment of disease conditions. The probability of events, as

well as the costs and benefits of possible outcomes, will first be estimated using easily available
information. Sc_nsi[i\'ity analysis will test the impact of the uncertainties of these estimates (e.g. of
the cost saving from earlier diagnosis) upon the decisions and conclusion of this study (e.g.
whether to include a specific disease condition among those for which dipsticks will be designed).
This will guide the search for additional information to refine the estimates and will provide the
basis for assessing the range of uncertainties remaining to be tested by prototype studies, This
approach gives more emphasis to an iterative process of interaction bétween economists,
physicians, and engineers, but still builds upon the consensus regarding central technical aspects of
cconomic analysis provided by recent studies (44, 45). The emphasis will be upon the use of
decision trees and sensitivity analyses as a way of thinking about economic outcomes and guiding
engineering analyses, although the approach will provide the basis for engineers to link with the
more elaborate and refined models now becoming available (46).

Information Sources

The economic analyses will depend upon existing information:

The medical literature regarding prevalence of disease conditions, protocols, and medical
outcomes and associated literature on cost.

National data bases, such as the National Ambulatory Medical survey, regarding prevalence
of treatments with related information re garding diagnoses, procedures, and
prescriptions which can be combined with price information to estimate overall and
component expenditures.

State data bases, such as the Hospital Discharge Data of the Utah Health Data Authority,
regarding prevalence of treatments and charges which can be adjusted to costs (e.g.
using the Medicare cost-to-charge index) to estimate actual costs and resource use n
impatient settings.

Health plan data bases, such as the of the Utah Public Employees Health Plan, regarding
the prevalence and costs of treatments to provide a comprehensive longitudinal data
base to enhance the analysis of resource utilization with respect to the subject disease
conditions and to provide the basis for a local prototype analysis.

Outcomes ] e Economic Analyses.
The economic analysis will produce three primary outcomes. The first is guidance to the
study as a whole, in the selection of disease conditions and chemical measures f or which dipsticks
are to be developed. The economic analyses are only a part of the basis for these decisions, $o this
analysis will be closely integrated with the rest of the study, with Huefner and Waitzman regularly
collaborating with Andrade and Kemn in the prosecution of the study. Huefner has collaborated
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with Andrade in past efforts, as well as with Waitzman. The outcome will be a project in which
economic analysis has been an integral and integrated element. with a specific product of estimates
of the economic outcomes of the use of dipsticks.

The economic analyses also will describe a methodology to incorporate economic analysis

in studies of medical technology, to assist other biomedical engineers in using and understanding
manageable approaches to economic analyses. The dipstick technology will provide a case study,

to point out significant differences in investigations involved in broad population screening (e.g. of

infants for galactosemia) vs. managing identified conditions (e.g. diabetes) and in the analysis of
technology to manage identified, and sometimes rare, disease conditions vs. managing less costly
and widely prevalent conditions. It also will raise policy and administrative concems such as the
distribution of benefits and costs and the resultin g incentives or disincentives for cost-saving
technology. 2

Finally, the economic analyses will provide a review of administrative and policy issues
which it has addressed or identified. This will be a preliminary analysis, and prototype studies are
likely to produce new surprises. But the preparation of the decision trees, the sensitivity analyses
of these trees, and the estimates of outcomes — all involving interactions of those addressing the
technology, the clinical, and the economic aspects of this technology - offers opportunities to gain
insight to policy issues and to narrow the risks of future surprises.

8. Education Activities

Educational activities include:

* Teaching of health care cost issues in a new bioengineering design course at the University of
Utah, starting January 1998.

* Organizing a special session at the 1998 Fall BMES Meeting to present the key materials from
the course along with student presentations of course research projects.

= Establishing a collaborative effort with other institutions who receive grants from this offering to
develop a cohesive curriculum approach to teach health care cost issues.

* Creating an incentive for students and faculty in bioengineering programs to consider cost issues
{1 their research by establishing a Cost Reducing Technology Student Award at the annual BMES
Meeting.

1. Design Course at University of Utah Winter 1998

To raise awareness and stimulate interest in cost reduction as a key criteria for pursuing
research into new biomedical endeavors, we will de velop a course which will integrate principles
of health care economic analysis into a bicengineering design course focused on cost reducing
technologies. The course would initially be offered at the University of Utah during the first year
of funding. Issues of cost analysis are not typically part of the training and background of
bioengineering students. As such, it is important to present this material in a context which is
meaningful and relevant to their experiences, We feel the issues of cost analysis should be
incorporated in an engineering design course. This presents a model for students 1o apply the
information in their current and future projects as researchers or product developers in industry.

The course "Bioengineering Research & Development for Health Care Cost Reduction.”
will begin in 1998. The focus would be to initially teach fundamentals of cost analysis in health
care with an emphasis on understanding the cost impact of earl y diagnosis and treatment of
disease. This would include understanding the components that have contributed 10 health care
costs, determining to whom cost reduction is important both historically and currently in the
changing dynamic of health care rej mbursement, and different methods for analyzing health care
services to identify potential areas where technology can impact cost reduction as undertaken in the
economic analysis of this proposal.

Since this grant proposes to investigate a new tlechnology for diagnosis and screening for
patient disease conditions and condition management, we will place emphasis on the role of
applying technology strategies at different levels of care. Specifically, we will examine the role of
treating a disease through patient self care, primary care, secondary, and tertiary care to understand
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the different impacts that can be made at each level of the disease process before it progresses to the
next level of care and technology sophistication. The students will choose a clinical problem and
undertake a research project to research and propose a cost reducing technology specific to that
condition. The project will likely focus in a medical area pertinent to their specific disseriation
research but is not limited to this,

The class will also address issues that impact cost of commercial technology development
1o give a full context for the issues surrounding technology's role in the cost of health care. We
will review the regulatory policies and issues of the Food and Drug Administration for different
classes of medical devices, therapentics, and procedures to understand the impact that regulatory
intervention has in driving the cost of medical technology. This will lead to issues of elinical
testing and evaluation to prospectively assess clinical effectiveness and whether projected impacts
in cost reduction are achieved. Finally, issues related to physician education on cost issues and
patient understanding of the potential role of technology to reduce health care costs will be
discussed. These issues raise awareness of the importance of professional advocacy by the
biomedical engineering community to assure that its voice is represented in the on going cost of
healt care debate.

2. Fall BMES Meeting, 1998

The course instructor (Dr. Kern) will organize a session at the Fall BMES Meeting to focus
on cost reducing technologies and means for assessment and analysis of the cost impact of new
technologies. The session would combine information about the course with presentations of
research projects on cost reducing health care technologies by students who participated in the
course. A course syllabus and certain key reference materials for developing similar courses at
other universities would be provided and maintained on a World Wide Web Site. This would
serve as an initiation point for forming a collaborative effort with other institutions who receive
awards from this grant offering to develop a cohesive approach to promoting the role of technology
as a means 1o reduce health care costs,

3. Dissemination of course syllabus and materials

To facilitate collaboration with faculty at other universities, a syllabus and workbook from
our elass experience would be provided for review, comment and comparison with related
activities at other institutions. The goal would be (o refine the course material through feedback
and experience from multiple institutions. A World Wide Web site for dissemination of the
curriculum, research, and outcome results from collaborating institutions would be maintained for
the bicengineering community. At the following BMES Meeting in 1999, a Cost Reducing
Technology session would be organized with presentations by all collaborators and their students
on activities developed to teach cost reduction and cost effectiveness,

4. Cost Reduction Research Award at the BMES Meeting, starting Fall 2000

To incentivize collaborative participation, the BMES conference session would serve as a
competition in the final year of the grant for a Cost Reducing Design Award to be chosen from
student submissions to the special session. The award would be chosen by an independent panel
of reviewers which would include Pri ncipal Investigators from other grantee institutions, members
of industry, and physicians and would be of significant size ($5,000-$10,000) to continue to
stimulate student interest in understanding health care cost issues. It is hoped that over time this
would evolve a core of researchers, teachers, and product developers for whom cost reduction is a
primary focus of their work. The year three budget includes $5,000 for this award. We will seek
funding from corporations and foundations interested in bioengineering 1o keep the award
competition running annually after the grant has ended.

Summary
Our education goals begin on a local level in order to establish a format for effective
presentation and incorporation of cost analysis into our bioen gineering curriculum. Based on that
experience and the experience at other grantee institutions, a collaborative effort will be promoted
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to create a cohesive approach to understanding and asse ssing the role of bioengineering in reducing
the cost of medicine. Finally, students will be challenged 10 consider cost reduction issues in the
research they conduct for their dissertations through the mechanism of a Cost Reduction Research
Award to be presented annually at the BMES Fall meeting. The goal is to create a generation of
rescarchers and bioengineers who consider cost reduction benefits resulting from their research.
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E. Biographical Sketches

The one to two page biosketches for each of the key professional participants (Andrade,

Huefner, Kern, and Waitzman) and the chair of our National Advisory Board (Clark) are attached.
Andrade was briefly described in Section C-3,




Huefner works with health care costs in terms of policy and administrative matters, as in
having chaired the Governors Task Force on Health Care Costs and in relating the concerns of
health care cost, quality, and access. He and the Center he directs deal with reforms and market
transition as policy issues (technical consultants to the Utah Health Policy commission; publisher
of Utah's Health, An Annual Review), as ethical issues (co-edited Changing to National Health
Care, Ethical and Policy Issues; sponsored the establishment of the American Association of
Bioethics and then staffed it until staff support was moved to the University of Minnesota at the
end of 1996), and as administrative issues (consultant to the John Macy/New York University
study: lementati sues and National Health Care Reform; co-director of University of Utah
program for physician executives jointly sponsored with the Business School and the School of
Medicine).

Waitzman continues to extend his economic analyses of birth defects (4), Related to this
work is a major study he completed with colleagues on the benefits of folate supplementation of
foods to prevent of neural tube defects, published in the American Journal of Public Health (M ay
1995). He has recently been on advisory panels of a major study of the cost of epilepsy
sponsored by the Epilepsy Foundation of America, and of a National Institutes of Health grant
proposal to analyze the costs of neonatal intensive care units. He is presenting a paper in June,
1997 on the cost-benefit relationship of ultrasound to detect birth defects at the New York
Academy of Sciences.

National Advisory Board (NAB)

The National Advisory Board is designed to provide a national and international perspective
t0 our activities. They are aware of major regional, national, and other initiatives: the improvement
of access to health care; quality of health care; and cost of health care.

The board will be chaired by Dr. Edward B. Clark, Chairman of the Department of
Pediatrics at the University of Utah and Medical Director of Primary Children's Medical Center
Dr. Clark joined the University of Utah earlier this year (1996).after a distinguished career at the
University of Rochester and John Hopkins. His major rescarch focus is Pediatric heart related
ailments. His broad experience across the entire spectrum of pediatrics makes him ideally suited to
chair this National Advisory Board

Barry Zallen, M.D. is Health Center Director for Harvard/Pilgrim Healthcare in Burlington,
MA. He has been involved in the development and implementation of Harvard Community
Healthplan's Triage and Education in Burlington, MA. He has been involved in the development
and implementation of Harvard Community Healthplan's Triage and Education System. The goal
of this system was to provide patients with readily available health information in their homes
which would reduce the demand for physician services and bring the patient into a more equal
decision making role in their own health management (see Ref. 6). He will help to guide new
application for the sensor platforms under devel opment

John E. Wennberg, M.D.. M.P.H. is the Director of the Center for the Evaluative Clinical
Sciences and Professor of Epidemiology at Dartmouth Medical School. He is a nationally
recognized leader in efforts to reform the doctor-patient relationship and improve the delivery of
quality health care to all Americans. His wide-ranging public presentations to medical gatherings,
public interest groups, and congressional hearings, as well as his commentaries on editorial pages
and in the electronic media, have gained attention around the nation. Dr. Wennberg has served on
the Institute of Medicine's Health Sciences Policy Board and on the Committee o Technological
Innovation in Medicine. As a founder and continuing board member of the Foundation for Medical
Decision Making, he was instrumental in the design of interactive videodiscs for use by patients to
help them share with their physicians in the decision-making process about (reatment.

Dr. Wennberg began his academic research with work re garding why similar geographical
areas may present dramatically different rates for certain surgical procedures. Building on this

22

e T

b e

AR

RSP ————

research, his professional writings now explore outcomes research, patient preferences, the
changing role of primary-care physicians, and the effect of the supply of resources on the patterns
of utilization (5,47, 48).

Philip Lee, M.D. is presently Assistant Secretary for Health, U. S. Department of Health
and Human Services. He will retire in early 1997. Formerly on the faculty of the University of
California at San Francisco when he held such positions as Director of the Institute for Health
Policy Studies and Chancellor of the University, is academic and governmental leadership provide
particularly broad perspectives of public health and health care delive ry, and position him to be
especially valuable in understanding health economics and public policy and their intersection with
bioengineering and technology. He also would bring to the discussions a special understanding of
disease prevention and health promotion through primary health care.

Paul Feldstein is the FHP Foundation Distinguished chair in Health Care Management,
Graduate School of Management, University of California at Irvine. As the author of many books
and articles on health care economics, including his very popular text on health care economics, he
would give the National Advisory Board a particularly well developed understanding of the
economics of health care. In addition, his work in Washington, D.C. with of Office of
Management and Budget and the Social Security Administration, as well as his work in Geneva
with the world Health Organization, would add to the Board's strength in health policy.

Dorothy Rice is professor, University of California at San Francisco's School of Nursing,
in its Institute for Aging. She is the former director of the National Center for Health Statistics.
As one of the initiators and most important contributors to the cost of illness literature, she would
bring invaluable perspective as well as technical expertise to the discussions of the cost saving
potentials of technology.

Paige Sipes-Metzler has served as Executive Director of the Oregon Health Services
Commission and has been involved with the development and implementation of the Oregon
Health Care Plan since its inception by now Governor John Kiizhaber. Sr. Sipes-Metzler has
worked closely with Kern and Andrade in using the Oregon health prioritization data base to help
focus bioengineering research and development on those areas with the greatest cost reduction
potential (38).

Not all members of the NAB are confirmed as of the date of submission of this proposal.
We expect to add several additional members {0 the Board prior to the initiation of the project

Clinical Advisory Team (CAT)

A local Clinical Advisory Team will meet at least quarterly during the first year of the
project and at least twice a year during years two and three to provide clinical input and direction.
The team will be chaired by Dr. Brent James, Executive Director of the Intermountain Health Care
(IHC) Institute for Health Care Delivery Research. IHC is a provider network based in Salt Lake
City. Dr. James is internationally known for his work on outcomes, measurements, and
assessments and total quality management applied to health and medical care (see Ref. 5, pp. 53-
36).

Dr. Edward B. Clark, Chairman of the Department of Pediatrics, will serve on the CAT as
well as chair our National Advisory Board. His back ground was briefly described earlier and his
two page biosketch is included.

Dr. Owen Ash. Chief Executive Officer of ARUP Inc., (Associated Regional University
Pathologists) is an expert in all areas of clinical chemistry and clinical diagnostics, ARUP Inc. is
one of the major clinical chemistry laboratories in the western United States, performing
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approximately one hundred thousand tests per month with 700 employees and an annual income of
nearly one hundred million dollars.

How 1e. M.D. has been the Medical Director of the Utah Public Employees
Health Program (PEHP) since 1982. As a consultant, he has been actively involved in
developmental programs including Prevention Programs (Healthy Utah, Prevention Plus), global
fee structuring for episodes of care (Designated Service Plan) and is currently involved actively
with the University of Utah Medical School Faculty Practice Organization in development of
Centers of Disease Management, which is modeled to provide a continuum and seamless care for
high cost chronic illnesses such as Cystic Fibrosis, Hemophilia, Low Back Pain, adult and
Pediatric Asthma. The Centers will be reimbursed globally for an interval of care, i.e., I year. Dr.
McQuarrie has special interest in Caontinuing Medical Education, Clinical Research and the
development of innovative systems to adapt to the changing medical environment as it relates to
managed health care. He is currently lead author and facilitator for a "Health Guide" for members
of PEHP with the objective for the reader, to use the information to more prudently select health
care options.

Jennis Nielson. M.D., Ph.D. is Associate Professor of Pediatrics, University of Utah. He
15 a leader in the Health Sciences faculty in efforts to reduce the costs of high quality health care.
He is engaged in efforts to improve health and reduce health care costs through public health,
lifestyle, and patient responsibility, and most particularly through better management of chronic
disease. In the latter effort he has initiated programs for more specialized capitated care for chronic
discase and now is the team leader of the University's Center for Disease Management which
contracts to provide such care,

4 Several additional members of the Clinical Advisory Team will be added prior to the
initiation of grant activities.
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Protein Solutions, Inc.

Suite 320 391 G Chipeta Way Salt Lake City, UT 84108 Phone/Fax: 801-583-9301

December 23, 1996

Joe Andrade, Bob Huefner, Steve Kemn
Department of Bioengineering

College of Engineering

University of Utah

Salt Lake City, Utah 84112

Dear Joe, Bob and Steve:

This letter confirms that Protein Solutions, Inc. is willing to participate in your
NSF - Whitaker Project "Personal Sensors for the Diagnosis and Management of
Metabolic Disorders"

We look forward to working with you in the development of sensors for specific
carbohydrates and amino acids which your program identifies as having both
clinical significance and cost reduction potential

Concerning our recent discussions, | would like to confirm that our generic ATP
and NADH biosensors will be made available to you for this work on a no cost
basis.

Best of luck in successfully qualifying for this funding program

Sincerely, L //_
e T fALL T Vi /
- ) ) f/ — =~
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:,/'5’4%-,;4 { i{{?‘;——"{“—/wyv‘_lq_.

Richard A. Van Wégenen Ph.D
Vice President for Research and Development
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